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FOREWORD

This Geoguide presents a recommended standard of good practice for site
investigation in Hong Kong, the need for which was formally recognized as
early as July 1983 by the Subcommittee of the Building Authority Working
Party on Geotechnical Regqulations. In its format and content, the Geoguide
follows closely the British Standard BS 5930 : 1981, Code of Practice for Site
Investigations, but the recommendations in the British Standard have been
adapted to suit local conditions and practices. It should be used in
conjunction with the companion document, Guide to Rock and Soil Descriptions
(Geoguide 3). These Geoguides expand upon, and largely replace, Chapter 2 of
the Geotechnical Manual for Slopes.

This Geoguide covers Sections 1 to 7 of BS 5930, while Section 8 is
dealt with in Geoguide 3. It has been prepared in such a way that the
organization and format of the British Standard have generally been preserved.
Where portions of BS 5930 have been adopted in the text without significant
amendment, this is clearly denoted by the use of an sta/ic typeface.

It should be noted that this Geoguide gives guidance on good site
investigation practice and, as such, its recommendations are not mandatory. It
is recognized that the practitioner will often need to use alternative methods.
There will also be improvements in site investigation practice during the life
of the document which will supersede some of its recommendations,

The Geoguide was prepared in the Geotechnical Control 0Office (GCO)
under the general direction of Mr J.B. Massey. The main contributors to the
document were Dr A. Cipullo, Mr K.S. Smith and Mr D.R. Greenway, with
significant contributions during the final stages of preparation from
Dr P.L.R. Pang and Dr R.P. Martin. Many other members of the GCO made
valuable suggestions and contributions.

To ensure that the Geoguide would be considered a consensus document
of the civil engineering profession in Hong Kong, a draft wversion was
circulated widely for comment in early 1987 to contractors, consulting
engineers and Government Departments. Many organizations and individuals
made useful and constructive comments, which have been taken into account in
finalizing the Geoguide, and their contributions are gratefully acknowledged.

Practitioners are encouraged to comment at any time to the Geotechnical
Control Office on the contents of this Geoguide, so that improvements can be
made to future editions.

(2. g

E.W. Brand
Principal Government Geotechnical Engineer
September 1987
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PART I
INTRODUCTION
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1. SCOPE

This Geoguide deals with the investigation of sites in Hong Kong for the
purposes of assessing their suitability for civil engineering and building works,
and of acquiring knowledge of site characteristics that affect the design and
construction of such works and the security of adjacent properties. It is
essentially BS 5930 : 1981, Code of Practice for Site Investigations
(BSI, 1981a), modified as considered desirable for use in Hong Kong.

While the basic structure and philosophy of BSI (198l1a) has been
maintained in this Geoguide, topics of particular importance in Hong Kong have
been supplemented or rewritten in the light of local conditions and experience.
Other sections of BSI (198la) have been repeated herein without significant
amendment, and this has been denoted by an J/sta/ic script. Less relevant or
rarely-used portions of BSI (1981a) have been incorporated only by reference,
or have been specifically deleted.

In this Geoguide, as in BSI (198la), the expression "site investigation”
has been used in its wider sense. It is often used elsewhere in a narrow sense
to describe what has been termed herein "ground investigation”. The use of
soil and rock as construction materials is treated only briefly; further
information on this is given in BSI (1981b).

From Part IT onwards, this Geoguide I's divided as foflows .

Part Il. Part [T deals with those matters of a technical, legal
or environmental character that should be taken into account
in selecting the site for In determining whether a proposed
site Is suitable) and in preparing the design of the works.

Part Irl. Part Il discusses general aspects and planning of
ground investigation, Including the influence of general
conditions and ground condrtions on the selection of methods
of Investigation.

Parts IV and V. Parts IV and V discuss methods of ground
investigation, sub-divided as follows : Part IV deals with
excavation, boring, sampling, probing and tests in boreholes;
Part V deals with field tests and laboratory tests on samples.

Part VI Part VI deals with the preparation of freld reports
and borehole logs, the interpretation of the data obtained
from the Investigation and the preparation of the final site
Investigation report.

The last section of BSI (198la}, which deals with the description of soils
and rocks, is not covered in this Geoguide. A companion document, Geoguide 3 :
Guide to Rock and Soil Descriptions (GCO, 1988), has been devoted entirely to
this topic, and the reader should refer to it for guidance on the description and
classification of Hong Kong rocks and soils.

It may be noted that there are some imbalances in treatment of the
various topics, with, in some cases, more comprehensive coverage given to
methods that are less frequently used. Because it would not be possible to
include full coverage of all available site investigation techniques, methods that
are well documented elsewhere in the literature receive abbreviated coverage in
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this Geoguide.

This Geoguide represents a standard of good practice and therefore takes
the form of recommendations. Compliance with it does not confer immunity
from relevant statutory and legal requirements. The recommendations given
are intended only as guidance and should not be taken as mandatory. In this

respect, it should be realized that improvements to many of the methods will
continue to evolve.
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2. TERMINOLOGY

A few commonly-used descriptive terms for geological materials and
types of ground investigation are often interpreted in different ways and
therefore require definition. In this Geoguide, the terminology given in the
following paragraphs has been adopted.

"Rock” refers to all solid material of natural geological origin that cannot
be broken down by hand. "Soil” refers to any naturally-formed earth material
or fill that can be broken down by hand and includes rock which has weathered
insitu to the condition of an engineering soil. Further guidance on the use of
these terms is given in Geoguide 3 (GCO, 1988).

Excluding any boulders or cobbles, a "fine-grained soil" or a "fine soil"
is one that contains about 35% or more of fine material (silt and clay size
particles). A "coarse-grained soil" or a "coarse soil"” contains less than 35% of
fine material and more than 65% of coarse material (gravel and sand size
particles). Further guidance is given in Geoguide 3.

A "cohesive soil" is one which, usually by virtue of its fines content,
will form a coherent mass. Conversely a "granular soil" or a "cohesionless
soil” will not form a coherent mass. These simple terms are useful in the
classification of materials during ground investigation for the purpose of
choosing a suitable method for sampling the ground. A fine soil is generally
cohesive,

The "matrix" of a composite soil refers to the fine-grained material
enclosing, or filling the spaces between, the larger grains or particles in the
soil.

"Boring™ is a method of advancing a cased or uncased hole (viz a
"borehole") in the ground and includes auger boring, percussion boring and
rotary drilling , in which a drill bit is rotated into the ground for the purpose
of forming the hole. Although the term "drillhole” is commonly used in Hong
Kong because of the popular use of the rotary core drilling method in ground
investigations, the general term "borehole” is used throughout this Geoguide
for simplicity, whether the hole is bored, augered or drilled.
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PART II
GENERAL CONSIDERATIONS
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3, PRIMARY OBJECTIVES OF SITE INVESTIGATION

Investigation of the site is an essential preliminary to the construction
of all civil engineering and building works, and the objectives in making such
investigations are as folfows -

(a) Suitability. To assess the general suitability of the site
and environs for the proposed works.

(b)) Design. To enable an adequate and economic design to
be prepared, including the design of temporary works.

fc) Construction. To plan the best method of construction;
to foresee and provide against difficulties and delays that
may arise during construction due to ground and other
local conditions,; in appropriate cases, to explore sources
of iIndigenous materials for use In construction (see
Section 8.4); and to select sites for the disposal of wasle
or surplus materials.

(d) Effect of Changes. To determine the changes that may
arise in the ground and environmental conditions, either
naturally or as a result of the works, and the effect of
such changes on the works, on adjacent works, and on
the environment in general.

re) Choice of Site. Where alternatives exist, to advise on
the relative suirtability of different sites, or different
parts of the same site.

In addition, site investigations may be necessary In reporting upon the
safety of existing features and works (see Section 8.3), for the design of
extensions, vertical or horizontal to existing works, and for investigating
cases where faiflure has occurred (see Section 8.2).
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4, GENERAL PROCEDURES

4.1 EXTENT AND SEQUENCE OF INVESTIGATION

4.1.1 General

The extent of the investigation depends primarily upon the magnitude
and nature of the proposed works and the nature of the site.

A site investigation will normally proceed in stages, as follows @ desk
study,; site reconnaissance; detalled examination for design, including ground
investigation, topographic and hydrographic survey and special studres, follow-
up Iinvestigations during construction (Figure l). This may be followed by
apprarsal of performance. Some of the stages may overlap, or be taken out of
sequence; for example, the site reconnaissance may well take place before
completion of the desk study.

The costs of a site investigation are low in relation to the overall cost
of a project and may be further reduced by intelligent forward planning.
Discussion at an early stage with a specialist contractor will help to formulate
an efficient and economic plan. The technical regufrements of the
investigation should be the overriding factor in the selection of investigatory
methods, rather than their cost.

As far as possible, assembly of the desk study information should be
complete, at least in respect of those aspects related to ground conditions,
before ground investigation begins. A preliminary ground rnvestigation may be
desirable to determine the extent and nature of the main ground investigation.
The extent of the ground investigation Is discussed in Chaplter 10.

For regional studies or site investigation of projects covering large
areas, e.q. road, tunnel or transmission line routes, techniques such as
engineering geological and geomorphological mapping, terrain classification and
hazard analysis may be useful to delineate critical areas so that detailed
investigations can be concentrated in areas where they are most required
(Brand et al, 1982; Griffiths & Marsh, 1984; Hansen, 1982).

4.1.2 Adjacent Property

Because of the dense urban development in Hong Kong, construction
activities can often affect adjacent property. It is therefore essential that
investigations should cover all factors that may affect adjacent property,
including features such as slopes and retaining walls (see Chapter 7 and
Section 8.3). Where possible, records of ground levels, groundwater levels and
relevant particulars of adjacent properties should be made before, during and
after construction. Where damage to existing structures is a possibility,
adequate photographic records should be obtained.

Adjacent buildings, structures and buried services, including pipes
conveying water, gas or sewage, should be specifically considered, as they may
be affected by vibrations, ground settlement or movement, or changes in
groundwater levels during and after construction activities on the site.
Hospitals and other buildings containing sensitive instruments or apparatus
should be given special consideration.
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Special permission or approval must be obtained when the site is above or
near the Mass Transit Railway Corporation's tunnels or structures, or is within
the Mid-levels Scheduled Area {see Appendices A and B; see also Chapter 7).
The approximate locations of these two features are shown in Figure 2.

4.2 DESK STUDY

As a first stage in a site investigation, a desk study is necessary and
Appendix A indicates the types of information that may be required. Much
information about a site may already be available in existing records. A
summary of the important sources of information is given in Appendix B.

A new geclogical survey is currently underway in Hong Kong to replace
the existing 1:50 000 scale geological maps and memoir (Allen & Stephens, 1971);
new 1:20 000 scale geclogical maps will become available between 1986 and 1991
(Figure 3). The new geoclogical survey uses different nomenclature for certain
major rock divisions and rock types (Addison, 1986; GCO, 1988; Strange & Shaw,
1986}; this should be used wherever possible.

An important source of basic geotechnical information is the Geotechnical
Area Study Programme {(GASP) publications available from the Government
Publications Centre. Systematic terrain evaluation has been undertaken at a
scale of 1:20 000 covering the entire Territory (Brand et al, 1982). These
publications generally contain Engineering Geology, Terrain Classification,
Erosion, Landform and Physical Constraint Maps. Selected areas of the
Territory have also been evaluated at the 'district’ scale of 1:2 500, but these
have not been published. The GASP programme and the areas covered by the
GASP publications are shown in Figure 4, and examples of some of the 1:20 000
maps are given in Figure 5.

The Geotechnical Information Unit also contains numerous records of
boreholes from throughout the Territory, as well as useful records of landslides,
rainfall and piezometric data, and laboratory test results on soil and rock
samples. Relevant data can be easily accessed by geographical location of the
site. Further details of the Geotechnical Information Unit are given in
Appendix B.

A useful bibliography on the geology and geotechnical engineering of
Hong Kong is also available (Brand, 1992). Local maps and plans are easily
obtained (Table 1), and as-built records of private developments are retained by
the Buildings Ordinance Office or the Public Records Office (see Appendix B).
Valuable information may often be obtained from aerial photographs, as
discussed in Chapter 6.

4.3 SITE RECONNAISSANCE

At an early stage, a thorough visual examination should be made of the
site. The extent to which ground adjacent to the site should also be examined is,
in general, a matter of judgement (see Section 4.1.2). In the intensely-
developed urban areas of Hong Kong, it will usually be necessary to inspect
existing slopes and retaining walls within and surrounding the site and adjacent
properties during the site reconnaissance stage. Appendix C gives a summary
of the procedure for site reconnaissance and the main points to be considered
but should not be regarded as necessarily covering all requirements.
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Nearby cut slopes can reveal soil and rock types and their stabrlity
characteristics, as can old excavations and quarries. Similarly, in the vicinity
there may be embankments or buildings and other structures having a
settlement history because of the presence of compressible or unstable solis.
Other important evidence that might be obtained from an Inspection Is the
presence of underground excavalions, suclt as basements and tunnels. The
behaviour of structures similar to those intended should also provide useful
nformation, and the absence of such structures may be significant, as may be
also the presence of a vacant site In the midst of otherwise Intensive
development,

Examples of earfier uses of the site that may affect new construction
works are given in Chapter 5.

4.4 DETATLED EXAMINATION AND SPECIAL STUDIES

For most projects, the design and planning of construction will reqguire a
detailed examination of the site and Its surroundings (see also Appendix D).
Such requirements may necessitate a detaifed land survey fsee Appendiv D.2), or
an investigation of liability to flooding. The investigation of ground conditions
Is dealt with In Parts II7 and V. Other reguirements may entail studies of
special subjects such as hydrography (see Appendix D.3); micrometeorology (see
Appendix D.4/); sources of materrals (see AppendixD.5); disposal of waste
materials (see Appendrx D.6); or other environmental considerations.

The possibiiity of disused tunnefs affecting the site should also be
considered (see Section 5.2/.

In areas where underground cavities are suspected (Culshaw & Waltham,
1987}, it may be necessary to carry out a special study to assess the suitability
of the site for development (see Section 7.1).

4.5 CONSTRUCTION AND PERFORMANCE APPRAISAL

Construction and performance apprarsal are discussed fn Chapter 76.
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5. EARLIER USES OF THE SITE

5.1 GENERAL

If 2 site has been used for other purposes Iin the past. this can have a
significant effect on the present intended use. A careful visual inspection of a
site and the vegetation it sustains may reveal clues suggesting interference
with the natural subsofi conditions at some time In the past. Examples are
given in Sections 5.2 to 5.6.

Due to the relatively short history of development in Hong Kong, many
instances of previous use of a site can be discovered by an inspection of early
maps, aerial photographs and other historical records (see Appendices A and
B).

5.2 TUNNELS

The presence of nearby tunnels may have a profound effect on the
intended use of the site, and should be fully considered. In addition to
tunnels in active use for water supply, sewage conveyance, roads and railways,
underground shelters and disused tunnels (of average dimensions 2 m high and
3 m wide) exist in places throughout the Territory as a result of previous
wartime activities.

5.3 MINES AND QUARRIES

A relatively minor amount of either opencast or underground mining has
been undertaken in Hong Kong, but quarrying for rock products has been
extensive at some locations, as have borrow area operations. Where this has
occurred, detailed consideration must be given to its influence on affected
sites.

5.4 WASTE TIPS

Waste tips, used for the disposal of domestic refuse, industrial waste and
other refuse, may be found in places throughout the Territory. The location
of past or present 'controlled tips' operated by Government are documented,
but other tips may also exist. Harmful industrial wastes may also be
encountered. The use of waste tip sites for other purposes must consider fully
the effects of combustible gas, toxic leachate and ground settlement.
Furthermore, sites in the proximity of waste tips may also be subject to the
effects of laterally migrating combustible gas and leachate.

5.5 OTHER EARLIER USES

Much of the low-lying land of Hong Kong has been extended by
successive stages of reclamation in the past 80 to 90 years. Former seawalls
and other obstructions may therefore be encountered beneath these areas. The
fill materials used have been variable, often containing large boulders and
building debris. The fill is often underlain by soft compressible marine
sediments.
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Natural slopes and boulders, and older cut and fill slopes and retaining
walls, are often prone to landslides and other forms of instability. It is of
paramount importance that all slope features on or adjacent to the site should
be examined for areas of past, current or potential instability at an early stage
in the site investigation.

5.6 ANCIENT MONUMENTS

A list of gazetted historical sites is maintained by the Antiquities and
Monuments Office of the Government Secretariat, and a permit is required
before commencement of any work within a gazetted historical site. It is
advisable to consult the Antiquities and Monuments Office before entering any
historical site, even ungazetted sites. During site investigation, any discovery
of antiquities or supposed antiquities should be reported to the Antiquities and
Monuments Office (see Appendices A and B).
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6. AERTAL PHOTOGRAPHS

6.1 GENERAL

Aerial photographs can be used in the preparation and revision of maps
and plans, and they can assist in the identification and general assessment of
natural and man-made features, including geology, geomorphology, hydrology
and vegetation, on or in relation to a site. They are particularly useful in the
assessment of site history (i.e. changes in form, materials and land use) and
can provide valuable information for the assessment of slope stability
(Geological Society, 1982).

Black and white aerial photograph coverage of Hong Kong is extensive.
Although partial coverage of the Territory is available from 1924, the first
complete coverage was obtained in 1963, as summarised in Table 2. For almost
any site in the Territory, repeated aerial photograph coverage records the land
use and development changes that have occurred, as well as any history of
recent instability. The small scale black and white photographs obtained at
flying heights of over 6 000 m are more suitable for obtaining an overall view
of the Territory. A small number of true colour, (false) colour infrared and
black and white infrared photographs are also available. Advice on how to
obtain the aerial photographs is given in Appendix B.1.3.

6.2 TOPOGRAPHIC MAPS AND AERIAL PHOTOGRAPHIC IMAGERY
6.2.1 Map and Plan Scales

Accurate topographic maps and plans can be produced from aerial photo-
graphs. A partial catalogue of maps and plans available from the Lands
Department is given in Table 1 (see also Appendix B.1.1}). Large scale plans
(scales 1:500 to 1:1 000) are usually most appropriate for site investigations of
small areas, whereas plans with scales of 1:5 000 to 1:20 000 are more
appropriate for district or regional studies.

6.2.2 Aerial Photographic Imagery

The scale of an image on an aerial photograph is proportional to the
distance between the camera and the subject. For an aerial photograph taken
vertically, tall objects (tops of hills and buildings), and objects near the centre
of the photograph, create images at slightly larger scales than low terrain or
similar objects near the edge of the photograph. Radial distortion about the
optical axis of the camera displaces the true vertical away from centre of the
photograph, an effect which becomes more pronounced near the edges of a
photograph. This may create dramatic effects on large-scale photographs with
considerable changes in elevation from one portion to another.

Despite these sources of distortion, for sites which can be identified
within the central third of a vertical aerial photograph and which contain
terrain of broadly similar elevation, reasonably accurate scaled images can be
obtained by proportioning the distances between objects identifiable on a map
(or plan) and a contact print of an aerial photograph, and by using this
proportion ratio as an enlargement factor. Most aerial photography has been
obtained using cameras with large format negatives. Prior to 1963, the sizes
of the contact prints vary, but are usually 162 mm by 175 mm. With few
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exceptions, the negatives obtained from 1963 to the present are 228 mm by
228 mm. The image produced on contact prints is extremely sharp, and clear
images can be obtained either by viewing the contact prints with a magnifying
lens or stereoscope, or by enlarging all or part of the negative. Enlarged
prints can be used even for studies of small areas of the size of an individual
building site.

6.2.3 Orthophoto Maps and Plans

orthophoto maps and plans, which consist of rectified (true to scale)
photographs overprinted with contours or grids can be made (overseas only)
for both wvertical and oblique aerial photography. Rectification of the image
can be performed optically or digitally; the accuracy is determined by the
number of control points supplied, the degree of rectification desired and the
scale of the original photography.

6.3 AERIAL PHOTOGRAPH INTERPRETATION
6.3.1 Identification and Interpretation of Ground Features

Aerial photographs can be interpreted at a range of scales and levels of
detail to provide information valuable to both the design of site investigations
and to the interpretation of the results. The design of site investigations for
large projects such as route corridors (e.g. roads, railways, pipelines or
transmission lines) can benefit enormously from a preliminary aerial photograph
interpretation (API) survey. This can highlight the natural and man-induced
characteristics of the terrain, noting in particular hazards and resources that
may have a significant effect on the feasibility or design of the project. Even
when performed for smaller sites, an API study can often provide useful
information on the distribution and thickness of natural and fill materials, and
may reveal potential problems originating from adjacent land. Seguences of
aerial photographs taken at different dates can be compared to determine the
location, extent and approximate time of filling and reclamation, and the
sequence of development of an area.

Aerial photographs, particularly when examined stereoscopically, can
often be used to identify and delineate specific ground features such as the
distribution of soil types (e.g. colluvial and alluvial deposits), soil thickness,
bedrock type, depth to bedrock, fracture patterns and spacings, as well as
local relief. API is of particular value in the mapping of "photolineaments™.
This term refers to straight or gently-curving features on aerial photographs
which are usually the surface expression of wvariaticns in the structure or
materials of the underlying bedrock. Photolineaments are usually marked by
topographic highs or lows in the terrain but sometimes they may be more
subtle features, which can only be identified by different vegetation growth,
reflecting underlying changes in soil type, soil thickness or moisture content.
Well-defined linear depressions usually indicate the location of less resistant
bedrock or of discontinuities in the bedrock structure such as faults, fracture
zones or major joints. Local linear topographic highs or lines of boulders or
rock outcrops may indicate the presence of a rock unit that is more resistant
to weathering.

All the features mentioned above may be important for the interpretation
of site conditions. Early identification by API of major changes in soil and
rock types and features that are likely to have a significant influence on the
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local groundwater regime can be of great assistance in the design of the
ground investigation and in establishing a geological model for the site.

Reviews of API and related mapping techniques are contained in
Geological Society (1982). Some good examples of the use of API techniques are
provided by Lueder (1959), Van Zuidam & Van Zuidam-Cancelado {1979),
Verstappen & Van Zuidam (1968) and Way {(1978).

6.3.2 Examples of API in Hong Kong

In Hong Kong, API techniques have been successfully applied to both
specific problems and regional appraisals. Examples of the former are given in
Brimicombe (1982), Bryant (1982) and Koirala et al (1986). Systematic regional
API studies have been undertaken within the Geotechnical Area Studies
Programme (GASP) to provide information for planning, resource appraisal and
engineering feasibility studies (see Section 4.2). The first of the regional GASP
reports was available in 1987 (GCO, 1987) and a further eleven reports in the
series were published between 1987 and 1989. All GASP maps are available for
inspection in the Gectechnical Information Unit (see Appendix B).

Figure 6 shows an example of a vertical black and white aerial photo-
graph of part of Hong Kong Island and includes the corresponding portion of
the 1:20 000 scale geological map (GCO, 1986). Some features of the bedrock
structure can be interpreted from the aerial photograph. For example, the
location of the fault line shown on the geological map can be clearly seen as a
straight, deep valley in the centre-east part of the photograph. Near the
north eastern corner of the photograph, the photolineaments indicated on the
map can be seen to correspond to less clearly-defined valleys.
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PART III
PLANNING THE GROUND INVESTIGATION
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7. INTRODUCTION TO GROUND INVESTIGATION

7.1 OBJECTIVES

For new works, the objectives of ground investigation are to obtain
reliable information to produce an economic and safe design and to meet
tender and construction requirements. The investigation should be designed to
verify and expand information previously collected. In Hong Kong, because of
intense urban development, it is often necessary to investigate the effects of
new works on the safety of existing features and works; in particular, the
effects on the stability of existing slopes and retaining structures (see
Sections 4.1.2 and 8.3).

The objective of ground investigation related to defects or failures of
existing features or works (see Section 8.2), or to safety of existing features
and works (see Section 8.3), will be directly related to the particular problems
involved. The reguirements for Investigation of materials for construction
purposes are discussed fn Section 8.4.

An vnderstanding of the geofogy of the site is a fundamental reguire-
ment in the planning and fnterpretation of the ground investigation. In some
cases where the geofogy Is relatively straightforward and the engineering
problems are not complex, sufficient geological rnformation may fHave been
provided by the desk study, subject to confirmation by trial pits or boreholes
or both. In other cases, it may be necessary lo vndertake geological mapping.
which s discussed in Chapter 9.

OFf primary mmportance will be the establishment of the soif profile or soil
and rock profife, and the groundwater conditions. The profife should be
obtained by close visual inspection and systematic description of the ground
using the methods and terminology grven in Geoguide 3 (GCO, 1988), or a
surtable alternative system. In many cases, Lhis, supplemented by [limited
insitu or laboratory testing, wilf suffice. In olthers, it will be pecessary to
determine in detail the engineering properties of the soifs and rocks. The
extent of the ground rinvestigation Is discussed in Chapler /0. Where
appropriate, the geometry and nature of discontinuities should be establisfied
fsee Section /2. 111

In many cases, especially in slope design, it will be very important to
determine the variations in the groundwater regime in response to rainfall.

The investigation should embrace all ground in which temporary or
permanent changes may occur as a resuft of the works. These changes include
s changes in stress and associated strafn, changes fn moisture content and
associated volume clianges, changes in grovndwater fevel and flow pattern, and
changes in sofl properties such as strength and compressibility. Materials
placed in the ground may deteriorate. [t is therefore necessary to provide
fnformation from which an estimate of the corrosivity of the ground can be
made (see Chapter /34

Special measures may be required to locate disused tunnels or under-
ground cavities, which may collapse, resulting in damage to structures (see
Sections 8.3.2,.10.3.3 and 10.7.2). Other hazards may arise from earlier uses of
the site (see Chapter 5).
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7.2 PLANNING AND CONTROL

Refore commencing ground Investigation, all relevant information
collected from the souvrces discussed in Part IT sfhould be considered together
to obtain a prelimipary concepltion of the ground conditions and the
engineering problems that may be involved. This will assist in planning thHe
amount and types of ground investigation required.

Planning of the ground investigation should be flexible so that the work
can be varied as necessary in the light of fresh information. 0On occasions,
especially on large or extended sites, a preliminary investigation may be
necessary In order that lhe marn Investigation may be planned to best
advantage (see Sections 4.1.1 and 10.4).

The ground investigation should be largely completed before the works
are finally designed. It is therefore important that sufficient time for ground
investigation (including dealing with all legal, environmental, contractual and
administrative matters, reporting and interpretation) is allowed in the overall
programme for any scheme. For example, in slope design, piezometers should
be installed well in advance to obtain sufficient groundwater data for the
design. Should changes in the project occur after completion of the main
investigation, additional ground investigation may be required. If so, the
programme should be adjusted to allow for the additional time required.

Someltimes, conditions necessitate additional investigation after the works
commence. In tunnelling, for example, probing alkead of the face may be
required to give warning of fhazards or changes in ground conditions. The
properties of the ground and also the groundwater levels may vary with the
seasons. J[In planning the investigation, consideration shouvld be grven to
predicting the ground conditions at other times of the year.

The imposition of limitations on the amount of ground investigation to
be undertaken, on the grounds of cost and lUme, may result in insufficient
Information befng obtarined to enable the works to be designed, tendered for
and constructed adeguately, economically and on time. Additional investi-
galtions carried out at a later stage may prove more costly and result in
delays. '

As ground investigations in Hong Kong must often be undertaken in
urban areas (Plate lA), it is often necessary to obtain road excavation permits,
temporary licences or way leaves before commencing the ground investigation.
For some sites it will be necessary to coordinate the works with the
requirements of the traffic police and other authorities (Plate 1B). Proper
identification and maintenance of utilities encountered by the works is
essential; high voltage power cables, gas distribution lines and other utilities
often present significant safety hazards.

Since backfilled pits and boreholes might interfere with subsequent
construction, they should be sited and backfilled with care. It is essential
that the precise location of every excavation, borehole or probing is properly
referenced to the 1980 Hong Kong Metric Grid and recorded during the
execution of the fieldwork. It is also essential to establish and record the
ground levels of these locations. The records should be such that the
locations and levels can be readily incorporated into the report on the
investigations (see Sections 10.5 and 40.2.8).

Investigations for new works and all other building works within the
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Mid-levels Scheduled Area (Figure 2) must comply with the provisions of the
Buildings Ordinance (Government of Hong Kong, 1985), including the submission
of the ground investigation plan to the Buildings Ordinance 0ffice for approval
and consent to commence the work.

Where the proposed investigation is in the vicinity of the Mass Transit
Railway, or within the limits of the railway 'protection boundary*, details and
locations of the proposed works, including the depths of any proposed
boreholes, should be forwarded to the Mass Transit Railway Corporation for
agreement prior to commencement of the work.

Should it appear during the course of the investigation that items of
archaeological or historical significance have been encountered, the Antiquities
and Monuments Office should be notified (see Section 5.6).

To oblain the grealest benefit from a ground Iinvestigation, it Is
essential that there is adegquate direction and supervision of the work by
compelent personnel who have appropriate knowledge and experience and the
authority to decide on variations to the ground investigation when reguired
(see Chapter 15).

In planning ground investigations, particular attention should be paid to
the safety of personnel. Certain methods present special safety problems, and
recommendations are given in the relevant sections. Other methods involve
normal safety precautions appropriate to site or laboratory work. A list of
statutory regqulations which may apply to ground investigations is given in
Appendix E; this list is not necessarily complete, and if there is doubt over
safety precautions, further advice should be obtained.

Appendix A summarises the types of information that may be required in
planning a ground investigation.
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8. TYPES OF GROUND INVESTIGATION

8.1 SITES FOR NEW WORKS

Investigations for new works differ from the other types of investigation
mentioned in Chapter 7, in that they are usually wider in scope because they
are required lo yield rnformalion to assist in selecting the most suitable
Jocation for the works, and the design and construction of the works. For
example, when slope excavation has to be carried ouvt a knowledge of the
subsurface materials and groundwater conditions should Iindicate .

(a) whether removal of the material will be difficult,

(b) whether the sides of the excavation will be stable if
unsupported or will require support,

(c) whether groundwater conditions will necessitate special
measures such as groundwater drainage or other
geotechnical processes,

(d) whether the nature of the ground will change as a result
of excavation, e.g. opening of relict joints in the soil
mass,

(e) what form of surface protection is required.

On the design side, it Is necessary to assess sucl considerations as
bearing capacity and settlement of foundations, stability of slopes in
embankments and cultings, earth pressures on supporting structures, and the
effect of any chemically aggressive ground condrtions. For the design of new
works, it Is important that the range of conditions, including least favourable
conditions, should be known. This entails not only a study of the degree of
variability in the sorfl and rock profiles over the area of the site, but also an
appreciation of the possible injurious effects of groundwater variations and
weather conditions on the properties of the various subsurface materials.
Where works reguire excavations Into or within rock, including weathered rock,
the orientation and nature of discontinurties In the rock may be the most
Important factors.

Often, a preliminary design of the proposed works is of great assistance
in the identification of parameters that are required to be obtained from the
ground investigation.

Investigations should assess whether the proposed works may induce
ground movements which could affect adjacent land, services and structures,
and whether the hydrogeological regime may be adversely affected (see
Sections 4.1.2 and 8.3).

8.2 DEFECTS OR FAILURES OF EXISTING FEATURES OR WORKS

The Investigation of a site where a failure has occurred Iis often
necessary to establish the cause of the failure and to obtain the rinformation
reguired for the design of remedial measures.

Observations and measurements of the feature or structure to determine
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the mode or mechanism of failure are first needed, and these will often
suggest the origin of the trouble, or at least indicate whether the ground
conditions were partly or wholly responsible. If this is the case, an
investigation will be required to ascertain the ground and groundwater
conditions relevant to three phases of the site history, i.e. before the works
were constructed, at the time of failure and as they exist at present (see also
Chapter 32). Each problem will need to be considered on its merits.
Indications of the probable cause of a failure will often result in detailed
attention being directed to a particular aspect or to a particular geological
feature.

In the case of slope rfailure, or where such faillure is considered
imminent, It Is common practice to monitor movements both of the surface and
vnderground, The former Is conducted by conventional survey methods and the
latter by means of slip Indicators or rInclinometer measurements. These
technigues are fully described Im BSI (1981b) and In the Geotechnical Manual
for Slopes (GCO, 1984). 7t Is also usually necessary to monitor groundwater
pressures within the various underlyving zones (see Chapler 20).

Therefore, an Investigation to determine the causes of a fallure may be
much more detailed in a particular respect than would normally be the case In
an investigation of new works.

8.3 SAFETY OF EXISTING FEATURES AND WORKS
8.3.1 Effect of New Works upon Existing Features and Works

Because of the dense urban development in parts of Hong Kong, it is
often necessary to investigate existing features and works in the immediate
vicinity or even remote from the site of the proposed new works, to decide
whether the existing works are likely to be affected by changes in the ground
and groundwater conditions brought about by the new works.

8.3.2 Types of Effects

Existing slopes and structures may be affected by changed conditions
such as the following :

(a) Impeded drainage, which may result in a rise in the
groundwater level. This can cause softening of cohesive
materials and reduction of shear strength of permeable
materials, and give rise to increased pore pressures
affecting the stability of slopes and retaining walls;
swelling may result in ground heave.

(b) Excavations or demolitions in the immediate vicinity,
which may cause a reduction in support to the slope or
structure, either by general ground deformation or by
slope instability.

(c) Stresses that the new structure may impose on existing
slopes or structures, or on the foundation materials
below adjacent structures, which can cause slope
instability or distress to existing structures.
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Vibrations and ground movement resulting from traffic,
vibratory compaction, piling or blasting in the immediate
vicinity, or from other construction activities.

Lowering the groundwater fevel by pumping from wells or
dewatering of excavaltions or tunrels will cause an
increase in the effective stress in the subsoil affected,
whiclt can lead to excessive settlement of adjacernt
structures. Also, i pumps do not fhave an adeguate
filter, the leaching of fines from the subsoil can easily
resuflt in excessive setllement of struciures at
considerable distance from the pump.

In areas where natural underground cavities can occur,
e.g. karst features in the Yuen Long basin, increase in
effective stress or downward ravelling of soil due to
heavy pumping may lead to subsidence or the formation
of sinkholes {(Siu & Wong, 1984).

Tunnelling operations in the nerghbourhood which may
cause deformations and subsidence; the effect of tension
and compression on drarpnage sfrould not be overlooked,

Alteration In stream flow of a walerway, which may
cause undercutting of banks or scouring of foundations
of walls, bridges and plers, and may be due to works
carried out some distance away.

Siltation of the approaches of fharbour works or the
changing of navigation channel alignments.

8.3.3 Procedure

Inn the rnvestigation of the safety of existing features or works, the first
requirement Is an appreciation of the changes to the ground that are likely to
occur. The ground investigation will need to provide knowledge of the
subsurface materials, together with the examination and testing of samples to
assess lhe effect that the changed condritions are Ilikely to have on these
materials. In some cases, It may be necessary to carry out a detailed analysis
lo estimate the effect of the changed conditions on the safety of the existing

features and works.

8.4 MATERIALS FOR CONSTRUCTION PURPOSES

investigations of sites are sometimes reguired :

fa/

(b)

to assess the suritabllity, and quantities, for construction
work of materials that become available from excavations
or dredging, e.g. whether spoil from cuts in road and
rarlway works will be surtable for fills in other places,

to find suitable materials for specific purposes, e.g. to
locate borrow pits or areas for earthworks (a2 common
problem in Hong Kong where intense urban development
demands a constant search for suitable fill materials); to
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assess the suitability of materials in waste tips that may
need to be removed for environmental reasons,

fc) to locate surtable disposal sites for waste and dredged
materials.
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S, GEOLOGICAL MAPPING FOR GROUND INVESTIGATION

The object of geological mapping is to assess the character, distribution
and structure of the soils and rocks underlying the area. Interpretation of the
geological conditions at the site may not be possible without mapping a larger
area. An understanding of geclogical features is a pre-requisite to interpreting
the geological conditions at the site, and a suitably trained specialist should
normally undertake this task.

As a base map or reference, the new 1:20 000 scale geological maps are
most useful. These maps will become available between 1986 and 1991
(Figure 3). Two existing 1:50 000 geological maps (which cover the entire
Territory) are also available (Allen & Stephens, 1971). Methods used for
geological mapping at the regional scale are equally suitable for site specific
mapping for ground investigations (Geological Society, 1982; Strange, 1986) and
may be supplemented by interpretation of aerial photographs (see Chapter 6)
and geophysical investigations (see Chapter 33).

Natural exposures and artificial exposures, sucl as cul slopes and
guarries, beyond the site may provide data on the material and mass
characteristics of soifs and rocks, including for example, the orientation,
freguency and character of bedding and jointing disconrtinuities, weathering
profifes, and the nature of the junction between superficial and solid
formations. Sucl information should be vsed as a guide only to conditions
likely to be present at the site. Caution is needed in extrapolating data;
geological deposits may vary laterally, and very important geofogical structures,
such as faults and other major discontrinuities, may fave only a restricted
extent.

It may be expedient to investigate local conditions at an early stage of
the mapping, using mechanically excavated shallow pits and trenches. The
walls of excavaltions and, where appropriate, the floor should be mapped at a
suitably large scale and sampled before backfilling takes place.

Slope surface stripping is also commonly used in Hong Kong for the
purpose of geological mapping (see Section 18.1).

Recording of geological information shoulfd be undertaken at all stages of
the works.

Further information and examples of engineering geological mapping are
given elsewhere (Burnett & Styles, 1982; Geological Society, 1972; IAEG, 1981;
ICE, 1976; UNESCO, 1976).
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10. EXTENT OF THE GROUND INVESTIGATION

10.1 GENERAL

The extent of the ground invesiigation is determined by the character
and variability of the ground and grovndwater, the tyvpe of project. and the
amount of existing Information. It i's important that the general character and
variability of the ground should be established before deciding on the basic
principles of the design of the works.

In Hong Kong, soils derived from insitu rock weathering generally exhibit
great variability even within relatively short distances. Granitic and wvolcanic
rocks, which together form the major portion of the solid geology of the
Territory, may be weathered to soils typically to depths of 30m and 10 m
respectively, Under certain geological conditions, granitic rocks may be
weathered to over 100 m deep. Examples can be found in the Mid-levels area, Ma
On Shan and Yuen Long. It is important to recognize that ground conditions
may not always improve with depth; on occasions, hard rock at the ground
surface may be underlain by thick zones of weaker material. Similarly, fill
materials within reclamations may vary considerably. Hong Kong soils and rocks
are further discussed in Geoguide 3 (GCO, 1988).

Investigations include a range of "methods"”, e.qg. excavations, borefoles,
probing, see Chapters I7 to 23, The factors determining the selection of a
particular method are discussed in Chapters 11, 12 and 17 to 23. In general,
the recommendations In Sections 10.2 to 10.7 apply irrespective of the method
adopted, and the term "exploration pornt” is used to describe a position where
the ground rs to be explored by any particular method.

Each combrination of praject and site is likely to be uvnigue and the
following general points should therefore be considered as guidance in planning
the ground investigation and not as a set of rules to be applied rigidly in
every case.

10.2 CHARACTER AND VARIABILITY OF THE GROUND

The greater the natural variability of the ground, the greater will be the
extent of the ground investigation reguired to obtain an rndication of the
character of the ground. The depth of exploration is generally determined by
the nature of the works projected, but it may be necessary to explore to
greater depths at a limited number of points to establish the overall geclogical
conditions. The technical development of the project should be kept under
continuous review, since decisions on the design will influence the extent of
the investigation.

It I's rmportant to realize that the detailed geology of a site can be no
more than inferred from aerial photography, surface ovtcrops and subsuvrface
information at the positions of the exploration points. The possibility remains
that significant undetected variations or discontinuities can exist iIncluding
lateral or vertical variations within a grven fayver. The uncertainties can be
reduced but, except by complete excavation, can never be wholly eliminated by
a more Intensive investigation. The use of angled boreholes can in certain
cases greally assist interpreting variations between vertical boreholes (see afso
Section 10.7.8/. n some circumstances, additional rnformation between
investigation points can be obtained by geophysical methods (see Chapter 33/
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10.3 NATURE OF THE PROJECT
10.3.1 General

The Iinvestigation should yield suflicient data on which lo base anm
adegquate and economical design of the project. Tt should in addition be
sutficient to cover possible methods of construction and, where appropriate, lo
indicate sources of construction materials. TFhe lateral and vertical extent of
the investigation should cover all ground that may be significantly affected by
the new works or their construction. Two typical examples are the zone of
stressed ground beneath the bottom of a group of piles; and an adjacent slope,
the stability of which may be reduced by the works.

10.3.2 Slope and Retaining Wall Construction

Due to the extensive construction of slopes and retaining walls in Hong
Kong, detailed guidance on the nature and content of site investigation for
these features is given in Tables 3 and 4. Further discussion of the design
and construction of slopes and retaining walls is given in the Geotechnical
Manual for Slopes (GCO, 1984) and in Geoguide 1 : Guide to Retaining Wwall
Design (GEOQ, 1993).

10.3.3 Foundations for Structures

Most structures in Hong Kong are founded on piles. Hand-dug caissons,
driven piles, machine-bored piles and barrettes are commonly used. A general
approach to planning a ground investigation suitable for pile design purposes is
given in ICE (1978). The investigation should make a full appraisal of the site
and the ground conditions should be investigated at depths well below the
'proposed pile toe level to allow for variations in the pile design. Knowledge
of the groundwater conditions is also required. Further advice on ground
investigation for foundations is given in Section 10.7.2, BSI (1986) and
Weltman & Head (1983).

In areas where major structural defects in rock may occur (e.g. karst
features in the Yuen Long basin, or major shear or fault zones), more
intensive investigation and greater exploration depths than normally
recommended may be required. Consideration may need to be given to locating
underground cavities within the zone of influence of the loaded area, and to
identifying other possible significant features such as steeply-dipping rockhead,
fractures and alternating soil and rock layers.

Recommendations on the depth of exploration for foundations for
structures, including shallow foundations, are given in Section 10.7.2.

10.4 PRELIMINARY INVESTIGATION

Before deciding on a full investigation programme, it may be advisable to
excavate trial pits or to strip the surface cover from slopes for a preliminary
assessment of ground conditions. These should be carefully examined, logged
and sampled (see Section 18.1).

For large projects requiring staged ground investigations, it will often be
useful during the first stage to carry out a geophysical survey in addition to
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some widely-spaced boreholes to identify those areas which require more
detailed investigation.

10.5 LOCATION

The points of exploration, (e.q. boreholes, soundrngs, pits) should be
located so that a general geological view of the whole site can be obtarned,
together with adeguate details of the engineering properties of the soils and
rocks and of groundwater conditions. More detalfed information should be
obtalned at positions of important structures and earthworks, at points of
special engineering difficulty or importance, and where ground conditions are
complicated, e.g. suspected buried valleys, old slipped areas and vnderground
cavities. Rigrd, preconceived patterns of pits, borefioles or soundings sthould
be avoided. In some cases, It will not be possible to focate subsurface
leatures until much of the ground rInvestigation data has been obtained In
such cases, the programme of investigations should be modified accordingly.

The locations of boreholes and other exploration points should only be
planned after the desk study, site reconnaissance and geological mapping are
completed. It is often useful to locate boreholes at the intended positions of
large deep foundations. For slopes, boreholes should generally be located
along anticipated critical slope sections, as well as uphill and downhill for area
and regional stability studies.

For tunnels and inclined shafts, boreholes should be offset so as not to
Interfere with subseguent construction. For other structures, the need lo
offset boreholes and trial excavations from critical points should be considered.
In most cases, borefivles should be carefully backfilled, concreted or grouted
up. Trial excavations should be located outside proposed foundalion areas.

It Is essential that accurate Jocations and ground levels for all
exploration points should be established, If necessary by survey
{see Seclion 7.2/

10.6 SPACING

Although no hard and fast rules can be laid down, a relatively close
spacing between points of exploration, e.g. 0 to 30 m will often be
appropriate for structures. For structures small in plan area, exploration
should be made at a minimum of three points If possible. Where a structure
consists of a number of adjacent units, one exploration point per unit may
sulfice. Certain engineering works, such as dams, tunnels and major
excavations, are particularly sensitive to geological condrtions, and the spacing
and location of exploration points should be more closely related to the
detalled geoclogy of the area than Is vsual for other works.

In the case of a proposed cut slope extending from soil into rock, the
level of bedrock along the face of the cutting is important. Consideration
should be given to obtaining the subsurface profile by additional drilling and
geophysical means. In the case of reclamation, very closely spaced boreholes
may be required to locate and delineate buried obstructions such as remnants
of an old seawall.
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10.7 DEPTH OF EXPLORATION

10.7.1 General

The depth of exploration is governed by the depth to which the new
project will affect the ground and groundwater or be affected by them.
Normally, exploration should be taken below all deposits that may be unsuitable
for foundation purposes, e.g. fill and weak compressible soils, including any
weak materials overlain by a stronger layer. The exploration should be taken
through compressible soils likely to contribute significantly to the settlement
of the proposed works, generally to a depth where stress increases cease to be
significant, or deeper. '

In Hong Kong, it is common practice to drill into rock for a depth of at
least 5 m to establish whether corestone, boulder or bedrock has been
encountered. However, the final depth of drilling will depend on the need to
prove bedrock. In some cases, it will be necessary to drill deeper than 5 m to
establish conclusively the presence of bedrock, for example, in investigations
for end bearing piles (see Section 10.7.2), In other instances, it may not be
necessary to terminate drilling in rock {(see Section 10.7.4).

More specitifically, the recommendations given In Sections 10.7.2 to 10.7.8
may be considered for certain types of work. It Is not always necessary that
every exploration should be taken to depths recommended in Sections 10.7.2 to
10728 In many instances, it will be adequate rf one or more boreholes are
taken lo those depths in the early stages of the fleld work to establishr the
general subsurface profife, and then the remainder sunk to some lesser deptls
to explore more thoroughly the zome near the surface which the rinitial
exploration had shown to be most relevant to the problem in hand.

10.7.2 Foundations for Structures

In the case of foundations for structures, the deptlr of exploration
should be at least one and a half Umes the width of the loaded area.
Commonsense will indicate exceptions to this guideline; for example, it would
not usually be necessary to continue drilling for long distances in strong rock.
For foundations near the surface, the loaded area is considered as elther -

fa) the area of an individual footing, or

(b} the plan area of the structure, where the spacing of
foundation footings Is less than about three times the
breadth, or where the floor loading is significant, or

fc/) the area of a foundation raft.

In each case the depth should be measured below the base of the
footing or raft

Where prled foundations are considered to be a possibility, the length of
pile usually cannot be decided unti!l an advanced stage of the project. No

explicit rules can be given for the depth of exploration, but the following
offer some guidance :

(a) Fill and weak compressible soils seldom contribute to the
shaft resistance of a pile and may add down drag to the
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load on it. The whole pile load, possibly with the
addition of down drag, will have to be borne by the
stronger materials lying below the weak materials, either
in end bearing or through shaft resistance.

(b The length of driven piles is often determined initially
by the driving resistance, and subsequently checked by
load tests. Hence, in such cases, the length of the pile
is not accurately known until the piling contract begins,
but it may be possible to gain an early indication from
standard penetration test (SPT) blow counts.

{c) In the case of end bearing piles in strong rock,
boreholes should be of sufficient depth to establish
conclusively the presence of bedrock. The rock should
then be further explored, usually by means of rotary
drilling, to such a depth that the engineer directing the
investigation (see Section 15.2) is satisfied that there is
no possibility of weaker materials occurring lower down
that could affect the performance of the piles. This will
usually require penetrating at least 5 m, or two and a
half times the diameter of the pile, whichever is larger,
below the proposed founding level of the pile. For
boreholes carried out during construction to prove
satisfactory pile founding levels, the depth of penetration
may have to be increased where large corestones or
boulders are suspected or have been identified nearby.

(dY In weathered rocks, it may not always be feasible to
locate underlying fresh rock. Foundations in this case
must often be founded in the weathered rock, and
proving the strength and continuity of the material below
the intended founding level and the location, nature and
orientation of discontinuities may then suffice.

(e} Pile-supported rafts on clay may be used solely to reduce
settlement. In these cases, the depth of exploration is
governed by the need to examine all subsurface materials
that could contribute significantly to the settlement.
Similarly, for pile groups on clay, it will be necessary to
ensure that the depth of exploration is sufficient to
prove the adequacy of the founding material below the
toe of the piles.

Based on the information of the probable subsurface profile obtained
from the desk study, the general guridance grven in (a) to (e} above and an
assessment of the types of pile likely to be considered, the engrineer directing
the investigation should determine the depth of exploration and be ready
during the course of the field work to modify this depth as appears to be
necessary. In any event, exploration should at some points be taken below the
depth fo which 1t Is considered likely that the longest piles will penetrate.

It should be noted that if any structure is likely to be affected by
subsidence due to collapse of underground cavities (e.g. karst features in the
Yuen Long basin) or any other causes, greater exploration depths than those
recommended in this Section may be required.
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1073 Embankments

For embankments on alluvial and marine soils, the depth of the
exploration should be sufficient to check possible shear failure through the
foundation materials and to assess the likely amount of any settlement due fo
compressible materials. In the case of water-retaining embankments,
investigation should explore all materials through which piping could be
inftiated or significant seepage occur.

10.7.4 Cut Slopes

The depth of exploration for cut slopes should be sufficient to permit
full assessment of the stability of the slope. This may necessitate proving the
full depth of any relatively weak or impermeable materials such as decomposed
dykes (Au, 1986). In general, exploration for slopes should extend a minimum
of 5m below the toe of the slope or 5 m into bedrock, whichever is
shallower. However, one or more exploration points should in all cases extend
below the toe of the slope or excavation, irrespective of bedrock level.
Groundwater conditions, including the possibility of perched or multiple water
tables, should also be determined.

10.7.5 Pavements

For pavements, the depth of exploration should be sufficient to
- determine the strength and drainage conditions of possible sub-grades.
Exploration to a depth of 2 to 3 m below the proposed formation level will
probably be sufficient in most cases.

18.7.6 Pipelines

For shallow small pipefines, it will frequently be sufficient to take the
depth of exploration to 1 m below the invert level For deeper pipelines the
deptl of exploration should be sufficient to enable any [likely difficulties in
excavaling trenches and supporting the pipelines to be discovered; a depth at
least I to 2m below the invert level may be advisable. Large pipelines,
especially those in ground of Jlow bearing capacity, reguire special
consideration.

10.7.7 Marine Works

For marine works, the effects described in Sections 10.7.2 and 18.7.3 may
apply and, in addition, consideration should be griven to the effects of tidal
variations.

In many cases of reclamation, it may be sufficient to terminate drilling
shortly below the base of any soft deposits that are present.
10.7.8 Tunnels

For tunnels, it is important to take the exploration to a generous deptls

below the proposed invert level because changes in design may result in the
lowering of the level of the tunnel, and because the zone of rnfluence of the
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tunnel may be extended by the nature of the ground at a grealer deplh.

Long horizontal boreholes parallel to the proposed tunnel alignment are
extremely useful, particularly where the location of the proposed tunnel is
overlain by thick layers of deeply weathered rock (McFeat-Smith, 1987).



56



57

11, SELECTION OF GROUND INVESTIGATION METHODS

11.1 GENERAL

Although the character of the ground and the techinical requirements are
the most important aspects in the selection of methods of ground investigation,
selection may also be influenced by the character of the site, the availability
of equipment and personnel, and the cost of the methods.

The specialist nature of ground investigation work should at all times be
considered. In most cases it will be necessary to employ a contractor who is
experienced in the type of investigation work which is being proposed, and
who has proper equipment and experienced personnel to carry out the works.

11.2 SITE CONSIDERATIONS

The topograplly, nature of the ground surface, surface water, the
existence of buildings or other structures and land ‘ownership’' may cause
pbroblems of access to the locations for boreholes, or interfere with geophysical
methods. For example, on very steeply sloping open sites, it may be necessary
to construct an access road or lower the equipment down the sfope or haul it
up. Where rthe working position is on steeply sloping ground it will be
necessary to form a forizontal working area by excavation or the use of
staging (Plate 2A). on sites that are obstructed by bulldings and other
structures, it may be necessary to demolish walls to garn access.
Alternatively, it may be possible to lift the equipment over obstructions using
& crane or lo use special equipment that can be dismantled and man-Handled
through the building and used in a confined space. GCaining access to sites
covered by water presents special problems (see Chapter 14). If the ground
surface is soft, it can be traversed only by very light equipment. Where this
would not be effective, access roads for heavier equipment will be required.
Alternatively, the use of helicopters or fiovercraft may be appropriate.

For ground investigation within or requiring access through privately-
owned land, including properties of the utilities companies and armed forces,
permission should first be obtained from the owners. For Government land,
approval should be sought from the relevant District Lands Office. For sites
under the control of Government, approval must be obtained from the relevant
Department concerned. Such sites include reservoirs, service reservoirs, roads,
highways, country parks, Urban Council parks, etc. Permission to enter a site
for purposes of ground investigation may place further restrictions on the
methods used. For example, it may be necessary to control or eliminate the
return of flushing media from boreholes that affect adjacent slopes, fish ponds,
cultivated fields, or highways (see Section 18.7.1). Also, the presence of
foundations and services often restrict the use of inclined drilling through
existing retaining walls into adjacent properties.

Access for drilling rigs should be assessed in the field with the
assistance of plans, maps and aerial photographs. Timber scaffolding is often
used in Hong Kong to provide access over rugged terrain and to construct
drilling platforms in very steep terrain (Plate 2B). As such scaffolding can
account for a large portion of the total cost of the investigation, care should
be taken to locate boreholes for ease of access where possible.

Most methods of boring and field testing require a supply of water. 0On
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a site where water is not available, it will be necessary to arrange for a
temporary supply to be provided. 1In the urban area, water can often be
obtained from fire hydrants upon application to the Water Supplies Department
for the hire of a metered adaptor. In rural areas water may be obtainable
from wells, rivers or streams. On sites where the provision of water presents
a major problem, it may be necessary to transport the water in bowsers, or to
use alternative methods of investigation; for example, with rotary drilling an
air foam flush could be used instead of water flush (see Section 18.7). Where
water is used as the flushing medium, adequate measures should be provided to
prevent silt and other debris in the flushing return from entering the
permanent drainage system, thereby causing siltation and other problems. Such
measures may include settling basins and sand/silt traps.

Other site considerations which may restrict the methods used are as
follows :

{(a) Trees on Government land are protected, and should be
preserved as far as possible in gaining site access or in
choosing investigation points. Permission to lop or cut
down any trees will not be granted unless good cause is
shown.

(b} 'Fung shui' aspects of some sites are of great social and
religious significance, and local advice should be sought
in planning the investigation.

(¢) Buried utilities and services are very common and must
be accounted for, as must subways and other tunnels
(e.g. Mass Transit Railway tunnels) that may pass
beneath the site. '

(d) Seismic surveys employing explosives may be restricted or
prohibited in built-up areas.

(e) Noise restrictions may prohibit the use of certain
methods of investigation.

(f) The difficulty in storage of spoil may restrict the use of
trial pits on some sites.

Further advice on planning a ground investigation and relevant sources
of information can be found in Appendices A and B (see also Sections 4.1.2
and 7.2).
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12, EFFECT OF GROUND CONDITIONS ON INVESTIGATION METHODS

12.1 GENERAL

This chapter considers the factors involved in the choice of the most
suitable procedures for boring, drilling, sampling, probing and field tests, as
determined by the character of the ground. Specific reference is made to the
ground conditions commonly encountered in Hong Kong; these are further
described elsewhere (Brand & Phillipson, 1984; Endicott, 1984; GCO, 1988;
Phillipson & Brand, 1985). The following sections should be read in conjunction
with Table 8, which summarises typical sampling procedures for different types
of materials (see Section 19.1). Frequent reference is made to classes of sample
quality, which are defined in Table 9 (see Section 19.2}.

The determination of the groundwater conditions is @ most important part
of a ground Investigation. It Involves the installation of piezometers amnd
borefole or field testing (see Chapters 20, 21 and 25/, and is not, in general, a
major consideration in the choice of a procedure for drilfing and sampling.
GCeophysical methods are often a useful means of Interpolating beiween
boreholes in a varfety of ground condrtions (see Chapter 33/.

12.2 GRANULAR SOILS CONTAINING BOULDERS, COBBLES OR GRAVEL

Some types of colluvium and alluvium may fall into this category, as may
some fill and soils derived from insitu rock weathering, although the latter two
types are considered more fully in Sections 12.8 and 12.10.

Within the limits of cost, the best method for investigating this type of
ground is by means of a dry excavation (see Sections 18.1 and 18.2). The
excavation permits the structure of the ground to be inspected, samples to be
obtained, and field tests tc be used to measure insitu density, strength and
deformation characteristics (see Chapters 27, 29 and 30).

If it is necessary to investigate the ground below the groundwater table,
dewatering may be required to obtain a dry excavation. The possible effects on
adjacent ground of any dewatering should first be assessed, however, and it
may be necessary in some cases to adopt alternative methods of investigation
below the groundwater table,

Rotary water flush drilling may be employed {(see Section 18.7), using a
triple-tube core-barrel with retractor shoe for matrix material and a diamond
drill bit for boulders. It may also be possible to use a U100 sampler (see
Section 19.4.4) in matrix material to obtain class 3 or 4 samples. The use of air
foam as a flushing medium may enhance core recovery and sample quality.

During boring, there may be difficulty in advancing the boreholes and,
consequently, in obtaining samples of adequate quality. Boring may be
undertaken with the light cable percussion method using the shell (see
Section 18.5), and employing the chisel when rock fragments too large to enter
the shell are encountered, The sides of the borehole must be supported with
casing. Disturbed samples taken from the shell are usually only class 5
(grading incomplete) because the fine fraction may have been washed out and
the coarse fragments may have been broken up by use of the chisel.
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Borehole tests can be used to obtain an indication of the properties of
the ground. The standard penetration test (see Section 21.2) will give some
indication of relative density. Occasional high values that are unrepresentative
of the trve relative density will be obtarned when the penetromeler encounters
coarse gravel In ground containing cobbles or boulders, the standard
penetration test gives an Increasing proportion of unrealistically high results.
The borehole permeability test (see Section 21.4), may give a reasonable
indication of permeability, and the results can also be used to give a guide to
the proportion of fine particles in the soil. A more rellable assessment of
permeablility will be obtained from a pumping test, (see Chapter 25). The cone
penetration test (see Section 23.3), has limitations where there is a significant
content of boulders or cobbles. It is also limited because of the rnability of
the cone to penetrate dense gravel The “static-dynamic” lest (see
Section 23.4), is useful for this purpose, afthough its results will also be
affected where cobbles or boulders are encountered. The pressuremeter Is
useful in coarse granuvlar sorls when held within a slotted casing (see
Section 21.7).

12.3 GRANULAR SOILS

These soils include sands, silty sands and sandy silts, and are fairly
common in alluvial or marine deposits. Boreholes in these materials may be
sunk by the light cable percussion method using the shell, or by rotary
drilling. Disturbed samples taken with the shell are likely to be deficient in
fines, and therefore of class 5 only. Samples suitable for a particle size
distribution test, class 4, may be obtained using the split barrel standard
penetration test sampler. Larger class 4 samples can sometimes be obtained
using U100 sampling equipment with a core-catcher.

The action of forcing a sampler Into granular sofls tends to cause a
change in volume, even if the area ratio I's small (see Section 19.4.1(2)), and
hence the densrty of the sample may not be representative of the layer. in
some cases, a piston sampler will be effective (see Section 19.5); this should
produce class 2 samples or, where the sorl is loose or very dense, class 3
samples. However, in both cases the moisture content of the samples may be
unrepresentative of the insituy ground. wWith clean sand, normal sampling
equipment may farl to recover a sample, and it will then be necessary to use
the compressed air sand sampler (see Section 19 7); sample classes will be
similar to those obtained with a piston sampler.

In shallow investigations above the water table, excavations or hand
augering (see Section 18.4), may be used.

A guide to the relative density of granular soifls Is obtained by the
standard penetration test. FHowever, the resufts can easrly be invalidated by
loosening of the soil below the water table. Where it is Important that the
relative density should not be underestimated, for example when a driven pile
project is being rinvestigated, the relative density should be assessed by the
cone penetration test.

Approximate values of the strength and compressibifity parameters can
be estimated on an empirical basis from the resulfts of the standard penetration
test or preferably, from the results of the cone penetration test.
Pressuremeter tests are also vseful. A4 more direct determination reguires the
use of plate tests carried owt in a dry excavation (see Section 21.6 and
Chapter 29).
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Permeability may be assessed from borefiole permeadility tests (see
Section 2{.3), or by oumping tests (see Chapter 25).

12.4 INTERMEDIATE SOILS

These include clayey sands, clayey silts and silts, and may be
encountered in alluvial and marine deposits. The selection of methods of
ground investigation will depend on whether the material behaves as a granular
soil or a cohesive soil.

12.5 VERY SOFT TO SOFT COHESIVE SOILS

These include sandy clays, silty clays or clays. They are commonly
encountered in marine and alluvial deposits. The normally consolidated and
lightly overconsolidated marine clays may be sensitive, while the alluvial silty
clays are generally insensitive.

Rotary drilling or the light cable percussion method may be used to
advance holes in soft cohesive soil. Considerable care is required with rotary
drilling to avoid change of water content and disturbance by the drilling fluid.
Class 1 samples can be obtained by using a piston sampler. Class 2 or 3
samples can sometimes be obtained with an open-tube sampler. Continuous
samples, wusually class 3, can be obtained with a Delft sampler (see
Section 19.6). Disturbed samples from the clay cutter of the light cable
percussion method are generally class 4. Where the borehole contains water, it
may be necessary to use the shell, in which case class 4 samples can be
obtained provided that lumps of intact soil can be recovered.

The insitu vane test is by far the most satisfactory means of measuring
the undrained shear strength of soft clays, but the penetration vane test
apparatus is much to be preferred to equipment which is used in boreholes (see
Section 21.3}. Vane tests are particularly effective if combined with static
cone penetration tests (see Section 23.3). For laboratory test purposes
(particularly oedometer tests) large diameter samples (greater than 150 mm)
should be obtained wherever possible. The compressibility values obtained from
Rowe cell tests on large diameter samples (see Chapter 37 and Table 12) may
be used in conjunction with insitu constant head permeability measurements to
give a reasonable estimate of rate of consolidation settlement.

12.6 FIRM TO STIFF COHESIVE SOILS

These materials may be encountered as layers within marine or alluvial
deposits.

Rotary drilling can be used, but considerable care is required to avoid
change of water content and disturbance by the drilling fluid. The retractable
triple-tube core-barrel can be used in rotary drilling to obtain class 2 and
sometimes class 1 samples. The 100 mm open-tube sampler can be used to
obtain class 2 to 3 samples. Alternatively, the light cable percussion method
with clay cutter can be used, which will result in class 5 samples.
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12.7 COHESIVE SOILS CONTAINING BOULDERS, COBBLES OR GRAVEL

Most colluvium and some types of alluvium fall into this category, as
may some fill and soils derived from insitu rock weathering, although the
latter two types are considered more fully in Sections 12.8 and 12.10.

Within the limits of cost the best method of investigating coliesive solls
containing boulders. cobbles or gravel is by a dry excavation. The excavalion
will enable the structure of the ground to be Iinspected, samples to be
obtained, and field tests for the determination of the rnsitu density, strengith
and vndrained deformation characteristics to be carried out.

When using borehole methods of investigation, this type of ground
presents difficulties in both advancing the hole and recovering samples of
adequate quality. Rotary drilling is often employed, using triple-tube core-
barrels equipped with a retractor shoe for the matrix materials and diamond-
impregnated drill bits for rock fragments and boulders. Class 1 samples can be
obtained by employing air foam flush with the large diameter triple-tube core-
barrel. Class 1 to 2 samples may be obtained with retractable triple-tube
core-barrels and water flush. The use of U100 samplers can yield class 2 or
3 samples of the matrix material, while the split barrel standard penetration
test sampler can be used to obtain class 3 to 4 samples. The standard
penetration test is sometimes used to obtain a rough indication of strength,
but it may give misleading results if boulders and cobbles are present.

128 FILL

Fill can consist of replaced natural ground, or waste materials of various
origins. The vniformity of fill will depend on the degree of control whict fas
been imposed, on the gquality of the Fncoming material and on the method of
placing and compaction. In older fill, there may have been little or no control
of the filling operation, and the major problem In planning the ground
investigation will be to assess the variation in character and quality across the
site. Often, the variation will be random.

Conventional methods of boring, sampling and rnsitu testing, as
appropriate to the character of the ground, can give Information on the
thickness and properties of the fill at the particular locations of the borefioles
or insitu tests. It Is essential to ensure that the borefole is always fully
cased through fill to avoid contamination of the patural grovnd from falling
material. Pits and trenches are partricularly useful for Investigating the nature
and varrability of fill (see Chapter 18/,

In combustrble fills, temperature measurements may be necessary. [t
should be noted that on waste tips, burning materials befow ground may grve
rise to toxic or flammable fumes from the borefiole. Iip fires may also creale
voids, which may collapse under the welght of an Investigation rig. Lagoons
within waste tps may be areas of very soft ground.

12.9 ROCK

Rotary diamond bit core drilling with water flush is normally used in
rock. Soils derived from insitu rock weathering are further considered in
Section 12.10. Double-tube or triple-tube core-barrels may be employed, with
triple-tube core-barrels giving better core recovery and causing less
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disturbance, especially in highly fractured or jointed rock. The use of larger-
sized equipment producing cores of about 100 mm diameter or more will also
help to improve core recovery.

Soft infilling of rock discontinurties can sometimes be Jlost due (o
erosion by the flush water, and arr or alr foam flush drilling may be desirable.
In general rotary core drilfing with a driamond drill bit will produce samples
which may allow an assessment of the character and engrineering properties of
the intact rock material. Such samples may also give some indrcation of the
frequency and dip angle of the discontrinuities but not their dip direction,
unless special techiniques are used. The use of borefiole periscopes, Impression
packers, cameras, and television cameras may be useful in this connection (see
Section 2{.8). In many cases, rotary core samples give no indication of the
character of any infifling of the discontinuities. :

In a ground investigation using light cable percussion boring or rotary
core drilling, an indication of the properties of the rock mass can be obtained
from ltests in borefoles. For certarn of sucl tests, however, it will be
necessary to take into account the probdable effects of disturbance of the
ground by the drilling process. The standard penetration test (see
Section 21.2), can give a rough indication of the variation of strength and
compressibility in weak rock. The permeability lest (see Section 2/.4), or the
packer or Lugeon lest (see Section 21.5), may give a measure of the mass
permeability, which in turn can give an Indication of the presence of open
Joints and other water-bearing discontinuities. Where applicable, the plate test
(see Section 2/.5), and dilatometers suclh as the pressuremeter (see
Section 21.7), can be used to investigate deformation properities and possibly
aflso the strength.

The best method for determining the properties of a rock mass,
including the orientation of discontinuities, is visval inspection, and field tests
carried out In excavalions, calssons or headings (see Chapter [8).

12.10 SOILS DERIVED FROM INSITU ROCK WEATHERING

Weathered rock that can be regarded and treated essentially as soil from
an engineering viewpoint occurs extensively throughout Hong Kong. These
materials are derived primarily from the chemical decomposition of the parent
bedrock, and their character depends on the parent rock type. Soils derived
from granite are typically silty or clayey sands, while those derived from tuff
and other wvolcanic rocks are often sandy or clayey silts. These soils very
often contain corestones of less decomposed rock within a more decomposed
matrix, and it is not uncommon to encounter granite corestones as large as 3 m
or more. The depth over which decomposed material changes to fresh rock is
extremely variable and is related to the rock type, joint pattern, the spacing
of the joints, faulting, alteration, and the position of the water table {(GCO,
1988).

Where these soils occur at shallow depth, pits are probably the most
effective means of investigation; class 1 block samples of the matrix material
can usually be obtained for laboratory testing and the exposure can be fully
described and logged. ’

Rotary drilling can be used to advance boreholes in these materials
provided considerable care is taken to limit disturbance by the drilling fluid.
Retractable triple-tube core-barrels can generally be used to obtain class 2 and
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sometimes class 1 samples. Class 1 samples can be obtained using a large
diameter triple-tube core-barrel with air foam flush. Open-tube samplers
generally provide class 2 to class 4 samples. The split barrel standard
penetration test sampler can be used to obtain small class 3 or 4 samples.

Borehole tests can be used to obtain an indication of the properties of
the ground. The standard penetration test will give some indication of density
and degree of weathering, although the presence of corestones may give
unrealistically high results. The standard penetration test can generally
provide useful information for the initial assessment of likely pile founding
depths. The borehole permeability test may give a reasonable indication of
permeability. The pressuremeter may be useful for measuring ground stiffness.

1211 DISCONTINUITIES

In most rocks, the mass properties depend largely on the geomelry and
nature of the discontinuities. This can require the engineering properties to
be measured In the plame of the discontinuities along specific oriemtations
determined by the anticipated directions of the stresses lo be applied. The
control by discontinuities over the strength and deformation characteristics of
a ground mass Is less obvious in solls derived from insitu weathering than in
moderately weathered to fresh rock, but may be egqually important.

There are no satisfactory drilling or boring technigues available for
ensuring that the core recovered can be orientated over the full depth
penetrated, but borehole discontinuity surveys can be conducted (see
Section 21.8). In soils, the discontinuities are often destroyed by the drilling
and therefore overlooked. where discontinuities are important to Uhe
engineering problems Involved, Insituy exposures of discontinuities are necessary
lo obtain data on their orientation and nature. After Initial investigations
using Iinterpretation of aerial photographs, surface outcrop logging and the
drilling of vertical and inclined orientated holes, it may be necessary to form
full surface exposures, large diameter boreholes, trenches, prts or adits to
allow visual inspection around and within the undisturbed ground mass, and
measurement of the relevant discontinuity data (see Chapter 26). [In some
projects, suitable exposures may be provided in excavations necessrtated by the
permanent works. The extraction or Insitu preparation of orientated test
samples can be carried out in these excavations, together with orientated large
scale tests. The orientation of the excavations controls their Intersection with
the discontinuities and, conseguently, the discontinuity data that can be
obtained. Cenerally, three orthogonal exposures are reguired to define fully
the spatial distribution of the discontinuities. The extent of the excavations is
governed by the spacing between discontinuities and the size of the works.

12.12 CAVITIES

Ground containing natural or man-made cavities can be found in Hong
Kong (e.g. caverns in karst, disused tunnels and old mineshafts) and the
cavities may be vacant or infilled {(Culshaw & Waltham, 1987). Difficulties may
be experienced in advancing a borehole through such ground. A variety of
drilling techniques may need to be tried, and precautions should be taken to
prevent dropping of the drill string, and to maintain verticality of the hole.
Care may also be required to avoid ground subsidence during investigation (see
Section 8.3.2). Close supervision is essential for such investigations.
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13, AGGRESSIVE GROUND AND GROUNDWATER

13.1 GENERAL

In some areas, soil, rock and groundwater may contain certain
constituents in amounts sufficient to cause damage to Portland cement concrete
or steel. While insitu weathered rocks and their associated soils in Hong Kong
are generally not aggressive, this should be confirmed by ground investigation
and laboratory testing whenever the use of ground anchors, reinforced fill
structures or other susceptible structures are contemplated. Investigations for
aggressive ground and groundwater should be considered for all sites where
transported soils are encountered, and for all marine sites.

The principal constituents causing damage to concrete are sulphates,
which are most common in clay soils and acidic waters. Total sulphate
contents of more than 0.2% by weight in soil and 300 parts per million in
groundwater are potentially aggressive (BRE, 1981).

Corrosion of metal is caused by electrolytic or other chemical or
biological actions. In industrial areas, corrosive action may arise from
individual waste products that have been dumped on the site. In river and
marine works, the possible corrosive action of water, sea water and other
saline waters, and trade effluents may also require investigation. In a marine
environment, the most severe corrosion is found in the 'splash zone' (i.e. the
zone that is only wetted occasionally). The saline concentration in
groundwater near the sea may approach that of seawater, particularly in the
case of reclaimed land. In estuarine situations, there may be an adverse
condition because of alternation of water of different salinities.

13.2 INVESTIGATION OF POTENTIAL DETERIORATION OF CONCRETE

Laboratory tests to assess the aggressiveness of the ground and
groundwater against Portland cement concrete include determination of pH
value and sulphate content (BSI, 1975b). Reference should be made to BRE
(1981) regarding the determination of water-soluble sulphate concentrations.
The pH value may be altered if there is a delay between sampling and testing,
so field determinations should be made if possible.

Water sampled from boreholes may be altered by the flushing water used
in drilling, or by other flushing media employed. Therefore sulphate and
acidity tests carried out on samples from boreholes may not be representative
unless special precautions are taken {(see Section 20.3).

13.3 INVESTIGATION OF POTENTIAL CORROSION OF STEEL

The likelihood of corrosion of steel can be assessed from tests of
resistivity, redox potential, pH, chloride ion content, total sulphate content,
sulphate ion content, and total sulphide content. Details of these tests, and
relevant limits for a relatively non-aggressive environment for steel, are given
in the Model Specification for Reinforced Fill Structures (Brian-Boys et al,
1986). Chemical tests should be done on undisturbed specimens which have
been placed in clean airsealed containers immediately after sampling. If
bacteriological attack is expected, undisturbed specimens should be placed in
sterilized containers and tested in accordance with BSI (1973) (see also
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Section 13.2 and Table 12).

13.4 INVESTIGATION OF FILL CONTAINING INDUSTRIAL WASTES

Industrial waste products can contain a wide range of chemicals,
depending on the industrial processes from which the waste products are
derived. Some chemicals are highly aggressive o concrete or steel in
underground structures, and some can be highly obnoxious or even poisonous.
The last two characteristics can present major construction problems, e.g. the
disturbance or disposal of contaminated ground, or the disposal of
contaminated groundwater. Local enquiries may give some Indication of the
origins of the waste materials, and the pH valve and sulphate content for the
fill and the groundwater will generally give some indication of the magnitude
of the contamination. It may then be necessary to carry out a detailed
chemical study of the ground conditions.

Further guidance is given by Naylor et al (1978).
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14, GROUND INVESTIGATIONS OVER WATER

14.1 GENERAL

Sinking borefrioles below water presents special difficulties in comparison
with working on dry land. A reasonably stable working platform may be
provided, such as a staging, barge or ship, and the borefiole sunk through a
conductor pipe spanning between the working platform and the water bottom.
Increasing use is being made of a variely of penetration tesiing techniques
(Blacker & Seaman, 1985). [7 some cases, It may be feasible to lower specially
designed boring, drilling or penetration testing equipment to the water bottom
to be operated by remote control or a diver. With remote control, operation
is restricted to a single continuvous process. Penetration depths vary from less
than 5 m for some devices, to 20 m or more for others. Geoplhysical
technigues are also used to augment the information obtained from boreholes,
or as a preliminary Investigation before putiing down boreholes (see
Chapter 33/,

As in land investigations the choice of suitable equipment for marine
investigations depends primarily on the expected ground conditions and the
purpose of the investigation. Additional factors that must be considered in
marine investigations include the water depth, heave of the craft caused by
wave action, tidal fluctuations, and water currents {(Blacker & Seaman, 1985).
Also, the required working area for a drilling vessel must include a safe
margin for anchor lines beyond the dimensions of the craft itself. A typical
spread of anchors would be up to 50 m on either side of the craft.

The scope of the work, Fncluding the methods of drilfing, sampling and
insity testing, reguires careful consideration depending on the partfcular
difficulties of the site. When working over water it Is essential that dve
consideration Is given lo safety reguirements, navigational warnings, and the
regulations of Government Depariments anrd other auvthorrties.

To avoid interference with marine traffic, the Marine Department must
be notified of investigations so that a Notice to Mariners can be issued.
Special consideration must be given to sites where the investigation or
associated craft could present a hazard. For example, craft working close to
the runway of Kai Tak Airport must not pose a hazard to aircraft; permission
for any such work must first be obtained from the Civil Aviation Department.
Similarly, permission must be obtained from the Mass Transit Railway
Corporation, the Cross Harbour Tunnel Co. Ltd, the Water Supplies Department,
or the wvarious public utility companies if work is to be carried out near
submerged tunnels, pipelines or major utilities (see Appendices A and B).

Ground Investigations conducted from above water are often more
expensive and time consuming than comparable investrgations conducted on dry
land and there may be a temptation to economize by reducing the scope of
the investigation. The extent of the reguirement for ground Iinvestigations
should be realistically assessed, since economies rn this direction can turn out
to be false.

Tropical cyclones may lead to disruption of investigations, especially in
the summer months. It is a usual insurance requirement that vessels proceed
to a typhoon shelter when the strong wind warning signal number 3 or above
has been issued (or is forecast) by the Rovyal Observatory.
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14.2 STAGES AND PLATFORMS

where stable working platforms are available or can be provided, suct as
oll driliing platforms and jeities or purpose-bullt scaffold stages and drilling
towers, It Is generally possible to uvse conventional dry-land ground
fnvestigation drilling egquipment and conventional methods of sampling and
insity testing. When working from existing structures, it may be necessary to
construct a cantifevered platform over the water on which to mount the
arilling rig. When drilling close to the shore in relatively shallow water, rt
may be more convenient to construct a scaffold staging rfrom land to the
borefiole location. Alternatively, it may be more economical to construct a
scalfold or other tower at the borefhole location, In which case some means of
transporting the drilling equipment to the tower will need to be provided.
Some towers are constructed such that they can be moved from one borehole
location to another without having to be dismantied.

Jack -up platforms, and special craft fitted with spud legs, can be floated
into position and then jacked out of the water to stand on their legs. They
can combine manceuvrability with fulfilment of the reguirement for a fived
working platform.

Jack-up and other fixed platforms effectively overcome the problem of
heave and allow a high standard of drilling, testing and sampling to be
achieved. Jack-up platforms currently available in Hong Kong are capable of
operation in water depths not exceeding about 12 m (Plate 3A).

The design of all staging, towers and platforms sfiould take into account
the nature of the seabed, fluctuating water levels due to tides, waves and
swell conditions. [t I's essential that such constructions should be suftficiently
strong for the boring operalions to resist waves, tidal flow and other currents
and floating debris.

14,3 FLOATING CRAFT

The tyvpe of floating craft suitable as a drilling vessel/ depends on a
number of factors such as whether the water is sheltered or open, the anchor
holding properties of the seabed, whether accommodation for the personne! s
required on board, the fikely weather conditions, the depth of water and the
strength of currents. fn infand water, a small anchored barge may suftfice, but
In less sheltered waters a barge should be of substantial size, and anchors will
require to be correspondingly heavy. In offshore condrtions, a sfiip is often
employved, and it may then be possible to accommodate the personnel on board,
with a saving In auxiliary supply vessels.

An auxiliary vessel will be required to handle the moorings if a barge Is
used for the work, but in certain cases a ship may be able to lay and pick up
fts own moorings. Generally, four or six point moorings will be required, and
anchors should have the best holding capacity feasible. In water deeper than
&2 m, conventional moorings become difficult, and the use of vessels
maintained in position by computer-controlled thrusting devices should be
considered.

Special techniques are required to deal with fluctuating water levels due
to tides, waves and swell conditions (Plate 3B), particularly with rotary drilling
where a constant pressure between the drill bit and the bottom of the
borehole is required (Smyth & McSweeney, 1985). Whenn the heave is
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anticipated to exceed about 300 mm, it is necessary to employ a heave
compensator system if high gquality samples are to be obtained. Heave
compensator systems allow the drill string and sampling equipment to be
isolated from the vertical movements of the craft (Blacker & Seaman, 1985).

Pontoons and barges should be anchored at the corners using anchor
lines at least five times the depth of water. In exposed waters, motorized
mooring winches are necessary.

14.4 WORKING BETWEEN TIDE LEVELS

Sinking boreholes between high and low tide levels may be achieved
using scaffold stagings, platforms (see Section 14.2) or flat-bottomed pontoons,
or by moving drilling rigs to the location during periods permitted by the
tides.

When it is intended to conduct drilling operations from flat-bottomed
craft resting on the seabed at low tide, the profile and condition of the
seabed should be assessed in advance.

14,5 LOCATING BOREHOLE POSITIONS

Close to shore, borehole positions and other investigation points can be
set-out by radiation from known shore stations with distances measured by
Electronic Distance Measuring (EDM) equipment. Further offshore, or when
visibility is bad, electronic position fixing techniques can be used.

Setting-out by radiation usually involves the initial placement of a
marker buoy within 5 m of the specified position. The marker buoy should be
fitted with a line of sufficient length to allow for tidal variations and wave
heaving. An auxiliary float on a 5 m line can also be tied to the marker buoy
to indicate the direction of the current. This will help in manoeuvering the
drilling craft into position. Once the drilling craft has been anchored over
the sinker of the marker buoy, further measurements from the known shore
stations can be taken. The position of the drilling craft can be adjusted by
means of anchor winches until the borehole is positioned within 1 m of the
required position. All borehole positions should be related to the 1980
Hong Kong Metric Grid, or if a site grid is used, the site grid should be
related to the 1980 Hong Kong Metric Grid such that standard co-ordinates
can be obtained.

14.6 DETERMINATION OF REDUCED LEVELS

Reduced levels are generally transferred to a drilling vessel from shore
by setting up a tide gauge close to the shore. The gauge Is read at frequent
intervals throughout the tidal cycles at the same time as readings of waler
depth are taken on the drilling vessel. Corrections may be necessary to allow
for tidal varrations when the distance between the tide gauge and the vessel is
signrificant.

Reading of the tide gauge can be facilitated by noting both the crest
and trough levels of at least six consecutive waves. An average of the mean
crest level and mean trough level can be adopted as the tide level at that
instant. The tide gauge should be referenced to Hong Kong's Chart Datum
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(which is 0.146 m below Principal Datum), so that the reading can be used to
obtain the reduced levels of the seabed and subsurface geological boundaries.

14.7 DRILLING, SAMPLING AND TESTING

Marine investigations commonly encounter interbedded marine and allu-
vial deposits underlain by weathered bedrock. Each stratigraphic horizon may
contain distinctly different materials and may require different investigatory
techniques (Beggs, 1983; see also Chapter 12).

For marine investigations, the rotary open hole method of advancing a
hole is preferred to the rotary wash boring method (see Section 18.7.1).
Drilling mud should be used as a flushing medium and to stabilize the hole
when casing is not required. Cable tool boring techniques may be used to
advantage in some situations, for example the identification of suitable marine
borrow areas. Rotary drilling with a retractable triple-tube core-barrel (see
Section 19.8) is often employed in soils derived from insitu rock weathering, as
for land-based investigations.

If a fixed platform is not used during sampling, particular care must be
taken to prevent sample disturbance due to heave. Continuous sampling of
soft soils can be undertaken with a Delft or Swedish foil sampler, but these
are particularly sensitive to heave and should only be attempted from a fixed
platform. With the Delft samplers, care should be taken to prevent necking of
the nylon jacket due to unbalanced fluid pressures, and ripping of the jacket
due to shells in marine deposits.

A range of field tests in boreholes is useful in marine investigations,
including standard penetration tests, vane shear tests and permeability tests.
Static cone penetration testing and geophysical testing are also of value. In
the case of vane shear tests, it is preferable to provide a stable support for
the equipment on top of a soft marine mud seabed (Fung et al, 1984).

A special category of marine investigations involving only shallow-depth
seabed materials is often required for pipeline foundations, pollution monitoring
and similar projects. Disturbed, shallow-depth seabed samples may be obtained
for these purposes with a grab sampler, gravity corer or vibrocorer. The grab
sampler is the simplest of these devices, but it can only obtain samples from
the uppermost 0.5 m of the seabed. The gravity corer normally consists of an
open barrel 3 m in length that is allowed to fall and penetrate the seabed
under its own weight. The vibrocorer is driven by a motorized vibrator and
can penetrate 3 to 6 m depending on the nature of the seabed materials. The
samples recovered using these methods are generally of poor quality but
nevertheless should be suitable for classification testing. The principal
advantage of these methods is the speed with which samples may be recovered
over a considerable area (Blacker & Seaman, 1985).
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15, PERSONNEL FOR GROUND INVESTIGATION

15.1 GENERAL

In view of the importance of ground investigation as a fundamental
component of the proper design and efficient and economical construction of
all civil engineering and building works, it is recommended that personnel
involved in the investigation should be familiar with the purpose of the work,
and should have appropriate specialized knowledge and experience.

15.2 PLANNING AND DIRECTION

The person planning and directing the ground investigation should be a
suitably qualified and experienced engineer or engineering geologist. This
person should have a university degree in civil engineering or geology, or an
equivalent professional qualification, and at least four years post-qualification
engineering experience, some of which should be local experience on projects
of a similar nature to the one being contemplated. If the ground conditions at
the site are anticipated to be complex and the safety and economy of the
project are significantly influenced by the ground conditions, the person
planning and directing the ground investigation should possess, in addition,
specialized qualifications or experience in geotechnical engineering, and
specialized knowledge in site investigation practice in Hong Kong.

The person planning and directing the ground investigation should be
thoroughly familiar with the project requirements and capable of liaising
effectively with the project designer or client throughout all phases of the
investigation (Figure 1). This person should determine the content and extent
of the investigation, direct the investigation in the field and laboratory, and
assess the results in relation to the project requirements. Part of these duties
may be delegated to geotechnical specialists or suitably trained and experienced
subordinates.

15.3 SUPERVISION IN THE FIELD

Ground investigation works should generally be carried out under the
supervision of a suitably qualified and experienced engineer or geologist,
assisted by trained and experienced technical personnel. The supervising
engineer or geologist should have a university degree in civil engineering or
geology, or an equivalent professional qualification, and at least four years
post-qualification engineering experience, some of which should have been in
ground investigations. Technical personnel should possess a certificate in civil
engineering from a polytechnic and at least one year of specialized training
and experience in ground investigations, including training in the proper
logging and description of ground conditions.

The supervising engineer or geologist should be full time or part time on
site, depending on such factors as the : '

(a) size of the investigation,

{b) nature of the project,



72

(c) complexity of the anticipated ground
conditions,

(d) complexity of the sampling and field testing schedule,

(e) reliability of the contractor's personnel undertaking
the ground investigation works.

Increasing size and complexity of the project, as well as increasing complexity
of ground conditions and investigation techniques, or decreasing reliability of
the contractor’'s personnel, should all lead to heavier time commitments for the
supervising engineer or geologist. The supervisor will normally be required
full-time on site whenever it is planned to carry out works which are critically
dependent on ahigh standard of workmanship for their success or safety. Only
when minor ground investigation works are undertaken for confirmatory
purposes, and where the works involve simple investigation techniques, should
full delegation of the supervision of the works to technical personnel be
contemplated.

Technical personnel will normally be required full-time on site. Several
technical staff may be required on site if a number of drilling rigs are operating
simultaneously, if several field tests or instrument installations are being
undertaken simultaneously, or if the works are widely scattered.

The supervising engineer or geologist should be aware of the type of
information required from the investigation, and should always maintain close
liaison with the engineer or engineering geologist directing the ground
investigation (see Section 15.2), or with the project designer, to ensure that the
project requirements are satisfied. In most cases, it is worthwhile for the
project designer to spend some time on site during the ground investigation
works in order to appreciate fully the actual ground conditions. Wherever
possible, the supervising engineer or geologist should be independent of the
contractor undertaking the ground investigation works. If this is not the case,
the engineer or engineering geologist planning and directing the ground
investigation should take steps toensure that there is an adequate level of site
supervision and that reliable information is obtained from the works.

15.4 LOGGING AND DESCRIPTION OF GROUND CONDITIONS

The supervising technical personnel {see Section 15.3) should be
responsible for recording the information obtained from boreholes or other
investigations as it arises. This information should include a measured record
of the subsurface profile with rock and soil descriptions, and a record of the
drilling and sampling techniques used. In complex ground conditions, or when
the information is particularly important, the supervising engineer or geologist
should record this information as it arises. In some cases, it may be necessary
to obtain specialist advice on the logging and description of ground conditions
(see Section 15.6).

Detailed descriptions of the ground conditions encountered and of all
rock and soil samples obtained should be made in accordance with Geoguide 3
(GCO, 1988), or a suitable alternative system. All personnel undertaking logging
and description of ground conditions should be thoroughly familiar with the
system to be used and suitably experienced in its application.
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-15.5 LABORATORY TESTING

The testing of soil and rock samples should be carried out in a
laboratory approved by the directing engineer or engineering geologist referred
to in Section 15.2. The laboratory testing should be done under the control of
a suitably qualified and experienced supervisor, and all laboratory technicians
should be skilled and experienced in the type of test they are conducting.
The laboratory testing schedule should be finalised only after selected samples
have been examined by the person directing the investigation or by the
supervising engineer or geologist. The latter should supervise the more
complex tests.

15.6 SPECIALIST ADVICE

Depending on the complexity of the ground conditions and the nature of
the project, specialist advice on particular aspects of the ground investigation
may be needed. For example, the advice of an experienced engineering
geologist may be required on such aspects as :

(a) full detailed geological descriptions of soils and rocks,

(b) differentiating fill from insitu materials, or boulders/
corestones from bedrock,

(¢) identifying and classifying colluvial deposits,
(d) rock mass classifications,

(e) geological and groundwater models of ground conditions
at the site.

Similarly, the advice of an experienced instrumentation specialist will be
invaluable for the planning, calibration, installation, commissioning and data
interpretation of the more complex geotechnical instruments.

15.7 INTERPRETATION

The interpretation of the ground investigation should be directed by the
engineer or engineering geologist referred to in Section 15.2, incorporating any
specialist advice obtained (see Section 15.6).

15.8 OPERATIVES

The driller in charge of an individual drilling rig should be skilled and
experienced in the practice of ground investigation by means of boreholes and
simple sampling and testing techniques. Operators of other equipment used in
ground investigations should have appropriate skills and experience. Any
timbering, shoring or other support required in excavations or caissons should
be installed only by suitably skilled workmen. All operatives should be familiar
with and observant of safety precautions (see Appendix E).
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16, REVIEW DURING CONSTRUCTION

16.1 GENERAL

There is an Inherent difficulty in forecasting ground conditions from
ground investigations carried out before the works are started since, fiowever
Intensive the investigation and whatever methods are used, only a small
proportion of the ground is examined.

16.2 PURFOSE

The primary purpose of the review during consiruction is to determine
to what extent If any, In the Ilight of the conditions newly revealed,
conclusions drawn from the ground rnvestigation are reguired to be revised.

In some cases, additional information s found whick may necessitate
amendment of the design or the construction procedures. In ceriain cases, Il
may therefore be appropriate to initiate a site procedure in the early stages of
the contract, so that correct and agreed records are kept during the duration
of the contract by both the engineer and the contractor. Fhe purposes of
these records are -

ra) to assist in checking the adeguacy of the design,

rb) fo assist in checking the safety of the works during
construction and to assess the adeguacy of temporary
works,

rc) to check the ffndings of the ground investigation and to
provide a feed-back so that these findings may be

reassessed,

rd) to check initial assumplions about ground conditions,
including groundwater, refated to construction methods,

fe) to provide agreed information about ground conditions in
the event of dispulte, '

(f) to assist in checking the surtabifity of proposed
instrument installations,

fg) to assist in deciding the best use to be made of
excavated materials,

() to assist in the reassessment of the initial choice of
construction plant and equipment.

16.3 INFORMATION REQUIRED
16.3.1 Soil and Rock
Accurate descriptions of all material encountered below ground level

should be made in accordance with Geoguide 3 (GCO, 1988), or a suitable
alternative system. The subsurface profile revealed on site sfrioufd be recorded
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and compared with that anticipated from the ground rnvestrgation. The
descriptions should be made by an engineer or geologist (see Section /5.4). [t
may be advantageous to arrange for the site to be inspected by the
organization that carried oul the site investigations, particularly if ground
conditions appear lo differ significantly from those described in the ground
investigation.

16.3.2 Water

It is most Important to record accurately all rnformation about the
groundwater obtarned during construction, for comparison with information
recorded during the investigation. Ifhe information should cover the flow and
static conditions in all excavations, seepage from slopes, seasonal varrations,
tidal variations in excavations or tunnels pear the sea or estuaries, suspect or
Anown artesian conditions, the effect of weather conditions on groundwaler,
and any unforeseen seepage under or from water-retaining structures. The
elffect of groundwater lowering should also be recorded in observation Hholes to
determine the extent of the cone of depression.

Groundwater rises due to the damming effects of new construction or
temporary works should likewise be recorded.

16,4 INSTRUMENTATION

on many types of structures, such as earth dams, embankments on soft
ground, some large buildings with vnderground construction, excavations and
tunnels, It Is prudent to consider regular observations by means of
instrumentation in order to check that construction works can proceed safely
{Bureau of Reclamation, 1987; DiBiagio & Myrvoll, 1982). JSwch observations
may include measurement of pore pressure, seepage, eartl pressure. settlement
and lateral movements (see also Sections &2 283 and 31.2). The
instrumentation may be usefully continued after construction in order to
observe the performance of the project. I'his is particularly necessary In the
case of earth dams for maintaining a safe structure under varying conditions,
and in other cases for gaining valuable data for future desrgn.

For projects involving slopes, it is common practice in Hong Kong to
monitor groundwater levels and pore pressures, and their response to rainfall.
Methods of measuring pore water pressures are given in Chapter 20. In many
situations, it will also be essential to monitor movements and the condition of
nearby buildings and structures.
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PART IV
GROUND INVESTIGATION METHODS
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17. INTRODUCTION TO GROUND INVESTIGATION METHODS

There is a considerable variety of methods of ground investigation, and
normally a combination of methods is employed to cover the technical
requirements and the range of ground conditions that are encountered. The
factors involved in the selection of methods are discussed in Chapters 7 to 16.
Particular attention should be paid to the safety of existing features,
structures and services in the course of ground investigation. Advice on
planning and control is given in Section 7.2 (see also Appendix A). The
selection of methods may be influenced by the character of the site (see
Section 11.2), and particular ground conditions often dictate which specific
investigation technique should be used (see Chapter 12). Attention should also
be given to the safety of personnel (see Appendix E).

Insity lests that are carried owut In boreholes as part of a borefiole
investigation are described in Chapter 2i. Other Insitu tests, for which a
borefiole either Is unnecessary or is onfy an Incidental part of the test
procedure, are described in Chapters 24 to 33. Laboratory tests on soll and
rock are discussed in Chapters 34 to 38. The collection and recording of data
Is discussed in Chapters 39 and 40.
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18, EXCAVATIONS AND BOREHOLES

18.1 SHALLOW TRIAL PITS AND SLOPE SURFACE STRIPPING

Shallow trial pits are usually dug by hand using a pick and shovel,
and commonly extend to a depth of about 3 m. It is essential that the pit
sides are guarded against sudden collapse in order to protect personnel
working in the pit. For this purpose, timber shoring is usually provided
when excavation is deeper than 1.2 m. The spacing of the shoring should
be sufficiently wide to allow inspection of the pit sides. Shallow trial
pits may also be dug by machine; a hydraulic back-hoe excavator is the
most commonly used.

Shallow trial pits permit the insitu condition of the ground to be
examined in detail both laterally and vertically, and allow mass
properties to be assessed. They also provide access for taking good
quality (block) samples and for carrying out insitu tests. Trial pits are
particularly useful for investigating and sampling soils derived from
insitu rock weathering and colluvium, both of which often exhibit a high
degree of variability. Pits may also be used to investigate the
dimensions and construction details of old retaining walls, and to
ascertain the exact position of buried utilities and services.

The field record of a shallow trial pit should include a plan giving
the location and orientation of the pit, and a dimensioned section sh0w1ng
the sides and floor,. Ground conditions should be fully described in
accordance with Geoguide 3 (GCO, 1988) or a suitable alternative system,
and samples taken should be fully documented. Two examples of trial pit
logs are given in Figures 7 and 8. Logs should always be supplemented
with colour photographs of each face and of the base of the pit. The
positions and results of any field testing should also be recorded, such
as insitu density tests or Schmidt hammer, hand penetrometer and hand
shear vane index tests.

Material excavated from trial pits should be stockpiled in such a
manner that it does not fall back into the pit or cause instability of the
pit excavation, e.g. by surcharging the adjacent ground. Wooden hoardings
anchored by steel bars driven into the ground are often used on steep
slopes to retain spoil from falling back into the pit. The spoil should
be placed and covered so as not to be washed downhill during rainstorms
or allowed to enter surface drainage systems.

It is advisable to backfill pits as soon ag possible after logging,
sampling and testing have been completed, since open pits can be a hazard.
Recommendations on backfilling are given in Section 18.9. Pits that must
be left open temporarily should be covered and sealed so that rain water
cannot enter; they should also be securely fenced off if readily
accessible by the public.

Trial pits can be extended readily into trenches or slope surface
stripping. The latter is used extensively in Hong Kong to investigate
both natural and man-made slopes, and generally consists of a 0.5 m wide
strip, extending from the crest to the toe of the slope, in which the
ground has been 1laid bare of vegetation, chunam plaster or other
coverings. Bamboo scaffolding or access ladders are provided for
inspection, logging and reinstatement.
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An example of a log sheet for slope surface stripping is given in
Figure 9. Colour photographs of salient geological features revealed by the
stripping should always be obtained. Fill is sometimes used to smooth the
surface of a cut slope before application of the chunam plaster; if this is
encountered in slope stripping the depth of excavation should be increased if
possible to reveal the true nature of ground beneath.

18.2 DEEP TRIAL PITS AND CAISSONS

Deep trial pits, shafts and caissons are normally constructed by hand
excavation using various methods for supporting the sides. Temporary or
permanent liners are necessary for the protection of personnel working in
these excavations, but it is also necessary to consider the need to expose the
ground for inspection and logging; considerable judgement and experience is
often required to establish suitable procedures for such excavations.

Hand-dug caissons 1 m in diameter and larger are commonly used in
Hong Kong for foundation construction to depths of 30 m or more. Typically,
cast-insitu concrete liners are used in soil, while the caisson is left unlined in
rock. These caissons may be particularly useful for the investigation of rock
at or near the founding level of large foundations (Irfan & Powell, 1985). An
example of a caisson log is given in Figure 10. It is recommended that the
guidance notes on the technical and safety aspects of hand-dug caissons issued
by the Hong Kong Institution of Engineers (HKIE, 1981) should be followed.

Working in deep shafts will be dangerous unless the appropriate safety
precautions are strictly followed. Attention should be grven to the possible
occurrence of Injurious or combustible gases or of oxygen deficiencres.
Correct methods of inspection should be followed and appropriate precautions
should be taken (see Section 7.2 and Appendix E). Oxygen-consuming engines
that emit toxic exhaust fumes, such as petrol-driven pump motors, should not
be employed in shafts.

18.3 HEADINGS OR ADITS

Headings are driven from the bottom of shafts or laterally into sloping
ground, and can be used for the insitu examination of the ground or existing
foundation structures, and for carrying out special sampling or insitu testing.
Further considerations are given in BSI (1981a).

18. 4 HAND AUGER BORING

The hand auger boring method uses light hand-operated equipment. The
auvger and drill rods are usually fifted out of the borehole without the aid of a
tripod, and no borehole casing Is used. Boreholes up to 200 mm diameter may
be made In suitable ground conditions to a depth of about 5 m. The method
can be used In self-supporting ground without hard obstructions or grave/-sized
to boulder-sized particles. Hand auger boreholes can be used for groundwater
observations and to obtain disturbed samples and small open-tube samples.



83

18.5 LIGHT CABLE PERCUSSION BORING

Light cable percussion boring is an adaptation of common well-boring
methods, employing a clay cutter for dry cohesive soils, a shell (or
bailer} for granular soils, and a chisel for breaking up rock and other
hard layers. The drill tools are worked on a wire rope using the clutch
of the winch for percussive action. The shell can only be used when there
is sufficient water in the borehole to cover the lower part of the shell.

Light cable percussion boring cannot be used for boring into or
proving rock, and it is severely restricted in bouldery ground where the
frequent use of a heavy chisel is required. The widespread occurrence in
Hong Kong of bouldery colluvium and corestone-bearing scils derived from
insitu rock weathering has therefore curtailed the use of light cable
percussion boring, as has the widespread need to core into and prove rock.
However, the method can be used to investigate the finer-grained marine
sediments and alluvium found in the flat coastal areas.

18.6 MECHANICAL AUGERS

Mechanical augers, comprising a continuous-flight auger and a hollow
stem, are suitable for augering soft cohesive scils and may be suitable
for firm cohesive soils. They are of limited use in soils with boulders
or corestones and are therefore seldom used in Hong Kong. Further
considerations are given in BSI (1981la).

18.7 ROTARY OPEN HOLE DRILLING AND ROTARY CORE DRILLING
18.7.1 General

Rotary drilling, in which the drill bit or casing shce is rotated
on the bottom of the borehole, is the most common method of subsurface
exploration used in Hong Kong (Chan & Lau, 1986). The drilling fluid,
which is pumped down to the bit through hollow drill rods, lubricates the
bit and flushes the drill debris up the borehole. The drilling fluid is
commonly water, but drilling mud or air foam are often used with advantage
{see Section 18.7.2).

There are two basic types of rotary drilling : cpen heole {or full
hole) drilling, in which the drill bit cuts all the material within the
diameter of the borehole; and core drilling, in which an annular kit fixed
to the outer rotating tube of a core-barrel cuts a core that is returned
within the inner stationary tube of the core-barrel and brought to the
surface for examination and testing. Drill casing is normally used to
support unstable ground or to seal off open fissures which cause a loss
of drilling fluid. Alternatively, drilling mud or cement grout c¢an be
uged to seal open fissures.

In ground investigations, rotary core drilling has the important
advantage over rotary open hole drilling of providing a core sample while
the hole is being advanced, and it is recommended for most situations.
In rotary open hole drilling, drill cuttings brought to the surface in the
flushing medium can only provide an indication of the ground conditions
being encountered. However, rotary open hole drilling is useful for rapid
advancement of a borehole required for field testing or instrument instal-
lation, and samples may be obtained between drill runs even when the open
hole technique is used.
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Water used as a flushing medium in rotary drilling may have a
deleterious effect on both the stability of the surrounding ground and on the
samples obtained, and its use must be carefully considered (see Section 18.7.2).
A crude adaptation of the rotary cpen hole method, often termed rotary wash
boring, may be particularly detrimental in this regard. This method involves
advancing the hole by casing alone, with the inside of the casing cleaned out
by surging and flushing. Water pressures sufficient to flush the casing are
often high and may lead to increased pore pressures (or reduced pore suctions)
in the surrounding ground. When drilling on a slope or behind an old masonry
retaining wall, for example, this may be detrimental to stability and may
actually trigger rapid collapse. Also, in soils containing gravel-sized
fragments, it is impossible to flush out, all the coarse fragments, irrespective
of the water pressure employed, and they will accumulate in the base of the
hole. These fragments will affect the representativeness of further sampling
and testing done in the borehole. In soft or leose ground, the flushing water
may not only carry the cuttings up through the casing, but also up around the
outside of the casing, thus creating a large zone of disturbed material which
can extend for some distance below the bottom of the hole. As a result,
samples obtained from rotary wash boring may be disturbed, at least over a
portion of their length. In marine investigations, the standard rotary open
hole method should therefore be used in preference to rotary wash boring (see
Section 14.7). :

Rotary drilling rigs are available in 2 wide range of weights and power
ratings in Hong Kong. Rigs are normally skid mounted, with a typical
configuration as shown in Figure 11. They are commonly available with a
power rating in the range of 10 to 50 horsepower and capable of stable drill
string rotation up to 1 500 or 2 000 rpm. Drilling rigs should be mounted on
a stable platform such that a force of 12 to 15 kN can be applied to the drill
bit without movement of the rig. In choosing a rig, consideration must be
given to the expected depth and diameter of the hole to be drilled, the
possible casing requirements, and site access. Rigs should generally have a
minimum ram stroke length of 600 mm, and be able to operate with a minimum
of vibration. The sizes of commonly-used core-barrels, casings and drill rods
are shown in Table 5.

Smaller scale rotary drilling rigs are also available and can sometimes be
used to great advantage in special situations. Hand-portable rotary core drills
may often be useful for coring through existing concrete or masonry retaining
walls; horizontal boreholes often enable the wall thickness and backf{ill
materials to be determined.

Drilling rs in part an art. and Its success is dependent upon good
practice and the skill of the operator, particularly when coring weathered,
weak, partially cemented and fractured rocks, wihere considerable expertrse is
necessary to obtain full recovery of core of satisfactory quality. This Is
greatly rinfluenced by the choice of core-barrel and cutirng bit type (see
Section 19.8) and by the method of extruding, handling and preservation of the
core (see Section 19.10.5).

18.7.2 Flushing Medium

Careful selection of a flushing medium which is compatible with the
equipment employed and suitable for the ground to be drilled is very
important. Water is the simplest flushing medium. Other fluids used as
flushing media are drilling muds (which consist of water with clay or
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bentonite), water with an additive such as sodium chloride, air foams and
polymer mixtures. The main advantage of these other flushing media is that
drill cuttings may be removed at a lower flushing velocity and with less
disturbance to the ground. The use of drilling mud can also minimise the need
for casing of the hole, as it helps to stabilise the sides and bottom of the
hole in caving soils. Another advantage of drilling mud is that it can reduce
soil disturbance and hence improve sample quality. However, drilling mud is
not recommended if permeability tests are to be carried out in the borehole, or
if piezometers are to be installed. Further guidance on the use of drilling mud
is given by Clayton et al (1982).

The use of air foam as a flushing medium has enabled increased core
recovery and quality to be achieved in colluvium and soils derived from insitu
rock weathering (Phillipson & Chipp, 1981; 1982). This technique involves the
injection of foaming concentrate and water into the air stream produced by a
low volume, high pressure air compressor, as shown diagrammatically in
Figure 12. A polymer stabiliser is added when drilling below the water table.
The foam is forced down the drill rods in the conventional manner, and a
slow-moving column of foam with the consistency of aerosol shaving cream
carries the suspended cuttings to the surface. Compared with water, the air
foam has a greater ability to maintain the cuttings in suspension, and the low
uphole velocity and low volume of water utilized serve to reduce disturbance
of the core and surrounding ground. The air foam also resists percolation into
open fissures, and it stabilises the borehole walls. The polymer stabiliser,
however, has the disadvantage of coating the walls of the hole such that insitu
permeability testing may not be representative.

When investigating potentially unstable slopes, or when drilling into
failed slopes to obtain samples from the slip zone, the use of water as the
flushing medium may not be advisable (see Section 18.7.1). Air foam flushing,
or in some instances, air flushing should be considered to reduce the risk of
slope movement in such cases.

18.7.3 Inclined Drilling

Inclined boreholes can often be used to great advantage in ground
investigations (McFeat-Smith, 1987; McFeat-Smith et al, 1986). While they are
generally more costly than similar vertical holes, they often allow additional
geological data to be obtained.

Inclined holes may be found to deviate in both dip and direction from
the intended orientation (Craig & Gray, 1985). This is particularly common in
the vertical plane due to the weight of the drill rods. Some of the factors
which contribute to deviation are :

(a) worn and undersized drill rods, rods much smaller
than the borehole, and overly flexible rods,

(b) drilling rig rotation and vibration, which tends to
produce spiraling in the hole, and

(c) difficult ground conditions, such as bouldery soils or soils
containing corestones.

In situations where deviation is detrimental, it can be minimised by the
use of securely-anchored drilling rigs and platforms, a very stiff drill string
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and core-barrels at least 3 m long coupled to drill rods of the same diameter
as the core-barrel or to rods fitted with centralizers. Directional control may
also be achieved by careful adjustments to rotational speeds, thrust pressures,
and the location of centralizers placed on the drill rods. In some difficult
ground conditions, such as colluvium containing very hard boulders within a
loose soil matrix, it may be very difficult to control the deviation of inclined
holes.

Several instruments are available for measuring borehole orientation or
deviation, such as the Eastman-Whipstock single-shot or multi-shot photo-
graphic survey tools, the Pajari mechanical single-shot surveying instrument
and the ABEM Fotobor multi-shot photographic probe. The function of the
Eastman and Pajari tools is to record the orientation of a gimballed magnetic
sphere, by photographic and mechanical means respectively. This precludes the
use of these instruments within steel casings or attached to steel rods, or in
areas where other magnetic disturbances may be anticipated. The ABEM
Fotobor records cumulative deflection measurements photographically within the
borehole and it can be used within steel casings. Multi-shot tools such as the
ABEM Fotobor, or the multi-shot version of the Eastman-Whipstock tool, are
useful for undertaking complete borehole surveys, but may be cumbersome for
taking repeated deviation checks during drilling, in which case single-shot
tools may be preferable.

18.8 WASH BORING AND OTHER METHODS

18.8.1 Wash Boring

Wash boring utilizes the percussive action of a chisel bit to break up
material that is flushed to the surface by water pumped down the hollow drill
rods. In ground which is liable to collapse, casing may be driven down to
support the sides of the borehole, or drilling mud may be used. The fragments
of soil brought to the surface by the wash water are not representative of the
character and consistency of the materials being penetrated, and the flushing
water may disturb the surrounding ground in the same manner as the rotary
wash boring method discussed in Section 18.7. For these reasons, wash boring
is seldom used in Hong Kong.

18.8.2 Other Methods of Boring

There are many other methods of boring, which have been developed
generally to obtain maximum penetration speed, e.g. rotary percussive drilling
for blast holes and grouting. When such boreholes are sunk for purposes other
than ground rnvestigation, limited rnformation about ground conditions may be
obtained, provided that the boreholes are drilled vnder controfled conditions,
with measurement of rate of penetration, observation of drilling characteristics,
and sampling of the drilling flushings (Horner & Sherrell, 1977},

One such rotary percussive method is the Overburden Drilling Eccentric
method, or ODEX (Plate 4A), which is based on the principle of under-
reaming. During drilling in soil, an eccentric reamer bit swings out and drills
a hole larger than the outer diameter of the casing, which is inserted at the
same time as the hole is being advanced. The percussive action may be
provided by either a top hammer or a down-the-hole hammer. When the
desired depth has been reached, the drill rods are rotated in a reverse
direction to allow the reamer to be folded in and the bit to be retracted
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through the casing, which remains in the hole. Drilling may then be further
extended into rock by replacing the ODEX bit with a normal rock drill bit.
This method is not commonly used in ground investigations as no intact
samples are obtained, but it has been used in Hong Kong to install long
horizontal drains in colluvium (Craig & Gray, 1985) and for drilling through
bouldery fill to prove the bedrock profile. It may also be a useful technique
for the location of cavities in karst terrain (Horner & Sherrell, 1977).

18.9 BACKFILLING EXCAVATIONS AND BOREHOLES

Poorlyv-compacted backfill will cause settlement at the ground surface
and can act as a path for groundwater. The latter effect can cause very
serious Inconvenience if the backfilled excavations or boreholes are on the site
of future deep excavations, tunnels or water-retaining structures. It could also
lead to the future pollution of an agquifer. For boreholes in dry ground, it Is
possible to use compacted soll as a backfill, although the procedure is often
unsuvccessful in preventing the flow of water. The best procedure is to refil/
the borehole with a cement-based grout introduced at the Jlowest point by
means of a tremie pipe. Cement alone will not necessarily seal a borehole, on
account of shrinkage, and it Is often preferable to use a cement-bentonite
grout, e.g. mix proportions about four to one, with no more waler added than
Is pecessary to permit the grout to flow or to be pumped. The addition of an
expanding agent may be necessary. It Is possible to compact the backfill of
excavations by means of the excavator bucket or other mechanical means. In
some cases, weak concrete may be used, e.g. to fill a small hole on a steeply
slopling face.
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19, SAMPLING THE GROUND

19.1 GENERAL

The main purposes of sampling are to establish the subsurface geological
profile in detail, and to supply both disturbed and undisturbed materials for
laboratory testing. The selection of a sampling technique depends on the
quality of the sample that is required and the character of the ground,
particularly with regard to the extent to which disturbance occurs before,
during or after sampling. The principal causes of soil disturbance are listed in
Table 6 (Clayton et al, 1982) and are further discussed by Clayton (1984).

It should be borne in mind that the overall behaviour of the ground is
often dictated by planes or zones of weakness which may be present (e.q.
discontinuities}). Therefore, it is possible to obtain a good sample of material
that may not be representative of the mass. Because of this, and the frequent
need te modify the sampling technique to suit the ground conditions, very
close supervision of sampling is warranted (see Chapter 15). In choosing a
sampling method, it should be made clear whether mass properties or intact
material properties are to be determined (see Section 12.11). The distinction
between mass and material properties is discussed further in Geoguide 3 (GCO,
1988).

There are four main fechinigques for obtaining samples (Hvorslev, 1948):

(a) taxing disturbed samples from rhe drill tools or from
excavaling equipment in the course of boring or
excavalion (see Sectron /9 3/,

(b)) drive sampling, in wihich a tube or split tube sampler
having a sharp culling edge at its fower end is forced
into the ground erther by a static thrust or by dynamic
impact rsee Sections 19.4 to /9.7),

fc/) rotary sampling, In which a tube with a cutter at Its
lower end is rotated into the ground. thereby producing
a core sample (see Section /9.8,

(d) taking block samples specially cut by hand from a trial
PIL, shaft or heading (see Section 7/9.9),

Samples obtained by techniques (b), (c) and (d) will often be sufficrently
Intact to enable the ground structure within the sample to be examined. The
quality of such samples can vary consrderably, depending on the techinigue and
the ground conditions, and most will exhibit some degree of disturbance. A
method for classifying the quality of the sample is griven in Section 19.2.
Sections [9.3 to /9.9 describe the various sampling technigues and give an
indication of the sample qualities that can be expected. Intact samples
obtained by techniques (b}, (c) and (d) are usvally taken in a vertical
direction, but specially orientated samples may be required fto investigale
particular features.

The mass of sample required for various purposes is determined by the
character of the ground and the tests that are to be undertaken. Guidance on
the mass of soil sample required for different laboratory tests is given in
Table 7.
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A summary of the typical sampling procedures for materials commonly
encountered in Hong Kong is given in Table 8, which should be read in
conjunction with Sections 19.3 to 19.9,

192.2 SAMPLE QUALITY

The sampling procedure should be selected on the basis of the quality of
the sample that Is required, and is assessed largely by the suitability of the
sample for appropriate [laboratory tests. A classification for soll samples
developed In Germany (Idef et al, 1969} provides a useful basis for classifyving
samples in terms of quality (Table 2).

In some cases, whatever sampling methods are used, it will onfy be
possible to obitain samples with some degree of disturbance, I.e. class 2 at best.
The results of any strength or compressibility tests carried out on such
samples should be treated wirth caution. Samples of classes 3, 4 and 5 are
commonly regarded as 'disturbed samples’.

A further consideration in the selection of procedures for taking class 1/
samples I's the size of the sample. This Is determined largely by the geological
structure of the ground, which, for soil, Is often referred to as 'the fabric’
(Rowe, 1972). Where the ground contains discontinuitries of random orfentation,
the sample diameter, or width, should be as large as possible in relation to the
spacing of discontinuities. Alternatrvely, where the ground contains strongly
orientated discontinuities, e.q. in jointed rock, it may be necessary lo lake
samples which have been specially orientated. For ffne solls that are
homogeneous and Isotropic, samples as small as 35 mm in driameter may be
used. HMNowever, for general use, samples 100 mm in diameter are preferred
since the results of laboratory tests may then be more representative of the
mass properties of the ground. In special cases, samples 150 mm and 250 mm
in diameter are used (Rowe, [972/,

BST (19735, 1975c) give precise detalls of the mass of soil sample
reguired for each tyvpe of test. Where the approximate number of testis Is
known, It Is a simple matter to estimate the tolal amount of sofl that fhas to
be obtained. If the programme of laboratory tests Is uncertain, Table 7 gives
some guidance on the amount of soil that should be obtained for each series of
lests. Where materials for mineral aggregates, sands and filters are being
considered, details of the size of sample required are given in BSIT (1975a).

i19.3 DISTURBED SAMPLES FROM BORING TOOLS OR EXCAVATING EQUIPMENT

The quality of the sample depends on the technique used for sinking the
borehole or excavation and on whether the ground Ifs dry or wet When
disturbed samples are taken from below water in a borehole or excavation,
there is a danger that the samples obtained may not be truly representative of
the ground. This is particularly the case with granular solls containing fines,
which tend to be washed out of the tool. This can be partly overcome by
placing the whole contents of the tool into a tank and allowing the fines to
settle before decanting the waler.

The following classes of sample can generally be expected from the
various methods of boring and sampling .
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@) class 3. Disturbed samples from dry excavations and
from dry boreholes sunk either by a clay cutter using
cable percussion equipment or by an auvger.

b)) class 4 DPisturbed samples obtained In cofesive soirl
from excavations, or from boreholes sunk erther by a
clay cutter using cable percussion eguipment, or by an
auger. in conditions where water Is present.

(c) Class 5 Disturbed samples in granular soil from wet
excavations or from any boreliole sunk by a shell using
cable percussion equipment or from any borefiole sunk by
a method In which the drill debris is fHushed ouvt of the
borehole, e.qg. rotary open hole drilling, wash boring.

care should be taken to ensure that the sample is representative of the
zone or layer from which it is removed, and has not been contaminated by
other materials.

19.4 OPEN-TUBE SAMPLERS
19.4.1 Principles of Design

(1} Ceneral. Open-tube samplers consist essentially of a tube that is
open at one end and fitted at the other end with means for attachment to the
drill rods. A nom-return valfve permits the escape of alr or water as the
sample enters the tube, and assists In retaining the sample when the tool is
withdrawn from the ground. Frigure 13 shows the basic detarils of a sampler
suitable for general use having a single sample tube and simple cutting shoe.
The use of sockets and core-catcfrer Is discussed in Section /9.4.4 An
alternative sampler incorporates a detachable inner liner.

The fundamental requirement of a sampling tool is that it should cause
as Ilittle remoulding and disturbance as possible on being forced rnto the
ground. The degree of disturbance is controlled by three features of the
design . the cutting shoe, the inside wall friction and the non-return valve.

(2) The cutting shoe. The cutting shoe should normally be of a design
similar to that shown In Figure 13 and 1t should embody the following features

(a) Inside clearance. The Internal diameter of the cutting
shoe, D., should be slightly less than that of the sample
tube, D,, to give inside clearance, tyvpically about 1% of
the diameter. This allows for slight elastic expansion of
the sample as It enters the tube, reduces frictional drag
from the inside wall of the tube and helps to retain the
sample. A large inside clearance should be avolded since
1t would permit the sample to expand, thereby increasing
the disturbance.

(b) Outside clearance. The outside diameter of the cutting
shoe, D., should be slightly greater than the outside
diameter of the tube, Dy, to give outside clearance and
Lacilitate the withdrawal of the sampler from the ground.

- The outside clearance should not be much greater than
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the inside clearance.

(c) Area ratio. rhe area ratio represents the volume of soil
displaced by the sampler in proportion to the volume of
the sample (Figure 13). It should be kept as small as
possible consistent with the strength requirements of the
sample tube. The area ratio Is aboutr 30% for the general
purpose 100 mm diameter sampler, and about 10% for a
thin-walled sampler. Some special samplers fhave a large
outside diameter Dy, relative to the Internal diameter 2.,
e.g. in order to accommodate a loose rnner liner. [The
sampling disturbance Is reduced by using a cutting shoe
that has a long outside taper, and Is considerably less
than that which would be expected from the calculsted
area ratlo.

(3) Wall friction. This can be reduced by a suitable inside clearance,
and by a clean, smooth finish to the inside of the tube.

(4} Non-return valve. The non-return vaive should have a large orifice
to allow afr and water to escape quickly and easily when driving the sampler,
and to assist in retention of the sample when removing the sampler from the
borefiole.

Typical designs of open-tube samplers which are used for various
purposes are described in Sections 19.4.3 to i19.4.5.

19.4.2 Sampling Procedure

Before a sample is taken, the bottom of the borelole or surface of the
excavation or feading should be cleared of loose or disturbed material as far
as possible. Some or all of any such loose or disturbed material that is Jleft
will normally pass into the ‘overdrive' space.

Relow the water table, certain types of laminated sofls occurring below
the bottom of the borefhole or excavation may be disturbed if the natural
waler pressure In the laminations exceeds the pressure imposed by the water
within the borehole or excavation. To prevent this effect, It is necessary lo
keep the level of the borehole water above the groundwater level appropriate
to the location of the sample.

The sampler can be driven into the ground by dyvmamic means, using a
drop weight or sliding hammer, or by a continuous static thrust, using a
hydraulic jack or pulley block and tackle. Fhere is little published evidence to
Indicate whether dvnamic or static driving produces less sample disturbance,
and for most ground condrtions it is probable that there is no significant
drfference. The driving effort for each sample may be recorded as an
indication of the consistency of the ground.

The distance that the tool is driven should be checked and recorded as,
If driven too far, the soil will be compressed in the sampler. A sampling head
with an ‘overdrive' space (Figure 13) will allow the sample tube to be
completely filled without risk of damaging the sample. After driving, the
sampler is steadily withdrawn. The length of sample that is recovered should
be recorded, compared with the distance that the tool was driven, and any
discrepancy investigated. For example, If the lengih of the sample Is less than
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the distance driven, the sample may have experienced some compression or,
afternatively, the sample toof may fhave permitted the sample to slip out as the
tool was being withdrawn. v

19.4.3 Thin-Walled Samplers

Thin-walled samplers are used for soils that are particularly sensitive to
sampling disturbance, and consist of a thin-walled steel tube whose lower end
Is shaped to form a cutting edge with a small inside clearance. The area ratio
Is about 108. These samplers are surtable only for fine soils up to a firm
consistency, and free from large particles. They generally give class | samples
in all fine cohesive soils, including sensitive clays, provided that the soll has
not been disturbed by sinking the borehole. Samples between 75 mm and
100 mm In diameter are normally obtained: samples up to 250 mm Iin diameter
are often obtained for specral purposes. It should be noted that disturbance at
the base of a borehole in weak soll will occur below a certain depth because
of stress relief. Piston samples penetrating well below the base of the
borelole are therefore preferable (see Section 19.5). A typical thin-walled
sampler is illustrated in Figure /4.

19.4.4 General Purpose 100 mm Diameter Open-Tube Sampler

The 100 mm diameter open-tube sampler, often termed the U100 sampler
(Plate 4B), is a fairly robust sampler that can be used for many Hong KXong
soils, but the driving action during sampling is likely to introduce some
disturbance. The highest sample quality that can be obtained is class 2 at best
{Whyte, 1984).

The details of the sampler is illustrated in Figure 13 and consists of a
sample barrel, about 450 mm in length, with a screw-on cutting shoe and drive
head. The area ratio Is about 308. Sample barrels can be coupled together
with screw sockels to form a longer sampler. Two standard barrels, forming a
sampler about 1.0 m in length, are often used for sampling soft clays (Serota
& Jennings, 1958), although the increased length of the sample tube may lead
lo somme disturbance. In soils of low coliesion, such as silt and silty fine sand,
the sample may fall out when the tool is withdrawn from the ground. Sample
recovery can be improved by inserting a core-catcher between the cutting edge
and the sample barrel. When using a core-catcher, the sample quality is
unlikely to be better than class 3.

Smaller samplers of about 5¢ mm or 75 mm diameter can be used if use
of the 100 mm sampler Is precluded by the borefole size. The smaller
samplers are of similar design, except that the cutting edge may not be
detachable.

19.4.5 Split Barrel Standard Penetration Test Sampler

The split barrel sampler is used in the standard penetration test and Is
described in Test 19 of BSI (1975b). It takes samples 35 mm in diameter and
has an area ratio of about 100%. It Is used tlo recover small samples,
particularly under conditions which prevent the use of the general purpose
100 mm sampler. and gives class 3 or class 4 samples (see Section 21.2 and
Figure 25J.
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19.5 THIN-WALLED STATIONARY FPISTON SAMFPLER

The thin-walled stationary piston sampler (Plate AC) consists of a thin-
walled sample tube containing a close-fitting sliding piston, which is slightly
coned at Its lower face. The sample tube is fitted to the drive head, which is
connected to hollow drill rods. The piston Is fixved to separate rods which
pass through a sliding joint in the drive head and up inside the /ollow rods.
Clamping devices, operated at ground surface, enable the piston and sample
tube to be locked together or the piston to be held stationary while the
sample tube is driven down. Figure 15 shows the basic detafls of a stalionary
piston sampler. The sample diameter is normally 75 mm or 100 mmn, but
samplers up to 250 mm diameter are used for special soil conditions.

Initially, the piston is locked to the lower end of the sample tube to
prevent water or slurry from entering the sampler. In soft clay, with the
piston Iin this position, the sampler can be pushed below the botiom of the
borefole. When the sample depth Is reached, the piston Is held stationary and
the sample tube Is driven down by a static thrust until the drive fhead
encounters the upper face of the piston. An automatic clamp in the drive
head prevents the piston from dropping down and extruding the sample while
the sampler is withdrawn.

The sampler Is normally used in low strength fine soils and gives class 1
samples In silt and clay, Including sensitive clay. Its ability to take samples
below the disturbed zone and to hold them during recovery gives an advantage
over the thin-walled sampler described in Section 19.4.3. Although normally
used in soft clays, special piston samplers have been designed for use in stff
clays (Rowe, 1972/

12.6 CONTINUOUS SOIL SAMPLING
19.6.1 General

Continuous soil sampling can produce samples up to 30 m in length in
soils such as recent fine alluvial deposits. This Is of particular value for
Identifyving the soil 'fabric’ (Rowe, 1972) and gives results superior to those
which can be obtained by consecutive drive sampling. The Swedish system
Kjellman et al, 1950) takes samples 68 min In diameter using steel folls to
eliminate Inside friction between the sample and the tube wall The Delft
system, which uses lighter equipment and offers two sizes of sample, Is
described more fully in Section 12.6.2.

19.6.2 The Delft Continuous Sampler

The Delft continuous sampler, developed by the Laboratorium voor
Grondmechanica of Delft Holland, Is available in two sizes to take continuous
samples 29 mm and 66 mm In diameter (Delft Soll Mechanics Laboratory, 1977).
The 66 mm sampler Is pushed into the ground with a conventional Dutclr deep
sounding machine having a thrust of 200 kN. The sampler is advanced by
pushing on the steel outer tubes, and the sample Is fed automatically into a
nylon stockinette sleeve which has been treated to make it impervious. The
sample within the sleeve is fed into a thin-walled plastic inner tube filled to
the appropriate level with a bentonite-barytes supporting fluid of similar
density to the surrounding ground. The upper end of the nylon sleeve is fixed
to the top cap of the sample, which is connected through a tension cable to a
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lixed point at the ground surface. Extension tubes 1 m In length are added as
the sampler Is pushed into the ground. The sampler normally has a maximum
penetration of 18 m, but in suitable ground, with a modified magazine and
Increased thrust, samples up to 30 m In length can be obtained. The 29 mm
sampler is of similar design and requires less thrust to effect penetration.
Class 2 to class 3 samples can be obtained with these samplers.

The samples are cut into 1 m lengths and placed in purpose-made cases,
samples taken with a 66 mm sampler berfng retained in the plastic tubes. The
o6 mm samples are surtable for a range of laboratory tests. The 29 mm
samples are used for visual examination and the determination of bulk density
and index properties. After specimens have been removed for testing, the
samples are split and are then described and photographed in a semi-dried
state when the soil fabric can be more readily identified. For 29 mm samples,
only one half of the split material is used for testing, thus preserving a
continuous record of the ground.

19.7 SAND SAMPLERS

The recovery of tube samples of sand from below the water table
presents special problems because the sample tends to fall out of the sample
tube. A compressed air sampler (Bishop, 1948) enables the sample to be
removed from the ground into an air chamber and then lifted to the surface
without contact with the water In the borehole. The sampler is generally
constructed to take samples 60 mm In diameter. If the sampler is driven by
dynamic means, the change in volume of the sand caused by the driving gives
a sample quality not better than class 3. However, if static thrust Is used,
generally class 2 and sometimes class ! samples can be recovered. An
alternative design (Serota & Jennings, 1958) Introduces a bubble of air at the
base of the sampler before it is withdrawn from the ground.

19.8 ROTARY CORE SAMPLES

Samples are obtained by the rotary core drilling procedures described in
Section 18.7. The quality of sample may vary considerably depending on the
character of the ground and the type of coring equipment used (BSI, 19743).

Core-barrel sizes commonly used in Hong Kong are given in Table 5,
together with the core sizes produced. Single-tube core-barrels are seldom
used, as the core-barrel rotates directly against the core and core recovery is
usually unsatisfactory. Double-tube and triple-tube barrels are used, with
applicability and limitations as follows :

(a) Double-tube core-barrels, with an inner tube mounted on
bearings which does not rotate against the core, can
normally be used in fresh to moderately decomposed
rocks. However, these barrels do not protect the core
from the drilling fluid unless the equipment is modified.
In addition, the core is often removed by hanging the
barrel in a near vertical position and tapping on the
sides of the barrel. In highly fractured rocks this can
result in a jumble of rock fragments in the core box and
may make logging and measurement of fracture state
indices difficult. The use of a core extruder is
recommended in such situations. An example of a
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double-tube core-barrel is shown in Figure 16 (see also
Plate 4D).

(b) Triple-tube core-barrels, containing detachable liners
within the inner barrel that protect the core from
drilling fluid and damage during extrusion, are suitable
for use in fresh to moderately decomposed rock and some
of the stronger highly decomposed materials. They are
particularly useful in coring highly fractured and jointed
rock as the split liners facilitate the retention of core
with the joint system relatively undisturbed. An example
of a non-retractable triple-tube core-barrel (with split
liners) is shown in Figure 17 (see also Plate 4E}.

When coring soils derived from insitu rock weathering,
triple-tube core-barrels fitted with a retractable shoe are
normally used (Table 5). The cutting shoe and connected
inner barrel projects ahead of the bit when drilling in
soft material and retracts when the drilling pressure
increases in harder materials. This greatly reduces the
possibility of drilling fluid coming into contact with the
core at or just above the point of cutting. These
cutting shoes can be added to the same triple-tube core-
barrel used for coring fresh to moderately decomposed
rock. Alternatively, and far more commonly in Hong
Kong, a Mazier core-barrel (Figure 18 and Plate 4F) is
used. However, it should be noted that the Mazier has a
tungsten carbide tipped cutting shoe and is therefore not
suitable for coring fresh to moderately decomposed rock.
When rock or corestones are encountered, a core-barrel
with a diamond-impregnated drill bit has to be used to
advance the hole (e.g. the double-tube Craelius T2-101
barrel as shown in Figure 16). The Mazier core-barrel
has an inner plastic liner which protects the sample
during transportation to the laboratory. The 74 mm
diameter core obtained with the Mazier is compatible
with the commonly-used laboratory triaxial testing
apparatus.

High quality (class 1) core samples of soils derived from insitu rock
weathering and colluvium can be obtained using the large diameter triple-tube
* core-barrels in conjunction with air foam as the flushing medium (see
Section 18.7.2). Samples of class 1 to class 2 can also be obtained using the
Mazier sampler in conjunction with air foam or water as the flushing medium.

Another type of triple-tube barrel is the wireline core-barrel. This non-
retractable barrel incorporates a line mechanism for withdrawing the inner
barrel up through the drill rods without withdrawing the outer barrel or rods
from the hole. This core-barrel may be used in fresh to moderately
decomposed rock, and in very deep vertical or inclined holes to achieve more
rapid drilling progress.

Further discussions of core-barrels, drilling techniques and their
suitability to materials found in Hong Kong can be found in Brand & Phillipson
(1984), Brenner & Phillipson (1979) and Forth & Platt-Higgins (1981).
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19.9 BLOCK SAMPLES

Block samples are cut by hand from material exposed in trial pits and
excavations. They are normally taken in fill, soils derived from insitu rock
weathering and colluvium in order to obtain samples with the least possible
disturbance. The procedure is also used to obtain specially orientated samples,
e.g. to measure the shear strength on specific discontinuities. The location
and orientation of a block sample should always be recorded before the sample
is separated from the ground. Block samples should be taken and handled as
described in Section 19.10.6. More detailed recommendations for block
sampling are given in USBR (1974).

19.10 HANDLING AND LABELLING OF SAMFPLES
19.10.1 CGeneral

Samples may fhave cost a considerable sum of money to obtain and
should be treated with great care. The usefulness of the results of the
laboratory tests depends on the quality of the samples at the time they are
tested. [t Is therefore Important to establish a satisfactory procedure for
handling and labelling the samples, and also for their storage and transport so
that they do not deteriorate, and can readily be identified and drawn from the
sample store when required.

The samples should be protected from excessive heat and temperature
variation, which may lead to deterioration in the sealing of the sample
containers and subsequent damage to the samples. The temperature of the
sample store will be influenced by the climate, but it is recommended that the
samples should be stored at the lowest temperature practicable within the
range 2°C to 45°C. The daily temperature variation within the store should
not exceed 20°C.

19.10.2 Labelling

All samples should be labelled Immediately after being taken from a
borehole or excavation. If they are to be preserved at their natural moisture
content, they will at the same time have lo be sealed In an airtight container
or coated In wax. The label should show all necessary information about the
sample, and an additional copy should be kept separately from the sample; this
latter Is normally recorded on the daily field report. The label should be
marked with indelrble ink and be sufficiently robust to withstand the effect of
its environment and of the transport of the sample. The sample itself should
carry more than one label or other means of identification so that the sample
can stll be rdentified if one label is damaged.

The sample label should give the following information, where relevant :
(a) name of contract,
(b) name or reference numbers of the site,
(c} reference number, location and angle of hole,

(d) reference number of sample,
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(e} date of sampling,
(f) brief description of the sample,

(g) depth of top and bottom of the sample below ground
level, and

(h) location and orientation of the sample where appropriate
(e.g. a sample from a trial pit).

19.10.3 Disturbed Samples of Soil and Hand Specimens of Rock

Where samples are required for testing, or where It Is desirable to keep
them In good condition over long periods, they should be treated as described
below. :

Immediately after being taken from a borehole or excavation, the sample
should be placed in a non-corrodible and durable container of at least 0.5 kg
capacity, which the sample should fill with the minimum of air space. The
container should have an airtight cover or seal so that the natural morsture
content of the sample can be maintained until tested In the laboratory. For
rock samples, an alternative procedure Is to coat the sample in a layer of
paraffin wax. A microcrystalline wax Is preferred because it Is less likely to
shrink or crack. Large disturbed samples that are required for certain
laboratory tests may be packed in robust containers or plastic Sacks.

The sample containers should be numbered, and the tear-off slip or a
label, as described in Section 19.10.2. should be placed in the conitainer
Immediately under the cover. An identical label should also be securely fixed
to the outside of the container under a waterproof seal fwax or plastics). The
containers should be carefully crated to prevent damage during transit. During
the intervals while the samples are on site or In transit to the sample store,
they should be protected from excessive feat.

For hand samples of rock, the reference number should be recorded by
painting directly on the surface of the sample or by attaching a label
Samples should then be wrapped in several thickness of paper and packed in a
wooden box. It is advisable to rnclude in the wrapping a label of the type
described in Section 19.10.2.

19.10.4 Samples Taken with a Tube Sampler

The following recommendations are applicable to all samples taken with
tube samplers, except those taken with thick-walled samplers (see
Section 19.4.5). The precautions for handling and protection of samples are to
be regarded as a minimum requirement for samples taken by the usual methods.
In special cases, it may be necessary to take more elaborate precaulions. for
samples that are retained in a tube or liner, procedure (a) should be followed,;
for other samples, procedure (b) should be followed.

fa) Immediately after the sample has been taken from the
borefhole or excavation, the ends of the sample should be
removed to a depth of about 25 mm and any obviously
disturbed soil in the top of the sampler should also be
removed. Several layers of molten wax, preferably
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microcrystalline wax, should then be applied to eacth end
to give a plug about 25 mm in thickness. The moften
wax should be as cool as possible. It Is essential that
Lthe sides of the tube be clean and free from adhering
soll, If the sample rs very porous, a layer of wavxed
paper or aluminium foil should be placed over the end of
the sample before applying the wax.

Any remarning space between the end of the tube or
liner and the wax should be tightly packed with a
material that Is less compressible than the sample and
not capable of extracting water from It, and a close-
Titing lid or screw-cap should then be placed on eact
end of the tube or liner. The fids should, if necessary,
be held in position wrth adhesive tape.

(b) Samples that are not retained in a tube should be wholly
covered with several layers of molten paraffin wax,
preferably microcrystalline wax, rmmediately after being
removed from the sampling tool, and then should be
tightly packed with suitable materral into a metal or
plastic contarner. The [id of the container should be
held in position with adbesive tape. If the sample is
very porous, It may be necessary to cover it with waved
paper or aluminivm foil before applying the molten wax.

A label bearing the number of the sample should be placed rinside the
contarner just under the lid. The label should be placed at the top of the
sample. In addrtion, the number of the sample should be painted on the
outside of the container, and the top or bottom of the sample should be
Indicated. The liners or containers should be packed in a way that will
minimize damage by vibration and shock during transit

For soft marine soil samples, the tube or liner should be held vertically,
keeping the sample in the same direction as it left the ground, and extreme
care should be taken during all stages of handling and transportation.

19.10.5 Rotary Core Extrusion and Preservalion

Alter recovery of the core-barrel to the surface, every effort should be
made In subsequent handling to ensure that, as far as possible, the quality of
the core is maintained in rts natural state until it is finally stored.

Except In relatively strong and massive rocks, core is almost inevitably
disturbed if it is removed from the barrel held in a vertical position and then
placed into the core box. rhe barrel should be held in a horizontal position,
and the core extruded into a tray Iin such a manner that it is continuously
supported. KRain-walter guttering or other conveniently avalflable rigid split
tube can be used for this purpose. When it Is required to preserve the core
such that it does not dry out, a convenient method is to extrude it from the
core-barrel into slesving formed of thin-gauge polvethylene, again supporting
the core with rigid split tube. wWhere selected lengths of core are to be
preserved at their natural moisture content for laboratory testing, any drilling
mud contamination and softened material should first be removed; the sample
should then be wrapped in foil, coated with successive layvers of waxed cheese
cloth and labelled as described in Section 19.10.2,
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In the extrusion process, the core should preferably be extruded in the
same direction as It entered the barrel Extruders should be of the piston
type, preferably mechanically activated, since water-pressure type extruders
can lead to water contact with the core, and to damage by Impulsive stressing
of the core. It should be noted that in weak, weathered or fractured rocks,
exirusion can lead to core disturbance, however carefully It Is done. The use
of a low-friction transparent plastic liner in the inner tube of a modified
conventional double-tube swivel core-barrel overcomes the majority of the
problems encountered in core extrusion, and facilitates preservation of the core
in the condition in which it is recovered. The general practice Is to tape the
outside of the sleeved core every 200 mm, and lengthwise along the overiap in
the plastic sheet, and then, with the aid of plastic guttering for extra support,
the core can be bovxed without too much disturbance to the fabric. However,
the presence of abrasive and fractured rocks may preclude the use of such
liners.

The difficulties of extrusion and preservation can be overcome by the
use of triple-tube core-barrels with low-friction liners (see Section 19.8). Split
liner tubes are an ideal method of examining the recovered core without
further damage after the drilling process. 0n the other hand, seamless metal
liners and plastic liners are particularly useful where core Is to be removed
from site for logging or where confined, undisturbed samples are required for
sample preservation and subsequent laboratory testing.

It is usval to preserve all core obtained from the borehole for the
period of the main works contract to which the core drilling relates. This Is
conveniently achieved with wooden or plastic core boxes, usuvally between 1 m
and 1.5 m in length and divided longitudinally to hold a number of rows of
core. The box should be of such depth and the compartments of such width
that there is minimal movement of the cores wbhen the box Is closed
(Geological Soclety. 1970). The box should be fitted with a hinged lid and
strong fastener, and should be designed so as not to be too heavy for two
persons to [ift when the box Is full of core.

In removing the core from the barrel and placing it in the box, great
care should be taken to ensure that the core is not turned end for end. but
lies In Its correct natural sequence. Depths below ground surface should be
Iindicated by an indelible marker on small spacers of core diameter size that
are inserted in the core box between cores from successive runs. Where there
is faflure to recover core, or where specimens of recovered core are removed
from the box for other purposes, this should be indicated by spacing-blocks of
appropriate length. Both the lid and the box should be marked to show the
site location, borelole number and range of depth of the core within the box,
in addition to the number of the box in relation to the total sequence of
boxes for that borehole. Core box markrng should be done so as to faciiitate
subsequent photography which, If required, should be carried out as soon as is
practicable after recovery of the core, and before description, sampling and
testing.

19.10.6 Block Samples

Sample cutting should be carried out as quickly as possible to prevent
excessive moisture loss, and the sample should be protected from rain and
direct sunlight. The sample should be trimmed to size in plan while still
connected at its base (Plate 5A). The sides should be protected with
aluminium foil or grease-proof paper, and then coated with a succession of
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layers of microcrystalline wax, reinforced with layers of porous fabric (e.q.
muslin}, if required. A close-fitting box with the top and bottom lids removed
should then be slid down over the sample (Plate 5B). The top of the sample
should be trimmed flat, marked with location and orientation, coated as
described above, and the top lid attached to the box, ensuring a close fit.
The sample may then be cut along its base, and turned over slowly and
carefully for trimming and coating of the bottom prior to attachment of the
bottom lid. A strong, rigid, close-fitting box is required to minimize sample
disturbance during transport and to prevent discontinuities from opening,
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20. GROUNDWATER

20.1 GENERAL

The determination of groundwater pressures Is of the utmost Importance
since they have a profound influence on the behaviour of the ground during
and after the construction of engineering works. There iIs always itfhe
possibility that various zones, particularly those separated by relatively
impermeable layvers, will have different grouvndwater pressures, some of which
-may be artesian. The Jocation of highly permeable zones in the ground and
the measurement of water pressure In each Is particularly important where
deep excavation or tunnelling Jis reguired, since special measures may be
necessary to deal with the groundwaler. For accurate measurement of
groundwater pressures, It Is generally necessary to Install prezometers. The
groundwaler pressure may vary with time owing to rainfall tidal or other
causes, and it may be necessary to take measurements over an extended period
of time In order that such variations may be investigated. When designing
drainage works, It I's normally desrrable to determine the contours of the water
table or piezometric surface to ascertain the direction of the natural drainage,
the seasonal variation and the influence of other hydrofogical factors.

The monitoring of groundwater levels and pore pressures, and their
response to rainfall, is carried out routinely in Hong Kong, as this information
is vital to the design and construction of slopes, excavations in hillsides, and
site formation works. The choice of piezometer type depends on the predicted
water pressures, access for reading, service life and response time required.
Open-hydraulic (Casagrande) piezometers are often used in soils derived from
insitu rock weathering and colluvium, which are generally relatively permeable.
Other piezometer types may be used for specific projects; the available types
are described in Sections 20.2.3 to 20.2.6, and their advantages and
disadvantages are summarized in Table 10,

Slope failures in Hong Kong are normally triggered by rainstorms. The
response of the groundwater regime to rainfall varies widely from site to site,
ranging from virtually no response to a large immediate response. The
measurement of transient response is therefore very important ({(see
Section 20.2.8). In order to provide design data, groundwater monitoring
should extend over at least one wet season; this wet season should ideally
contain a storm that has a return period of greater than ten years. For site
formation works which involve substantial modifications to the hydrogeological
characteristics of the site, the period of monitoring may need to be extended
to beyond the end of the site formation works. Ground conditions in Hong
Kong may produce perched or multiple water tables which must also be
considered when installing and monitoring piezometers (Anderson et al, 1983).

It may also be necessary to measure negative pore water pressures, or
soil suction (see Section 20.2.9). In many cases, existing groundwater data in
the vicinity of the site will be available in the Geotechnical Information Unit
(see Section 4.2), and may be useful in planning an appropriate groundwater
monitoring scheme.

An additional consideration in urban areas is the contribution of leakage
from water-bearing services to the overall groundwater regime. This
contribution can be significant at some sites. Hydrochemical analysis of
groundwater may aid the identification of the leak, e.g. the presence of
fluoride attributable to leakage from fresh water mains. Advice on chemical
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analysis of groundwater and related interpretation techniques such as trilinear
plotting of cation and anion contents are given in ICE (1976).

Borehole permeability tests are described in Section 21.4, packer, or
Lugeon, tests are described in Section 2i1.5 and large-scale pumping tests are
described fn Chapter 23.

20.2 METHODS OF DETERMINING GROUNDWATER PRESSURES
20.21 Response Time

All the methods described in Séction 20.2 regquire some flow of water
into or out of the measuring device before the recorded pressure can reach
equilibrium with the actval groundwater pressure. For an excavalion or a
borehole, a large volume of water may fHow before the water flevel reaches
equilibrium with the groundwater pressure. 0n the otfer fand, some types of
Dlezometer regurre only a very small change in volume of water in order that
the groundwater pressure may be read. The rate at which water fHows througf
the soil depends on the permeability. The time reguired for a measuvring
device to Indicate the true groundwater pressure Is known as the response
time and depends on the guantity of water reguired to operale the device
‘'volume factor'), the ‘shape factor' of the piezometer (Brand & Premchitt,
1980), ¢the permeability of the porous element, and the permeability of the
ground. The selection of a suitable method for measuring the groundwater
pressure will largely be determined by the response time (Penman, 1986).

20.2.2 Observations in Boreholes and Excavations

The crudest method of determining the groundwater level is by
observation in an open borehole or excavation. This method may involve a
long response time unless the ground is very permeable, and observations
should be made at regular time intervals until it is established that the water
level has reached equilibrium. The readings will be misleading if rain or
surface water is allowed to enter the open hole. Readings taken in a borehole
shortly after completion of drilling should be treated with caution, as it is
unlikely that equilibrium will have been re-established.

The reliability of water level observations in boreholes or excavations
can be somewhat improved by the installation of a standpipe, as shown in
Figure 19. A standpipe (not to be confused with the standpipe piezometer
described in Section 20.2.3) consists of an open-ended tube of hard plastic of
approximately 19 mm internal diameter which has been perforated either over
its entire length or just the lowest 1 to 2 m. The perforated section, with
openings over at least 5% of its surface area, should be wrapped in a suitable
filter fabric. The space between the tube and the wall of the borehole or
excavation is normally backfilled with medium to coarse sand and fine gravel
to act as a filter. The top 0.5 m around the standpipe should be sealed to
prevent the ingress of surface water. While readings taken in a standpipe are
more controlled than in an open borehole, standpipe response time is still slow,
and if zones of different permeabilities have been penetrated, flow between
zones may occur. Standpipe readings may therefore not be representative of
actual groundwater levels. These drawbacks can largely be overcome by the
installation of open-hydraulic or other piezometers.
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20.2.3 Standpipe Piezometers

The standpipe piezometer, perhaps better termed the open-hydraulic
piezometer, consists of a tube with a porous filter element on the end that
can be sealed into the ground at the appropriate level (Figure 19). Two types
of filter elements, viz the high air entry filter and the low air entry filter,
are generally used. Depending on the size and uniformity of the pores, the
filter can sustain a pressure difference between air and water on its surface
due to the effect of surface tension. The maximum pressure difference that
can be sustained is known as the air entry value of the filter. The smaller
the size of the pores, the higher will be the filter's air entry value, but the
lower will be the filter's permeability, and this can give rise to a long
response time. A high air entry filter can be used to measure matric soil
suction, as air can be kept out of the measuring fluid system, which is then
allowed to come into equilibrium with the surrounding negative pore water
pressure (see Section 20.2.9). The filter cannot, however, prevent the entry of
air by diffusion, hence the need to flush air bubbles out of the measuring
system from time to time. A low air entry filter has large pores and therefore
does not impede the passage of air. Low air entry filters are therefore not
suitable for measuring pore water pressures in unsaturated ground.

The Casagrande-type device is the most freguently installed standpipe
piezometer (Plate 6A). It has a cylindrical (low air entry) porous element
protected by a perforated rigid sheath about 35 mm in diameter and 300 mm
long. This element is connected to a 19 mm or 25 mm internal diameter pipe.
The response time of this type of piezometer is comparatively slow, but it
generally does not become a significant factor until the soil permeability is
less than about 10-7 m/sec (Hvorslev, 1951). At this permeability, the
response time should not be more than a few hours when the piezometer is
installed within a 150 mm diameter by 400 mm long sand pocket.

Open-hydraulic piezometers are normally installed in boreholes. Access
to the top of the piezometer is generally required in order to measure the
water level with a dipmeter (see Section 20.2.8) or similar device, although the
water level can be read remotely using an air-bubbling system (see
Section 20.2.8). The piezometer top should be well protected, but it must
remain vented to the atmosphere.

If the pore pressure temporarily drops below atmospheric, the open-
hydraulic piezometer will cease functioning, but being self de-airing, it will
resume satisfactory operation without maintenance. The piezometer tube
should generally not be smaller than 12 mm internal diameter or the self de-
airing function may be impaired (Vaughan, 1974).

The main advantages of an open-hydraulic piezometer are its simplicity
and reliability. Also, water can be pumped down the pipe to flush out
blockages. Moreover, it can be used to determine the permeability of the
ground in which the tip is embedded (see Section 21.4). Its main disadvantage
is slow response time in soils of low permeability.

20.2.4 Hydraulic Piezometers

In hydraulic piezometers, also termed closed-hydraulic piezometers, the
groundwater pressure is detected in a small piezometer tip with porous walls
and conducted through small diameter plastic tubes to a remote point, where
the pressure is measured, usually with a mercury manometer, Bourdon gauge or
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pressure transducer. Air in the tubes will cause erroneous readings, and
because of this the tubes must be kept full of water and routinely de-aired.

Various types of hydraulic piezometers are available, the most common
being the twin-tube types shown in Figure 20. In these piezometers, the tip is
connected to the measuring point by two tubes, so that water can be
circulated to flush out any air bubbles. This should be done in such a way
that the pressure in the tip is left approximately at working pressure.

In order to avoid cavitation, the measuring point and connecting tubes
should not be more than 7 m above the piezometric level being measured
(Penman, 1978). Hydraulic piezometers are not self de-airing and regular
maintenance is required for satisfactory performance. The hydraulic leads
facilitate remote reading, and the measuring point can be separated laterally
from the piezometer tip by fairly long distances.

A closed-hydrauvlic piezometer has a small response time and can be used
for measuring rapid changes In pore water pressure due to rarnfall infiltration,
pressure changes due to tidal variation or to changes of stress induced by
superimposed loads or excavations. It can also be used rfor Iinsity
measurements ol permeability. In zones of high permeabllity, care should be
taken to see that the limiting permeablility of the porous tip is considered.

20.2.5 Electrical Prezomelters

Electrical plezometers have a pressure transducer located close to the
porous element. Very rapid response times can be achleved provided the tip is
de-aired. Where Jlong term stability is reguired, or the signal is to be
transmitted over a long distance, the transducer is usually of the vibrating
wire type. The marln disadvantage of the electrical plezometer is that it
requires calibration, which cannot be checked easily after installation. It
should be noted that some transducers have temperature-sensitive elements, so
that check calibrations should be carried out at groundwaler temperalure.
Moreover, it Is not always easy lo check that the Instrument Is behaving
reliably. De-airing is not possible after Installation, and misleading results can
be obtained, particularly in unsaturated sorls or soils containing gas, e.g.
methane in organic solls. The electrical piezometer cannot be used for Insitu
permeablility measurements (Penman, 1960/

Electrical piezometers have not been widely used in Hong Kong.

2026 Fneumatic FPlezomelers

Pneumatic systems comprise two air-filled tubes connecting the
measuring point to a valve located close to the porous element. When the air
pressure in the input line equals the water pressure in the porous element, the
valve operates, thereby holding constant the pressure erther in the return line
or in the supply line. The operation of the valve reguires a small volume
change in the porous element, and in Iimpermeable clays this can Jlead to
difficulties. Also, dirt entering the lines can prevent valve operation. The
pneumaltic plezometer Is cheap and easy toinstall and has a rapid response. It
cannot be used for insitu permeability measurements (Marsland, [1973).
Pneumatic prezometers fave the same [limitations as electrical plezometers in
that they cannot be checked and the porous tips cannot be de-aired after
Installation.
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The use of pneumatic piezometers in Hong Kong is described by Handfelt
et al (1987).

20.2.7 Installation of Piezometers

The success of pore water pressure measurement depends vpon the care
taken during rnstzllation and sealing of the prezometer or standpipe. The
porous element should be fully saturated and filled with de-afred water before
installation.

in soft ground, the porous element can often be pushed or driven into
position. [t Is, however, necessary to avoid clogging the porous element if it
Is pushed through soft clays. This can be achieved by using a drive-
plezometer whiclh fhas a removable sleeve that covers. the element during
driving (Parry, 1971}, [n clay, a pushed or driven prezometer shears and
remoulds the clay, destroys the fabric In the clay adjacent to the porous
element, and can lead to erroneous measurements of Insitu permeadbiiity. [t
should also be noted that the action of pushing or driving may set up high
excess pore-pressures, whicl in soils of low permeability may take a long time
to dissipate. In farder ground, the instrument is rnstalfed in a borelrole wrth
the porous element surrounded by well-graded sand. Above the sand the
borehole should be sealed off, preferadly with grout.

The typical method of installation of a piezometer in a borehole is
illustrated in Figure 21. The tip should be placed within a sand pocket in the
specific zone for which pore pressures are to be measured, referred to as the
response zone. The length of the response zone should be at least four hole
diameters, preferably not less than 400 mm. Washed sand with particle sizes
in the range 0.2 mm to 1.2 mm is recommended for the response zone in most
soils derived from insitu rock weathering. For coarse transported soils (e.qg.
alluvial and marine sands and gravels), filters should be specifically designed to
match the surrounding material (GCO, 1984).

Bentonite should be used to provide a seal above the sand pocket, and if
the piezometer has not been installed near the base of the borehole, a
bentonite seal should also be placed beneath the sand pocket. The length of
bentonite seals is typically 0.5 m, although longer seals may be preferable,
especially on the upper side of the piezometer. Bentonite balls approximately
25 mm in diameter, formed from powdered bentonite and water, may be used to
form the seals. An alternative is to use compressed bentonite pellets, in which
case sufficient time should be allowed for the swelling action of the pellets to
occur before grout is placed on top of the seal.

The remaining sections of the borehole, both above the upper seal and
beneath the lower seal (if applicable), should be filled with a cement-
bentonite grout of the same or lower permeability than the surrounding soil.
A tremie pipe should be used to place the grout. The volume of grout used
should be compared with the volume of the hole to be grouted.

The composition of the grout mix will depend on a variety of factors,
such as the availability of materials, the required permeability, the tvpe and
make of bentonite, the condition of the borehole and the groundwater levels.
The grout should be easily pumped, of the required permeabiiity, and flexible.
The constituents shouvld not segregate while the grout is stifl liguid. A4 typical
mix might be four parts of bentonite mived thoroughly with eight to twelve
parts of water, to which Is added one part of ordinary Portland cement.
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Special mixes and chemical additives may be necessary if the grout is to be
used in sea water or very acid water.

Poor sealing of the piezometer will permit the migration of water from
one level to another, and may render the readings meaningless. The
installation of more than one piezometer in a single borehole is not generally
recommended. If two piezometers are placed in a single hole, great care must
be taken to achieve proper seals.

A welI-drained. lockable surface box should be provided for every
piezometer installation' (Figure 21).

After installation, a response test should be conducted on each
piezometer where possible, to check the adequacy of the installation. The
response test may be of the falling head type, with the results presented on
falling head permeability test result sheets. Unexpected results in a response
test may indicate that the piezometer is defective. Similar response tests
carried out at intervals during the life of the piezometer are also recommended
to ensure that readings remain valid. In soft cohesive so0ils, care should be
exercised to ensure that the head used in response tests does not cause
hydraulic fracture in the soil.

20.2.8 varying Groundwater Pressures

In addition to varying response to rainfall, water pressures may show
seasonal variation, response to tidal changes or may be affected by abstraction
from neighbourring wells or by other causes. Wwhere it Is important to take
account of these effects, adeguate periods of observation should be adopted.

Groundwater levels in open-hydraulic piezometers or standpipes are
commonly measured with battery-operated electrical dipmeters (McNicholl &
Cho, 1985). This technique relies on the conductivity of the groundwater to
complete a circuit. In some instances the dipmeter may fail to function until
the conductivity of the water has been increased, for example by the addition
of a few crystals of common salt (sodium chloride}.

Groundwater levels or pressures should be recorded and plotted
systematically. A typical record sheet is shown in Figure 22, where the
readings have been plotted on a time base for ease of interpretation, together
with corresponding rainfall data.

The observation of peak groundwater response in open-hydraulic
piezometers or standpipes can be measured using a string of piezometer
'‘buckets' (Figure 23 and Plate 6B). The buckets are filled progressively as
water rises in the piezometer and will retain their water even if the
piezometric pressure subsequently falls. By using a series of closely-spaced
piezometer buckets, the peak transient response during or after a rainstorm
can be recorded at a convenient time later on. The buckets are tied to a
weighted nylon string at selected depth intervals above the normal base water
level and can be pulled to the surface for readings. They might typically be
placed at 0.5 m intervals within the range of 2 m both above and below the
critical groundwater level assumed in the design. A typical data sheet is
shown in Figure 24. Care should be taken when handling the string to ensure
that it does not drop into the borehole (thus rendering the piezometer use-
less), or that it does not tangle and reduce the spacing between the buckets.
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Another method for recording transient water levels in open-hydraulic
piezometers or standpipes is the automatic bubbling recorder, or 'bubbler’
system. In this system, a small diameter air line is installed down to the
piezometer tip with a small air flow sufficient to produce several bubbles per
minute. The air pressure required to release bubbles can be equated to the
water pressure produced by the height of water in the standpipe.

An electronic pressure transducer and "Scanivalve" have been used for
automatic recording of a number of piezometers (Pope et al, 1982).
Functioning of the system may be controlled by a microprocessor, allowing
variation in the number of piezometers read, the dwell time on each
piezometer, and the interval time between readings.

20.2.9 Soil Suction

Measurement of matric soil suction, or negative pore water pressure, in
the range 0 to -80 kPa can be undertaken in the field with tensiometers. A
high air entry pressure ceramic tip allows equilibrium to be achieved between
soil moisture and a confined reservoir of water within the tensiometer. A
vacuum gauge is located at the top of the tensiometer. At suctions greater
than -80 kPa, water inside the tensiometer cavitates and is lost through the
ceramic tip. An example of a tensiometer is shown in Plate 6C.

The pressure exerted by the column of water within the tensiometer
must also be considered; for example, if the tip were located 1.5 m vertically
beneath the gauge, the maximum soil suction that could be measured would be
reduced to -65 kPa. When suction measurements are required at greater
depths, a caisson may be excavated and tensiometers installed through the
sides of the caisson (Sweeney, 1982). The reliability of a tensiometer depends
on a good contact between the soil and the ceramic tip, and a good seal
between the tensiometer tube and the soil.

For measurement of soil suctions beyond the range of tensiometers,
psychrometers may be used (Richards, 1971), although their accuracy is
doubtful. The measurement of soil suction in Hong Kong slopes has been
reviewed by Anderson (1984).

20.3 GCROUNDWATER SAMPLES

Care should be taken to ensuvre that samples are representative of the
water~bearing zone from which they have been taken and that they have not
been contaminated or diluted by surface water or water used for boring.
Water samples should be taken as soon as possible after the water-bearing
zone fHas been met in the borehole. [If other water-bearing zones occur at
higher levels, these should be sealed off by the borehole casing. As far as Is
possible, all the water in the borefole should be removed by pumping or
baling, and the sample taken from water which collects by seepage. About one
litre should be collected in a clean glass or imert plastic bottie rinsing the
bottle three times with the water being sampled before filling. More stringent
requirements may apply in certain cases, e.g. use of sterifized containers fsee
Chapter 13). Even when precavtions are laken, water samples from boreboles
may be unrepresentative. Better results can be obtained if samples can be
taken from a standpipe plezometer sealed within the relevant zone. Water
samples may deteriorate rapidly and should therefore be tested as soon as
pPossible after sampling.
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21, TESTS IN BOREHOLES

21.1 GENERAL

This chapter describes various tests that may be conducted as
supplementary to a ground investigation carried out by boreholes. The tests
described are generally undertaken as an integral part of the drilling operation.
Additional field tests are described in Chapters 24 to 33, and include some
tests which can also be conducted in boreholes. The division of the subject
matter has been somewhat arbitrary; therefore, where coverage of a particular:
test is not given in this chapter, it should be sought in later chapters.

21.2 STANDARD PENETRATION TESTS
21.2.1 General Principles

The standard penetration test is a frequently used dynamic penetration
test and is described in Test 19 of BSI (1975b). A small disturbed soil sample
(quality class 3) is normally obtained when the split barrel sampler is used
(Figure 25 and Plate 7A). The test results have been related empirically to
soil parameters and foundation conditions, especially in sands and gravels.

Minor variations from the specified equipment and procedures can
seriously affect the results of the test (De Mello, 1971; Ireland et al, 1970;
Nixon, 1982; Skempton, 1986). It is important that the test is carried out
precisely as described in Test 19 of BSI (1975b), except that the following
modifications should be incorporated :

(a) An automatic release trip hammer (Plate 7B) should be
used to drive the sampler.

(b) The weight of the hammer in the drive assembly should
be 63.5 kg.

(c) The diameter of the borehole should be between 60 mm
and 200 mm.

(d) Drill rods with a stiffness equal to or greater than type
BW rods should be used to reduce energy dissipation.

These modifications bring the test procedures into conformity with the
proposed international standardization of the test (ISSMFE, 1977).

21.2.2 Preparation for Testing

It Is necessary lo clean outl the bottom of the borefiole. When the test
Is carried out below the groundwater Jlevel certain tyvpes of solf may be
loosened below the base of the borefiole by the action of the boring tools and
by pressure differences between tire groundwater and water in the borefole,
This effect can be particularly severe Iin sands. TIhe effect can be reduced by
keeping the borefiole topped up with water and by very careful operation of
the boring tools but often these expedients will not be completely successful

The drill casing should not be advanced ahead of the borehole where a
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standard penetration test is to be performed.

21.2.3 Advantages and Limitations

The great merit of the test, and the main reason for its widespread use,
Is that it is simple and inexpensive. The soil strength parameters which can
be inferred are very approximate, but give a useful guide in ground conditions
where it may not be possible to obtain borehole samples of adequate quality,
e.g. gravels, sands, silts, clay containing sand or gravel and weak rock. In
conditions where the quality of the 'undisturbed’ sample is suspect, e.g. very
silty or very sandy clays, or hard clays, it I's often advantageous to alternate
the sampling with standard penetration tests, thereby obtaining a check on the
strength. If the samples are found to be unacceptably disturbed, it may be
necessary to use a different method for measuring strength, e.g. the plate test
described in Sections 21.6 and 29.1.

When the test is carried out in granular soils below groundwater level,
the soil may become loosened, even when the test is carried out in strict
accordance with BSI (1975b) and the borehole has been properly prepared. In
certain circumstances, it can be useful to continue driving the sampler beyond
the distance specified, adding further drill rods as necessary. Although this is
not a standard penetration test, and should not be regarded as such, it may, at
least, give an indication as to whether the deposit is really as loose as the
standard test may Indicate. When there Is good reason to believe that
unrealistically low values are being recorded, consideration should be given to
the use of some other test which can be performed independently of a
borehole, e.g. the cone penetration test described in Section 23.3.

When the test is carried out in soils derived from insitu rock
weathering in Hong Kong, it is commonly extended to high blow counts,
sometimes in excess of 200. However, it is recommended that the test
should be discontinued when the blow count reaches 100 or if the hammer
bounces and insignificant penetration is achieved, as is frequently the
case when corestones are encountered. If the test is curtailed due to
hard driving, the number of blows used to achieve the actual penetration
should be measured and recorded (e.g. Blow/Penetration = 100/80 mm), and
this may be used to estimate the blow counts for 300 mm penetration.

In the consitruction of bored piles, the test is sometimes carried out in
boreholes considerably /larger in diameter than those used for ground
invesitigation work. The result of the standard penetration test is dependent
upon the drameter of the borehole, and these tests should not be regarded as
standard penetration tests. They may, however, provide useful information to
a piling contractor, particularly if he has considerable experience in their use.

21.2.4 Results and Interpretation

The resulting N value is defined as the number of blows required to
drive the standard split spoon sampler a distance of 300 mm. The sampler is
initially driven 150 mm to penetrate through any disturbed material at the
bottom of the borehole before the test is carried out. The number of blows
required for each 75 mm advance in the initial seating drive should be
recorded; the test may then proceed, with recording of the number of blows
required for each 75 mm incremental advance of the test drive.
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When the test is used in soils derived from insitu rock weathering, it
should be noted that the empirical relationships developed for transported soils
between N value and foundation design parameters, relative density and shear
strength may not be valid. Corestones, for example, can be responsible for
misleadingly high values that are unrepresentative of the mass. In view of
this, the test should only be used to give a rough indication of relative
strength in these soils, or to develop site-specific correlations.

21.3 VANE TESTS
21.3.1 General Principles

A cruciform vane on the end of a solid rod is forced into the soil and
then rotated (Figure 26). The torque required to rotate the vane can be
related to the shear strength of the soil. The method of carrying out the test
is described in Test 18 of BSI (1975b). Vanes can take the form of borehole
vanes or penetration vanes, the latter being much more reliable. The test can
be extended to measure the remoulded strength of the soil. This is done by
turning the vane through ten complete rotations. A pause of not more than-
one minute is permitted to elapse and the vane test is then repeated in the
normal way. The degree of disturbance caused by rotating the vane differs
from that obtained by remoulding a sample of clay in the laboratory, and the
numerical value of the sensitivity of the clay determined by these procedures
is not strictly comparable with the results obtained from laboratory triaxial
tests.

The test is normally restricted to fairly uniform, cohesive, fully-
saturated soils, and is used mainly for clay having an undrained shear strength
of up to about 75 kPa. The results are questionable in stronger clays, or if
the soil tends to dilate on shearing or is fissured.

In Hong Kong, the vane test is invaluable in the marine sediments (Fung
et al, 1984; Handfelt et al, 1987). However, some strata are sandy or contain
shells, in which case vane shear results should be interpreted with caution.
Marine muds are generally very soft, and it is often necessary to provide a

separate support frame on top of the seabed to carry out the vane test (see
Section 14.7).

It should be noted that the undrained shear strength determined by an
insity vane test Is, in general, not equal to the average valve calculated at
failure in the field, e.g. in the failure of an embankment on soft clay. The
discrepancy between field and vane shear strengths generally increases as the
clay becomes more plastic (Bjerrum, 1973).

21.3.2 Advantages and Limitations

The main advantage is that the test itself causes little disturbance of
the ground. This is particularly apparent in sensitive clays, where the vane
test tends lo give higher shear strengths than those derived from laboratory
tests on samples obtained with the genera/ purpose sampler described In
Section /9.4.4. In these conditions, the vane test results are generally
considered to be much more reliable. If the test is carried out in soil that is
not uniform and contains even thin layvers of laminations of sand or dense Si7E,
the torque may be misleadingly high. The presence of rootlets in organic
solls, and also of coarse particles, may lead to erroneous results.
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Wwith the penetration vane test apparatus (vane borer) described in Test
18 of BSI (1975b), the vane and a protective casing (Plate 8) are forced into
the ground by jacking. At the required depth, the vane is advanced a short
distance ahead of the protective casing, the test is conducted, and the casing
and vane are then subsequently advanced to the next required depth.
However, with this type of test it is not always possible to penetrate to the
desired layer without the assistance of pre-boring.

small hand-operated vane test instruments are available for use in the
sides or bottom of an excavation. These devices can also be used on samples,
with tests done either in the field or in the laboratory. The results thus
obtained are generally adequate for the purpose of classifying the consistency
of cohesive soils (GCO, 1988). Comparative hand vane tests carried out in both
the field and laboratory may provide an indication of possible disturbance
during handling and transportation of the sample.

2L d PERMEABILITY TESTS
21.4.1 General Principles

The determination of insitu permeability by tests in boreholes involves
the application of an hydraulic pressure in the borehole different from that in
the ground, and the measurement of the flow due to this difference. The
pressure in the borehole may be increased by introducing water Into 1t, which
is commonly. called a falling-fhead or Inflow test, or it may be decreased by
pumping water out of it in a rising-head or outflow test. The pressure may be
held constant during a test (a constant-head test) or it may be allowed to
equalize to its original value (a variable-head test). The technique Is strictly
applicable only to the measurement of permeability of solls below groundwater
level, although an approximate assessment may be made above this fevel
(Schmid, 1966). However, this approximate value will reflect the Infiltration
capacity of the subsurface material rather than Its permeabllity (see also
Section 24.3). A great variety of tests are included under this heading,
varying from the very crude, where simple problems can be solved by simple
means, to the sophisticated when the nature of the problem demands more
refined data.

2l.4.2 Preparations for the Test

In the simplest form of test, preparation consists of cleaning out the
bottom of the borehole. The test is then conducted by measuring the rate of
flow of water out of the borehole into the soll, or vice versa, through the
open end of the casing. The borehole may be extended beyond the bottom of
the casing, thus Increasing the surface through which waler can tlow. Ff
necessary, the uncased part of the borehole is supported by a sultable fifter
material Water leaking through the casing joints has at times been found to
cause misleading results and the problem has been overcome by the use of
fibre rings.

Misleading results can also arise if any return flow occurs up the
cutside of the casing.

For more accurate measurements, a perforated tube or a suitable
plezometer tip Is installed, which Is then surrounded by a granular filter to
prevent erosion of the ground, and the casing withdrawn. It Is essential that
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the filter material used has a permeability much greater than that of the soil
being tested. Recommendations for sealing the borehole above the granular
filter are given in Section 20.27. In order to avoid errors in flow
measurement due lto compression and solution of trapped air in the leads,
ceramic piezometer lips should be saturated with de-aired water before
instaflation.

Permeability tests can be carried out at various depths in the borehole
as drilling progresses. Figure 27 shows a suitable test arrangement.

Belfore a permeabliity test Is conducted, it is essential to determine the
level of the natural groundwater table by one of the methods described iIn
Chapter 20.

Measurements of water level taken soon after cessation of drilling
usually do not represent equilibrium values, and a series of measurements may
be necessary. If a piezometer is finally installed in the borehole, the
piezometric data obtained from monitoring may provide a check on the
measurements taken at the time of the test.

The period required for constant-head tests is decreased and the inter-
pretation simplified if short lengths of borelole are used for the ltest Pore
pressures should be in equilibrium before the test Is performed, and with clays
of low permeability it can take several months for the pore pressures set up
by the drilling of the borehole to equalize. For soils derived from insitu rock
weathering and collfuvium, equalization typically occurs very much faster.

21.4.3 Variable-head Test

The first operation is either to fill the piezometer tube with water
(1alling-head test) or to force the water level down by a foot-pump or bicycle
pump (rising-head test). The head in the borehole Is then allowed to equalize
with that in the ground, the actual head being measured at intervals of time
from the commencement of the test. The depth of the borehole should be
checked to determine whether any sediment has come out of suspension or
whether the bottom of the borehole has heaved during the test period,

2. 4.4 Constant-fead Test

A constant-fead test is normally conducted as an inflow test in which
arrangements are made for water to flow Into the ground under a sensrbly
constant head, It is essential to use clean water. It will not be possible to
achieve a constant head If the groundwater level i's not constant or the head
lost by friction In the pipes Is significant. Where a high flow rate is
anticipated and where the installation comprises a prezometer tip surrounded by
a filter material, two standpipes should be installed, one to supply the water
and the other to measure the head in the filter material surrounding the
piezometer Up. The rate of flow of water is adjusted until a constant head is
achieved and, in the simplest form of test, flow is allowed to continue until a
steady rate of flow Is achieved. In some ground, this may take a long period
of Ume, and, in such cases the method suggested by CGibson (1963) may be
used, in which the actval rate of flow is measured and recorded at intervals
from the commencement of the test
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21.4.5 Analysis of Results

There are numerous published formulae for calculating permeability from
these tests, many of them partly empirical. Those given by Hvorslev (1951),
which are reproduced in outline in Section 21.4.6, are much used and cover a
large number of condrtions. They are based on the assumption that the effect
of sorl compressibility is negligible. The method given in Grbson (1963) for the
constant-head test is also Indicated. This gives a more accurate result with
compressible solls.

It must be emphasized that the formulae given in Section 21.4.6 are
steady-state equations suitable for calculation of permeability when the test is
carried out below the water table. In Hong Kong, it is often necessary to
measure permeability above the water table. In this case, the steady-state
equations can only be used if the time over which the test is conducted
becomes very long. Under these circumstances, permeability should be assessed
using the constant-head test interpreted according to Method 2 in
Section 21.4.6(2), with H. measured from the centre of the response zone in
the test.

2l. 4.6 Formulae for Boreliole Permeabllrity Tests

(/) Method i (after Hvorsilev, 1951).

For constant-head test,

=9

YA (Time lag analyvsis) Y 7

and for variable-head test,

_ A . T -4
X =F7
or
_ A M, 3/
£k = 7l - 6J log. i, (General approach’

where k Is the permeabifity of soll,
q Is the rate of fiow,
£ Is the Intake factor (Figures 28 and 29),
H- Is the constant head,

M, Is the variable fhead measured at time
after commencement of test,

Mz Is the variable head measured at time &
alfter commencement of test,

A Is the cross-sectional area of borefole
casing or standpipe as appropriate,

I Is the basic time factor (Figure 30/
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It should be noted the above formulae assume that the natural ground-
water level remains constant throughout the test For the case where the
natural groundwater varles, see Hvorslev (f957),

2} Method 2 (Constani-fiead Test after Grbson, 1963).

‘,’g‘} N £ 24
=
¢ = T N £
T wn®

where k Is the permeability of soil,
C Is the coefficient of consolidation or swelling,

G Is the steady state of flow (read off the ¢ 1/vt
grapl at 1-vt = 6J,

F  Is the Intake factor (Figures 28 and 29),
H. Is the constant head,

r Is the radius of a sphere egqual in surface area
to that of the cylindrical tip,

1 Is the slope of the g, /vt graph.
The following points regarding this method should be noted :

(a) Heads are referred to natural groundwater flevel before
the test.

(b) The method makes allowance for the compressibility of
the soil and also permrts the coefficient of consolidation
or swelling to be calculated. :

fc/) The flow, g, has, In theory, a linear relationship with
It In practice, it may take some lours for the plot
lo come on a strafght line. The line can then be
extrapolated to give ¢, and n, where the test would
otherwise take too long.

21.4.7 Advantages and Limitations

For most types of ground, lield permeability tests yield more refiable
data than those carried out Iin the laboratory, because a larger volume of
malterial Is tested, and because the ground is tested insitu, thereby avoiding
the disturbance associated with sampling. The appropriate choice of drilling
method and careful drilling technigque are necessary to avoid disturbing the
ground to be tested. In granular soils, the ground may be loosened below the
bottom of the borehole; in layered deposits of varying permeability, a skin of
remoulded mixed material may be formed on the walls of the borehole, thus
blocking the more permeable layers, in jointed rock, the joints may be blocked
by the drilling debris.
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In very soft marine clays, it is very difficult to carry out a successful
permeability test because of the low permeability of the soil, its
compressibility, and the possibility of hydraulic fracture arising from the
relatively large head required for a falling-head or constant-head test.

Constant-head tests are /likely to give more accurate resufts than
varfable-fead tests, but, on the other hand, variable-head tests are simpler to
perform. The water pressure used in the test should be less than that which
will disrupt the ground by fhydraulic fracturing. It has been shown that
serious errors may be introduced if excessive water pressures are used
(Bjerrum et al, 1972). [In general, it is recommended that the total increase in
water pressure should not exceed one half the effective overburden pressure.
wWith soils of high permeability, gqreater than about 10> m/s, llow rates are
lrkely to be farge and head /losses at entry or exit and in the borehole may be
high. In this case, field pumping tests, where the pressure distribution can be
measured by piezometers on radial lines away from the borehole, will probably
yvield more accurate results; these are described in Chapter 25. When the test
Is carried out within a borehole using the drill casing, the lower [imit of
permeability that can be measured reliably Is determined by the watertightness
of the casing joints and by the success achieved in sealing the casing into the
ground. In soil, the relfable lower lmit is about 10-° m/s. [In lower
permeability solls and unweathered rock, it is advisable to carry out the test
using a standpipe or piezometer whiclh Is sealed within the test length using
grout. In ground of low permeability, the flow rate may be very small, and
measurements may be subject to error owing to changes in temperature of the
measuring apparatus.

The permeability of a compressible scil is influenced by the effective
stress at which it is measured, and there may be significant differences
between the results of inflow tests, in which effective stress is reduced, and
the results of outflow tests, in which it is increased. The test to be used
should model the field conditions as closely as possible, e.q. where the
conditions indicate increasing effective stress, such as in embankment
construction, a rising-head test should be used; for the case of decreasing
effective stress, such as when assessing the quantity of inflow into an
excavation, a falling-head test would be appropriate. The permeability of soil
around the borehole may also be influenced by changes in its stress history
owing to installation of the borehole and any previous permeability tests
performed on it.

The compressibility is inflvenced in a simflar way, and ths may affect
the results achieved., The accuracy with which the coefficient of permeability
may be deduced from variable-head tests decreases with the coefficient of
consolidation of the sofl being tested. in principle, the coefficient of
consolidation or swelling may be deduced from the results of both constant-
head and variable-head tests. In practice, results of only limited accuracy can
be obtained, owing to difficulties in interpretation and the extent to which the
stress history of the soil adjacent to the borehole Is modified by the
installation of the borehole.

Execution of the borehole permeability test requires much expertise, and
small faults in technigue lead to errors of up to one hundred times the actual
value. Even with considerable care, an individual test result is often accurate
to one significant fiqure only. Accuracy will usuvally be improved by analysing
the resulls of a series of (tests. However, in many tyvpes of grouvnd,
particularly stratified soil or jornted rock, there may be a very wide variation
in permeability, and the permeability of the mass of ground may be determined
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by a reflatively thin layver of fhigh permeability or a major joint. Very
considerable care is needed In Interpreting the test data. [In cases where a
reliable result is required, the programme of borehole permeability tests Is
generally foflowed by a full-scale pumping test (see Chapter 25).

21.5 PACKER (WATER ABSORPTION) TESTS
21.5.1 General Principles

The packer or Lugeon test gives a measure of the acceptance by insrty
rock of water under pressure. The test was originally introduced by Lugeon
(1933) to provide an acceptable standard for testing the permeability of dam
foundations. In essence, it comprises the measurement of the volume of water
that can escape from an uncased section of borehole in a given time under a
given pressure. Flow Is confined between known deptlis by means of packers,
hence the more general name of the test. The flow Is confined between two
packers in the double packer test, or between the packer and the bottom of
the borehole In the single packer test. The test Is used to assess the amount
of grout that the rock will accept, to check the effectiveness of grouvting, to
obtain a measure of the amount of fracturing of the rock (Snow, 1958), or to
give an approximate value of the permeability of the rock mass adfacent to the
borehole.

The results of the test are usually expressed in terms of Lugeon units.
A rock is said to have a permeability of ! Lugeon if, under a fHead above
groundwalter fevef of 100 m, a ! m length of borefiole accepts ! litre of water
per minuvte. Lugeon did not specify the diameter of the borefiole, which is
usually assumed to be 76 mm (N sizel), but the test is not very sensitive fo
change in boreliole diameter unless the length of borefole under test is small.

When the packer test is carried out at shallow depths, as is frequently
the case in Hong Kong, the applied water pressure must be limited to a value
that will not cause hydraulic fracturing of the ground (see Section 21.5.3).
This often leads to the test being conducted at pressures of 50 to 500 kPa,
and extrapolation is then necessary to obtain the Lugeon value equivalent to a
100 m water head (approximately 1 MPa pressure).

If the rock discontinuity spacing is sufficiently close for the test section
to be representative of the rock mass, a mass permeability can be calculated
as described in Section 21.5.6. A simple rule that is sometimes used to
convert Lugeon values into mass permeability is to take one Lugeon as equal
to a permeability of 10-7 m/s.

As the packer test is used to assess the potential for water to penetrate
rock discontinuities, clean water should be used as the drilling fluid when
forming the borehole, rather than drilling mud. If drilling mud has been used,
the hole should be thoroughly flushed out prior to packer testing; appropriate
explanatory notes should also be given with the test data. In situations where
only salt water is available to conduct the test, this should also be clearly
indicated on the test results,

21.5.2 Packers

Several types of packer are in use, such as the mechanical tail pipe, the
manual mechanical-expanding packer and the fydraulic self-expanding packer,
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but by far the most commonly used Is the pneumatic packer.

This comprises a rubber canvas duct tube which can be inflated against
the sides of the borehole by means of pressurized gas (Figure 3/). Bottled
alftrogen or oxygen is fed down the borehole through a small diameter nylon
tube. The inflation pressure has to be sufficient to expand the packer against
the head of water in the borehole, but not sufficient to cause heaving of the
ground surface or fracturing of the rock. A useful rule of thumb Is that the
pressure, In kPa, should lie between 12 times and 17 times the depth, In
metres, of the borehole. The difference between the diameter of the
uninfiated packer and the diameter of the borehole should be such that the
Dpacker can be easrly inserted. At the same time, the inflated diameter of the
Dpacker should be sufficient to provide an efficient seal A double packer Is
two packers connected by a length of pipe of the same length as the lest
section. TIhe test water Is Introduced between the packers.

21.5.3 Application and Measuremen! of Pressure

Water pressure Is applied by a flush pump as used for diamond bit core
drilling. The maximum water pressure which should be applied should not be
sulficient to cause uplift of the ground or to break the seal of the packers in
deep holes in weak rock. The standard head of 100 m above groundwater level
may not be attarnable in these conditions.

The applied pressure should not exceed overburden pressure at the test
depth, and it may be necessary to keep the pressure well below the overburden
pressure, as under some circumstances vertical cracks can develop in weak
rocks at pressures much lower than this value. Excessive pressure may be
detectable by careful analysis of the test data, e.g. an abrupt change of slope
in a graph plot of applied water pressure versus flow rate may indicate
possible hydraulic fracture during the test.

The pressure to be determined for use in the calculation of permeabiiity
is that causing flow into the rock Itsell. This is sometlimes measured directly,
but it Is more usual to measure it at ground level by means of a Bourdon
gauge, with the readings adjusted in accordance with the following expression .

h =P+ (F-H)-H B - 7
where £ Is the pressure head causing flow into the rock (m),
P Is the Bourdon gauge reading converted to head rm),

H Is the height of Bourdon gauge above the mid-point of
test sectron (m/),

Ho Is the height of natural groundwater level above the mid-
point of test section (m),

He Is the friction head loss in the pipes (m).

The pressure gauge should be positioned so that it will give a true
reading without interference from local pressure variations induced by flow
through the pipe work. The nratural groundwater level should be measured
before the test begins. This Is not always easy, especially when the rocks are
of low permeability, and water has been used for flushing purposes during
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drilling. If necessary, separate observation wells should be installed, and the
groundwater levels should be measured over a period to establish the general
groundwater level. Friction head loss in the pipes is best established by means
of a calfbration test, with the pipe work /aid out on the ground.

Calibration must be carried out for each test arrangement (pump, packer,
valves and by-pass, pressure gauge and flowmeter) with various lengths of drill
rods and varying flow rates. All pressure gauges and flow meters used in the
test should be calibrated regularly.

21.5.4 Measurement of Flow

The rate of flow of water may be measured either by a flowmeter or by
direct measurement of flow out of a tank of known dimensions by means of a
dipstick or depth gauge. Wwhere a flowmeter is used, 1t should be installed
upstream of the pressure gauge, well away from bends or fittings in the
plpework, and In accordance with the manufacturer's instructions. The
accuracy of the meter should be checked before the test begins, and
periodically afterwards, by measuring the time taken to Gl a container of
known volume at different rates of flow. Where the flow out of a tank Is to
be measured, the use of one large tank can lead to inaccuracies where the
plan area Is large and the fall in level correspondingly small 4 better
arrangementt is to use a number of small containers.

Flowmeters are prone to inaccuracies, especially at low flow rates, and
calibrations should therefore be carefully checked on site. Industrial water
meters commonly available in Hong Kong are not sufficiently accurate for use
in the packer test. For very low flows, a rotameter board with a series of
graduated tubes can provide an accurate measurement of flow rate, as can an
orifice plate meter.

21.5.5 Execution of Test

The test may be carried out either as a single or as a double packer
test. The single packer test Is generally to be preferred because any leakage
past the packer can be detected, whereas leakage past the lower packer in the
double packer test cannot. However, the single packer test normally has to be
done perrodically during the drilling of the hole, which makes it more costly.
An Important point Is to ensure that the packer Is properly seated In the
borehiole. Where a complete core has been recovered from the borefiole, or
where appropriate logging or television Inspection has been carried out a
careful examination may reveal suitable places to seat the packer. Where the
sealing proves unsatisfactory, the length of the test section should be altered
or lest secltions overlapped, so as to seat the packer at a different depth in
the borehole.

While the number of packer tests carried out in a borehole depends on
the requirements of the project, it is usual to test the whole length of the
borehole that is in rock. However, the upper limit of testing may be
constrained by the highest level at which a packer can be sealed satisfactorily.
Typically, overlapping tests are used, each having a test section length of 3 to
6 m. In any case, the test section length should not be less than ten borehole
diameters so as to minimise end effects.

It is customary to run a staged test at each location, using different
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pressures. A five-stage test is desirable, with the maximum pressure applied in
three equal increments and then reduced with decrements of the same amount
(Figure 32). The data obtained from these measurements are particularly
useful in assisting in the interpretation of the behaviour of the rock under
test.

The water level in the borehole above the packer should be observed
during each test, as a rising level may indicate that leakage is occurring
around the upper packer.

21.5.6 Results and Interpretation

The varying values of pressure and flow recorded during the test may be
plotted as shown in Figure 33. The interpreted Lugeon value, L, is given by
the forrnula :

L = (100/D(q/h} R 42
where 100 is the standard head of water (m),

1 is the length of test section (m),

q is the flow rate (litres/minute),

h is the pressure head causing flow into the rock (m)
(see Section 21.5.3),

q/his the slope of graph as shown in Figure 33.

Where a test has been conducted at pressure heads considerably less
than the standard 100 m head, the Lugeon value may be somewhat over-
estimated by the above formula, due to possible differences in energy loss
between laminar flow (at low head) and turbulent flow (at high head). Further
considerations on test interpretation are given by Houlsby (1976).

21.86 PLATE TESTS
21.6,1 Ceneral

The plate test Is one particular application of the vertical loading test,
and the general procedures for the test are described in Section 29.1. Only
the specific problems which drise from carrying out the test in the bottom of
a borehole are discussed in this Section. Wherever practicable, the test should
be conducted in a borefole which is of sufficient diameter for a lechnician to
enter, clean out the bottom, and bed the plate evenly on undisturbed ground.
Careful attention should be directed towards safety for operators working
below ground (see Section 18.2 and Appendix E). where, for reasons of
economy, the test is conducted in a small diameter borefiole, the cleaning of
the bottom and the bedding of the plate has to be done from the surface, so
that 1t is very difficult to be certain that the plate is not resting on disturbed
material. This would of course, limit the value of the results.

The techniques used for tests In large and small diameter boreholes
differ in some respects and, where differences occur, the methods are
described separately in Chapter 29. I'he diameter of the plate used should, so
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far as practicable, be egual to that of the borehole, provided that care is
taken to eliminate cohesion or friction on the side of the plate. Except in
strong materials, the plate should have a skirt as shown in Figure 43 (see
Section 29.1.4). Where the diameter of the plate is significantly less than that
of the borehole, the results of the test become difficult to interpret. At a
hole-diameter to plate-diameter ratio greater than about 3:2 the parameters
being measured are those pertaining to a load at a free surface and not at
depth vnder confined conditions, which are usually the conditions of interest.

21.6.2 Limitations

The general lmitations of the vertical load test are discussed in
Section 29.1.2 and they apply similarly to the borehole test. Additionally, in
the bottom of a borehole it is more difficult to achieve a satisfactory bedding
of the loading plate on the test surface, and hence valves obtained for the
deformation parameters may be of limited significance.

21.6.3 Preparatron

Where. necessary, casing should be used to support the sides of the
borehole and to seal off water seepages from materials that are above the test
elevation. When the test is to be carried out below the prevailing water table,
dewalering by pumping or baling from within the borehole may cause seepages
which drsturb the ground and have an adverse effect on its deformation
characteristics. It would then be necessary to resort to external dewatering
(see Section 29.1.2/. If the test I's undertaken only for measuring the strength
parameters, disturbance due to groundwater seepage may be a less significant
factor and the borelole may be emptied, If this i's possible, while the plate is
being installed. The water should be allowed to return to its normal rest level
before the test I's commenced. Alternatively, the plate can be installed vnder
water, although it may not then be possible to set the plate sufficiently
accurately for the deformation characteristics to be measured.

2l.6.4 Fedding of the Plate

(1) Large Diameter Boreholes. Subject to safety reguirements (see
Appendix E), a technician should be lowered to the bottom of the borehole to
remove all loose soil manually, after which the plate I's bedded as described In
Section 29.1.3.

(2} Small Diameter Boreholes. The cleaning is carried out by means of
a suitable auger or hinged bucket operated at the end of a drill rod assembly.
A layer of neat cement mortar Is then placed at the bottom of the borehole b 4
means of a tremie or bottom opening bucket, and the plate lowered down the
hole and lightly pressed on to the surface of the mortar. Plaster and resins
can also be used for bedding.

21.6.5 Application and Measurement of Load

The plate is usvally loaded through a column formed by a steel tube,
with the load applied to the column by means of an hydraulic jack operating
against the resistance of kentledge, tension piles or ground anchors, as
described in Section 2¢.1.4.
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21.6.6 Measurement of Deflection

The movement of the plate under /load is generally transmitied to dial
gauvges at the surface by means of a settlement measurement rod that is
located within the steel tube by which the load is applied. The rod iIs
restrained from lateral movement by rod guides fixed within the tube.
Methods of supporting the dial gauges are given in Section 29.1.4.

21.6.7 Execultion of Test

The method of carryving out the test is given rn Section 29.1.6.

2l.6.8 Uses of the Test

(1) Large Diameter Boreholes. The main use of the test is lo determine
the strength and deformation characteristics of the ground. It is sometimes
used to establish the working foad of piles (Sweeney & Ho, 1982).

(2) Small Diametler Boreholes. The deformation characteristics obtained
are of very dubious value owing to doubts about the eliminatior of ground
disturbance and errors resulting from unsatisfactory bedding of the plate. The
main use of the test is for measuring Lhe strengtlr characteristics of llose
cofesive soils in which undisturbed samples cannot be oblained, e.q. some
gravelly clays and very weak rocks. The plate diameter should be large in
relation to the structure of the ground.

21.6.9 Supplementary Test

Although not strictly a plate lestl, a lest Is sometimes made by insity
methods to delermime the coelfficient of friction between the ground and
concrete as an aid to the assessment of shaft friction for pile design. At the
bottom of a borehole is placed either a layer of compressible material or a
suitably-designed collapsible container. The shaft above this level is then
filled with concrete while the casing Is withdrawn. Wwhen the concrete f1as
sulficient!ly matured, the load is applied, and the dellection measured in a
manner similar to that described in Section 2/.6.6. Where tfhe shaft friction of
only part of the ground profile is required, as in a rock socket. the concrete
is first brought up to the Jlevel of the top of the ground layer concerned, and
the shaft is continued in smaller diameter.

21.6.10 Horizontal Plate Tests

The plate test may also be conducted horizontally within a large
diameter borehole or caisson (Whiteside, 1986). In this case, either two tests
can be conducted simultaneously on opposite sides of the caisson, or the
caisson wall opposite the test can simply be used to provide the necessary
reaction force. Casing or lining of the caisson must of course be kept well
away from the test location. Guidance on interpretation of test results is
given in Section 29.2.
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21.7 PRESSUREMETER TESTS
21.7.1 Test Description

In a pressuremeter test a probe Is Inserted Into a pocket below the
bottom of a borehole or directly Iinto the appropriate size of borehole and
expanded laterally by compressed air or gas. The applied pressures and
resulting deformations are measured and enable the strength and deformation
characteristics of the ground to be investigated,

The earliest Instrument and that in most general use, Is the Ménard
pressuremeter (Ménard, 1965). With this instrument, the lateral load is applied
by a probe consisting of a water-filled central measuring cell flanked by two
guard cells, either gas-filled or water-filled, depending on the type of
Instrument.

Readings are taken at the ground surface on pressure and volume gauges
which are connected to the central cell by means of a back-pressured annular
plastic tube. The pressure tube and probe must be calibrated on site. The
function of the guard cells is to ensure a condition of plane strain in the
ground in contact with the central cell. The probes are manufactured in four
sizes up to 75 mm diameter, and can be operated at considerable depths. The
Ménard pressuremeter can be used in soil or weak rock, but is not suitable for
stronger rock, since the Instrument Is limited by its sensitivity to the tube
calibration. It can be used in granular soils where special means are used to
insert It.

Another pressuremeter that fas been developed has a 150 mm diameter
gas-expanded probe in which the deformation is measured directly by
potentiometers located in the centre of the probe (McKkinlay & Anderson,
1975}, It can be used to determine the deformation characteristics of the
more deformable weathered rocks.

A wireline-operated push-in pressuremeter exists and has been in use in
an offshore environment (Fyffe et al, 1986). Self-boring pressuremeters, which
can be inserted into some soil types with minimal disturbance, have also been
developed (Baguelin et al, 1978; Windle & Wroth, 1977). Pressuremeter testing
in rock is described in Section 21.7.5.

21.7.2 Equipment Calibration

The probe and tubing of the pressuremeter require calibration on site, as
follows :

(3) Pressure calibration. This is to account for pressure
losses which occur because of stiffness of the rubber
membrane and slotted steel sheath of the probe.

(b) Volume calibration. This is to account for volume losses
which occur because of expansion of the connecting
tubes.

Pressure and volume calibrations should be carried out at the beginning
and end of a testing programme, or whenever lengths of connecting tubes are
changed, new sheaths or membranes are installed, any water line subjected to
vacuum or pressure has been suddenly released, or any other factor affecting
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the calibration has changed. In addition, the hydrostatic pressure due to fluid
in the test equipment below the pressure gauge should be determined prior to
each test.

21.7.3 Forming the Test Pocket

The formation -of a suitable test pocket is a crucial step in
pressuremeter testing, as the test data are obtained by radial expansion of the
probe of only a few millimetres and even a thin disturbed zone around the
pocket will affect the results. The test pocket must therefore be formed with
minimal disturbance of the sidewalls, and with the proper diameter for the
instrument to be used. The water flush rotary open hole drilling technique
with open-ended casing (rotary wash boring, see Section 18.7.1) should not be
used to form the test pocket. Briaud & Gambin (1984) have outlined pro-
cedures for preparation of an acceptable test pocket of the required diameter,
as well as methods of placing the probe and conducting the test.

21.7.4 Results and Interpretation

The test is normally conducted by increasing the pressure in equal
increments and taking volumetric readings at time intervals after application of
each pressure increment. Values of the soil deformation modulus are then
interpreted from these data. Winter (1982) has discussed the presentation and
interpretation of results for both granular and cohesive soils. A discussion of
the application of the pressuremeter to foundation design in Hong Kong is
given by Chiang & Ho (1980).

21.7.5 Tests In Kock

In strong rocks, It is necessary to use instruments of high sensitivity in
which the deformation of the rocks Iis measured over small strain ranges by
electronic transducers located within the probe. There are two types of
instrument available : a [flexible tvpe 73 mm In diameter, operated
hydraulically by oifl to a pressure of about I4 MPa (Rocha et al, 1966); and a
rigid type, consisting of a steel cylinder split vertically into two halves and
called the Goodman jack (Goodman et al, 1968/ The rigrd type Is also
operated hydraulically by oil, but with a considerably higher pressure than the
flexible type, and is therefore particularly surtable for rocks in the higher
modulus range.

The Goodman jack is capable of exerting pressures in excess of 60 MPa
within a normal NX size borehole. A method of estimating the insitu modulus
of deformation from tests with this device is presented by Heuze (1984).

21.8 BOREHOLE DISCONTINUITY SURVEYS
21.8.1 Impression Packer Survey

An impression packer survey provides an assessment of the orientation
and aperture of discontinuities in a borehole in rock by means of an inflatable
rubber membrane which presses an impressionable thermoplastic film against
the borehole wall (Figure 34 and Plate 9). The impression packer can be used
to provide data for the design of rock slopes, excavations or tunnels (Brand et
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al, 1983: Gamon, 1984a; Starr & Finn, 1979), and it can be used in conjunction
with the packer (water absorption) test to define the location, orientation and
opening of discontinuities where high water losses have occurred.

The impression packer device is commonly available in sizes to fit N and
H size boreholes. A borehole length of about 1.5 m can be surveyed with each
test, after which the device must be withdrawn from the hole and the
thermoplastic film changed. Tests can be conducted as drilling progresses, but
more commonly a series of overlapping tests are run after drilling has been
completed in order to obtain a full survey of the borehole. Use of the device
is usually restricted to vertical or slightly inclined boreholes.

Care must be taken when lowering the device into the borehole so that
the thermoplastic film is not scuffed or damaged. The packer may be inflated
by either air pressure or water pressure applied through a central perforated
tube. Two metal leaves, curved to match the borehole wall, thereby force the
impressionable thermoplastic film against the borehole wall, causing a
permanent impression to be registered on the film. The device must be fully
deflated before removal, or the film may be damaged.

The device may be orientated in the borehole in two ways, depending on
the accuracy required :

(a) By positioning the two metal leaves in a known direction
at the surface, and subsequently marking this direction
on each drill rod as the device is lowered into the
borehole. This method, suitable only in shallow holes
and when drill rods are utilized, is usually only accurate
to about *5° in orientation at best.

(b) By the use of an orientation instrument attached to the
bottom end of the device. The orientation of a floating
compass is set within a fixative solution at the time the
packer is inflated, providing a record of orientation that
can later be transferred onto the thermoplastic film.
Somewhat better accuracy may be achievable with this
technique.

It is recommended that test sections should be overlapped to the extent
that at least one discontinuity common to adjacent sections is recorded. This
will provide data for checking the north direction between successive
impressions. Data from such surveys should also be checked against relevant
data from surface exposures whenever possible.

An example of an impression packer survey is given in Figure 35.

21.8.2 Core Orientators

Several devices are available for determining the orientation of drill
core, of which the Craelius core orientator has been widely used (Hoek &
Bray, 1981). This mechanical device is usually installed in a fixed orientation
in a core-barrel, and it initially protrudes ahead of the barrel in order to
sense and record the contour of the rock surface. The core orientator then
proceeds up the core-barrel and core drilling commences. Upon retrieval of
the core sample, the uppermost core segment can again be matched against the
core orientator and its relative orientation can be determined. The remainder



128

of the core run may then be oriented with respect to the uppermost core
segment.

The Craelius core orientator can operate in steeply inclined or horizontal
boreholes as well as vertical holes, but it does not provide information on the
aperture or infilling of discontinuities, nor does it provide a permanent record
of discontinuities. In addition, the orientation of the core must be determined
relative to the uppermost core segment, and this may prove difficult where
core recovery is poor or where the core contains sub-horizontal joints (Gamon,
1984a).
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22. FREQUENCY OF SAMPLING AND TESTING IN BOREHOLES

22.1 GENERAL PRINCIPLES

The frequency of sampling and testing in a borehole depends on the
information that is already avarlable about the ground conditions and the
technical objectives of the investigation. In general the field work will cover
three aspects, each of which may require a different sampling and testing

programme and may also require phasing of operations. These aspects are as
follows :

(a) the determination of the character and geological
structure of the ground,

(b) the determination of the properties of the various zones
or materials whose locations have been determined in (a),
using routine techniques for sampling and testing,

(c) the use of special techniques of sampling and testing in
ground for which routine techniques may give
unsatisfactory results.

22.2 DETERMINATION OF THE GROUND PROFILE

In areas where suitable information about the ground profile is available
from previous investigations, it may be possible to reduce the need for this
aspect. Otherwise, it is necessary to determine as far as possible the location,
character and structure of each zone in the soil or rock mass. Some zones
may be quite thin, and continuous sampling of the entire borehole may be
required in order to obtain the necessary information.

In soils derived from insitu rock weathering, colluvium and some fill
materials, the ground profile can be defined by taking samples using a triple-
tube core-barrel. Samples should be taken continuously or at close intervals
supplemented by standard penetration tests. Continuous rotary coring should
be undertaken in fresh to moderately decomposed rock. Where a run with the
rotary core-barrel results in poor core recovery, it may be useful to try to
recover a small drive sample using the split barrel SPT sampler. However, this
does not obviate the need to adjust the rotary coring equipment and
techniques in order to obtain the best core recovery possible.

In fine cohesive solf, and some silty sand, consecutive drive samples can
be obtained using the 100 mm diameter sampler, or similar. In soft clay or
sand, the barrels of the sampler can be coupled together to form a sampler
I m in length and, if necessary, the core-catcher can be used to help retain
the samples. In soft clays, it i's generally good practice to obtain at least one
complele profile for the site using the continuous piston sampling technigue,
Special sampling equipment Is available for taking long continuous samples In
soft clay, loose silt and floose silty sand (see Section 19.6).

In coarse granular soil, such as gravel, it is advisable to take disturbed
samples from the drill tools (see Section 19.3), together with split barre/
standard penetration lest samples (see Section 19.4.5) at about 1 m intervals.

Some of the soll samples obtained by drive sampling or rotary coring, if
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not required for 'undisturbed’ tests, should be split along their longitudinal
axls and carefully examined and described in their fresh condrition. This
exercise should be repeated later when sorl Is In a semi-dried state and the
fabric may be more readily identified. Where highly variable ground conditions
are expected, it may be advantageous to sink one or more boreholes first,
either by rotary core sampling or by cable tool boring with continuous tube
sampling. The cores or tube samples can then be examined to give guidance
for sampling at selected depths in other borelioles which are sunk subsequently
close to the initial boreholes (see Section Z22.4).

22.3 ROUTINE DETERMINATION OF SOIL AND ROCK PROPERTIES

Once the zones or materials whose properties are likely to be relevant
to the technical objectives of the investigation have been identified, these
properties may be assessed using routine or special techniques (the latter are
discussed in Section 22.5). The programme of sampling and testing should be
varied to suit the particular requirements of the investigation and the
equipment that is in use.

The following programme is an example of a reasonable sampling and
testing frequency where a borehole is being sunk through colluvium or
weathered rock into fresh rock by means of rotary coring :

(a) Colluvium and soils derived from insitu rock weathering.
At the top of each zone or layer in the ground, and
thereafter at 1.5 to 3 m intervals, an ‘'undisturbed’
sample, i.e. class 1 or class 2 sample (see Section 19.2),
followed by a standard penetration test should be taken.
A disturbed sample should be recovered from the SPT
sampler whenever possible.

(b) Moderately decomposed to fresh rock. Continuous rotary
core sampling should be undertaken.

22.4 DOUBLE-HOLE SAMPLING

In this method, a borehole is first sunk to ascertain the ground profile.
A second borehole is then sunk adjacent to the first, but at a sufficient
distance away from it to avoid the disturbed zone, and samples are taken at
predetermined levels. This method may be used where high variability in
ground conditions is expected, e.g. in variable sedimentary deposits, or for the
location and sampling of the shear zone material in a failed slope.

22.5 SPECIAL TECHNIQUES

Special techniques of sampling and testing include the following :

(a) Sampling techniques. These include the use of sand
samplers, piston samplers and continuous soil samplers.

{b) Testing techniques. These include vane tests, cone
penetration tests, plate tests, pressuremeter tests, packer
tests and discontinuity surveys.
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Some of the egquipment used in these techniques Is fragile, and easily
damaged If used in unsuitable ground. It should preferably be used only where
It Is known that ground conditions are suitable.

Using a special sampling technique, the frequency of sampling in sand
and in soft sensitive clay will in general be determined by similar consider-
ations o those given in Section 22.3. However, If the material requiring the
use of a special sampling technigue Is of limited thickness, it may be advisable
lo take samples at smaller than usual depth intervals so as to obtain a
sufficient guantity of that material.

In the borehole vane test, only the small volume of clay that is rotated
by the vane is tested, and individual results often show a considerable scatter.
For this reason, vane lests should be carried out as frequently as possible.
The vertical interval will be determined by the depth at which Lhe test is
carried oyt below the bottom of the borehole; this interval is usuvally 500 mm.
Closer spacing can be obtarined using the penetration vane apparalus.

The cone penetration, pressuremeter and packer tests, as well as
discontinuity surveys, are generally taken continuously, or such that complete
coverage of the borehole is provided.

Where a series of plate tests Is required at increasing deptlis, the
minimum spacing Is determined by the depth to which the soil has been
stressed by the test. A vertical interval of about four limes the borehole
diamelter Is usually adegualte.
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23, PROBING AND PENETRATION TESTING

23.1 GENERAL

Probing from the surface probably represents the oldest method of
investigating the depth to a hard layver where the overlving material is weak
and not unduly thick. The simplest probe Is a sharpened steel rod which rs
pushed or driven into the soll until it meets resistance. The method Is still of
use where other means of site investigation fiave disclosed relatively thin
layers of very soft soils overiving much harder solfs. iIn svch cases, the
thickness of the soft layver may be determined over a wide area very quickly
and economically. The method has many [mitations, and a variety of more
sophisticated apparatus has been developed, both In an attempt to overcome
these drawbacks and to extend the use beyond that of detecting a hard layer,
eg tlo glive some measure of the allowable bearing capacity of the solls
present. Two distinct tyvpes of probe fave been developed . one where the
probe Is driven into the soil by means of some form of hammer blows the
other where the probe is forced into the soll by a static lfoad.

23.2 DYNAMIC PROBING

The apparatus for dynamic probing comprises a sectional rod fitted at
the end with a cone whose base is of greater diameter than the rod. 1t is
driven into the ground by a constant mass falling through a fixed distance. A
device commonly used in Hong Kong is the GCO Probe (Figure 36 and
Plate 10A), which is essentially a larger and heavier version of the Mackintosh
Boring and Prospecting Tool. Probe results are very useful for assessing the
depth and degree of compaction of buried fill, making comparative qualitative
assessments of ground characteristics, and in supplementing the information
obtained from trial pits and boreholes. Probing has also been carried out in
the base of hand-dug caissons (Evans et al, 1982). Probe results are normally
reported as the number of blows per 100 mm penetration, as shown in
Figure 37.

As additional rods are added for probing at depth, the driving energy
provided to the tip is attenuated by the additional mass of the rods.
Correction of the probe values is sometimes made to allow for this effect.
The correction is negligible at the shallow depths at which many probings
terminate, and it is unnecessary to apply a correction if only qualitative
comparisons between probe results at similar depth are being undertaken.

The fact that the rod and couplers are somewhat smaller in diameter
than the base of the cone prevents, to some extent, shaft friction from
influencing the results; however, at depth in certain soils, this factor should
also be considered.

The primary use of dynamic probing is to interpolate data between trial
pits or boreholes rapidly and cheaply. Therefore, probing should first be
carried out adjacent to a trial pit or borehole where ground conditions are
known, and then extended to other areas of the site. As with other types of
penetrometers, probing may 'sometimes be unsuccessful in soils containing
corestones, cobbles or boulders. 1In fill or completely decomposed rock, the
maximum depth to which a2 GC0O probe can be driven is about 15 m. In order
to minimise damage to the equipment, probing should terminate when the blow
count reaches 100, or when the hammer bounces and insignificant penetration
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is achieved.

23.3 STATIC PROBING OR CONE PENETRATION TESTING
23.3.1 General Description

Several types of static probing equipment have been developed and are
in use throughout the world (De Ruiter, 1982; Sanglerat, 1972). The basic
principles of all systems are similar, in that a rod is pushed into the ground
and the resistance on the tip (cone resistance) is measured by a mechanical,
electrical or hydraulic system. The resistance on a segment of the rod shaft
(friction sleeve resistance) may also be measured. Static probing, or cone
penetration testing, is also known by a number of other descriptive terms,
depending on the manufacturer or operator of the particular device being used.

There is no British Standard for cone penetration testing, but suitable
recommendations are given by the ISSMFE (1977) and the ASTM (1985k). Both
of these test standards recognize a number of traditional types of penetro-
meters, and it is imperative that the actual type of instrument used is fully
documented, as the interpretation of the results depends on the equipment
used. Two common types of penetrometers, mechanical and electrical, are
described further in Sections 23.3.2 and 23.3.3 respectively.

The reaction required to achieve penetration of the cone may be
obtained by screw anchors, the weight of the thrusting machine, kentledge, or
a combination of these. When cone penetration testing is done in shallow
water, the thrusting machine may be secured to a jack-up platform (see
Section 14.7).

23.3.2 Mechanical Cone Penetrometers

Two common mechanical cones, the Dutch mantle cone and the Dutch
friction sleeve cone, are shown in Figure 38 (see also Plate 10B). These cones
were developed mostly at the Delft Soil Mechanics Laboratory in the 1930's.
With either type, the cone is pushed into the ground by a series of hollow
push rods. With the mantle cone, the force on the cone is then measured as
the cone is pushed downward by means of inner rods inside the push rods.
This force is generally measured at the ground surface by a hydraulic load
cell. With the friction sleeve cone, the same initial measurement is made, and
then a second measurement is taken while the cone and friction sleeve are
together pushed downward a further increment. The friction is calculated by
deducting the former reading from the latter. This procedure is normally
repeated at regular depth intervals of 0.2 or 0.25 m.

An alternative quick continuous method of penetration is sometimes used
with the mantle cone. In this method, the cone and push rods are pushed into
the ground with the cone permanently extended and connected to the load cell.
Accuracy is reduced in this operation, however, and the free movement of the
cone should be checked at frequent intervals.

For accurate work, the weight of the inner rods should be taken into
account in calculations. In very soft soils when soundings are carried to a
significant depth, the weight of the inner rods may exceed the force on the
cone or cone plus jackel, in these circumstances, it is Impossible to obtlain
readings. This effect can be reduced by the use of aluminium inner rods. The
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inner rods should be free to slide inside the push rods, and the cone. and
friction jacket where used, should be checked for free sliding both at the start
and at the end of each penetration test. All push rods and inner rods should
be straight, clean and well-oiled internally. The accuracy of the load and
pressure gauvges should be checked perfodically by calibration.

23.3.3 Electrical Cone Penetrometers

A number of tyvpes of electricallyv-operated cone are in use, and these
generally Incorporate vibrating wire or impedance straln gauges for measuring
the force on the cone and friction jacket In use, the cone is advanced at a
uniform rate of penetration by pressure on the top of the push rods, and
Signals from the load-measuring devices are carried to the surface by cable
threaded through the pusth rods. Forces on the cone, and friction jacket, can
either be displayed on a readout at the surface or recorded automatically on a
chart recorder, puncfhed tape or magnelic tape. Exclusive recording on
punched tape or magnetic tape which does not allow direct access to the data
during or immediately after sounding is not recommended. Provision should be
made for calibration of the /force-measuring system at regular Intervals,
preferably on site. An Inclinometer bullt ifnto the cone Is available with some
equipment.

The cones are generally parafle/-sided, and the friction jacket where
litted, ris Immediately behind the point, as shown in Figure 39z (see also
Plate 10B}. However, paralle/-sided electrical cones do not give exactly the
same results as those obtained with the mechanical cone penetrometer,
although the difference is usuvally of little importance. Electrical cones with a
profile modified to give better agreement with the mechanical cone are afso
avarlable (Figure 390 and c/.

One particular type of electrical cone penetrometer is the "Brecone",
which has a combined 5 kN and 50 kN force measurement range (Rigden et al,
1982). It has the advantage of being able to measure cone resistances in clays
containing dense sand layers without suffering damage to the more sensitive
load cell.

The recently developed "piezocone”, which incorporates a pore pressure
transducer within an electrical cone, has also found application in some Hong
Kong marine investigations (Blacker & Seaman, 1985 Fung et al, 1984;
Koutsoftas et al, 1987)

23.3.4 General Recommendations

The following general recommendations apply to cone penetration testing,
whether undertaken with mechanical or electrical cone penetrometers :

ta) The cone cross-sectional area should be I 000 mm2 and
the cone apex angle should be 60°

(b) The friction sleeve, If present should have a surface
area of 15 000 mm?2

(c) The rate of penetration should be 20 ¢+ 5 mm/s.
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(d}) Force measurements should be accurate to within 25% of
the maximum force reached in the test,

23.3.5 Uses and Limitations of the Test

The cone penetrometer test Is relatively guick te carry out and
inexpensive i comparison with boring, sampling and laboratory testing. [t fas
traditionally been used to predict driving resistance, skin friction, and the end
bearing capacity of driven prlles in granular soils. In recent years, tfie cone
penetrometer test has also been used to give an indication of the continuous
solf profile by rinterpretation of the ratio of friction sleeve and cone
resistances, In addition, there is substantial published information relating
cone resisitance valve with other soil parameters.

The cone penetrometer test Is afso the preferred substitute for the
standard penetration test in soil conditions where resufts of the latter test are
suspect, and where hard driving Is not anticipated. Trhe test is also commonly
used as a rapid and economical means of interpolating between boreholes.
Although it may be possible to estimate the type of soi through which the
cone is passing as described above, it Is preferable to carry ou! the lest in
confunction with some other means of determining the nature of the sorl/
present.

Cone penetration is limited by both the safe load that can be carried by
the cone, and the thrust available for pushing it into the ground. It is also
limited by the compressive strength of the inner rods; some machines are
capable of crushing the inner rods before the rated capacity of the machine is
reached. Because of limited cone capacity, penetration normally has to be
terminated where dense sand or gravel, highly to moderately decomposed rock,
or cobbles are encountered. For this reason, cone penetration testing in Hong
Kong has been limited to the Recent alluvial and marine sediments.

23.3.6 Presentation of Kesults

Results are normally presented graphically with cone resistance fand
local skin friction where a friction jacket cone is used) plotited against depth.
rhe friction ratio, defined as (friction resistancescone resistance) x 100, may
also be plotted against depth. This ratio /s used to assist in interpreting the
sorl type pernetrated. Suitable scales for plotting the results are givem iIn
ISSMFE (7977

23.4 STATIC-DYNAMIC PROBING

The standard penetration test is rather insensitive in loose materials and
is not truly relevant to cohesive soils. On the other hand, the cone
penetrometer is of limited use when dense or stiff layers are encountered.
The static-dynamic test combines the two methods (Sherwood & Child, 1974);
this technigue is further discussed in BSI (1981a).
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PART V
FIELD AND LABORATORY TESTS
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24, FIELD TESTS

24.1 GENERAL

Freld tests are genrerally desirable where it is considered that the mass
characteristics of the ground would differ appreciably from the materral
characteristics determined by laboratory testing. These differences generally
arise from several factors, the most important of which are the extent lo
which the laboratory samples are representative of the mass, and the quality
of the sample that can be obtained for laboratory testing. Factors affecting
sample quality are dealt with in Chapter 12 and attention is drawn to factors
affecting the representative nature of a laboratory sample. These factors are
partly related to the insitu conditions of stress, pore pressure and degree of
saturation, and can be altered from an unknown Insity state by the sampling
processes. Conseguently, therr influence cannot be accounted for in laboratory
testing.

The material tested insitu by a field test Is analogous to a laboratory
sample, and can be considered as a ‘'field sample’. The insitu conditions of a
feld sample may be affected by the process of garning access to the test
position (e.g. digging a trial pit) but, generally, the effect is very much less
than for a laboratory sample.

More obvious, rfowever, are the controlled effects of the nature,
orlentation, persistence and spacing of discontinuities (Geological Socrety,
1972), the nature of any infilling, and the size of sample required for it to be
representative. To ensure that they are representative, the selection and
preparation of samples in the field is subject to the same reguirements as for
laboratory samples. Considerable attention should be grven in the field to
these aspects, because, generally, fewer field tests can be carried out than
laboratory tests.

The size of sample tested In a field test will depend on the nature of
the ground and tyvpe of test and may vary from a fraction of a metre, such as
in the Insitu triaxial state of stress measurements, to several metres for field
trials, to one or two kflometres in the pumping test.

Field tests may therefore be necessary where the preparation of
represeniative faboratory samples is complicated by ore or more of the
following conditions .

ta) The spacing of the discontinuities in the mass being
considered is such that a sample representing the mass,
Including the discontinuities, would be toc large for
laboratory test equipment. The discontinuities are
assumed to govern the geomechanical response of the
mass relative to the scale of the engineering structure
concerned.

(b} There is difficulty in obtaining samples of adequate
guality owing to the lack of cofiesion or irreversible
changes in mechanical properties, resufting from changes
In pore pressure, degree of saturation and stress
environments during sampling and {from physical
disturbance resuiting from the sampling procedure.
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fc) There is difficulty In determining the rnsitu conditions
such as those of pore pressure, degree of saturation, and
Sstress environments for reproduction rn the laboratory
lesting.

(d} Sample disturbance due to defays and transportation from
remote sites Is excessive,

The locations and levels of all field tests should be fully recorded during
the execution of the work. The records should be such that the locations and
levels can be readily incorporated into the report on the investigation (see
Sections 10.5 and 40.2.8).

Some field tests are relatively inexpensive and are undertaken on a
routine basis (e.g. field density tests described in Chapter 27, the various
borehole and penetration tests previously described in Chapters 21 and 23, and
the index tests described in Section 24.2). Other field tests are expensive and
must be designed specifically to account for both the nature of the works and
the character of the ground mass. These latter tests should not be undertaken
before a comprehensive understanding of the geology and nature of the ground
has been obtained.

24.2 ROCK STRENGTH INDEX TESTS
24.2.1 Point Load Strength

The point load strength index test measures the strength of rock material
by means of a concentrated load applied to specimens of rock core or irregular
lumps of rock (Figure 40). The test gives an indirect measure of the tensile
strength of the rock, which has been correlated with the uniaxial compressive
strength (Bieniawski, 1975; Broch & Franklin, 1972; Norbury, 1984). The test
resuits are a useful aid to rock description and classification (GC0, 1988). The
point load strengths of some Hong Kong rocks are discussed by Gamon (1984b},
Irfan & Powell (1985) and Lumb (1983).

A standard test procedure has been recommended by the ISRM (1985).
Specimens of rock core can be tested in either an axial or diametral mode, as
can irregular lumps of rock, provided specified shape criteria are met. The
test results are dependent on the size of the specimen tested, and a 50 mm
standard reference diameter has been selected for the reporting of results.

The test is intended to measure primarily the intact strength of the rock
material, and specimens for testing should therefore be selected to meet the
necessary shape criteria without incorporating discontinuities. Similarly, the
failure surface from each test should be examined, and if the failure passes
along a discontinuity, the test result should be discarded.

The main advantages of the point load test are that a large number of
tests can be completed rapidly, with minimal sample preparation. The test
equipment is easily portable, and by testing samples of the same material in
various orientations, indications of strength anisotropy and tensile (splitting)
strength of discontinuities can be obtained.

Point load tests can be carried out in the field or in the laboratory. In
either case, the visual examination and logging of samples described in
Section 36.3 should be undertaken prior to testing, as the test is destructive.
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24.2,2 Schmidt Hammer Rebound Value

The Schmidt impact hammer can be used to measure the hardness of
rock. This device, originally developed to measure the hardness of concrete,
measures the rebound of a spring-loaded piston from a metal anvil resting on
the surface to be tested. The height of the piston rebound is taken as an
empirical measure of rock hardness, and this value has been correlated with
rock and weathered rock properties (Hencher & Martin, 1982; Hucka, 1965;
Irfan & Powell, 1985).

The Schmidt hammer is a portable, hand-operated device and is available
in two models, i.e. the L type (impact energy of 0.735 N-m) and the N type
(impact energy of 2.20? N-m). The N Schmidt hammer is more robust, and
generally to be preferred for field testing of rock exposures. Brown (1981)
recommends a standard test method for the type L hammer, but the
recommendations are equally applicable to type N hammers.

Although the Schmidt hammer is quick and easy to use, great care
should be taken when testing weak rocks, or any rock surface which is rough,
cracked or fissured. In such cases, it is recommended that a number of
seating blows are taken initially, to ensure a good contact between the rock
surface and the hammer head. Pcole & Farmer (1980) concluded that reliable
values could be obtained by ignoring artificially low readings and selecting
peak rebound values from a minimum of five consecutive impacts at a point.
The Schmidt hammer is relatively insensitive on very weak rocks which yield
rebound values below 10, and it cannot be used on rock core unless the core
is held in a heavy vice or a steel cradle.

The Schmidt hammer test provides a rapid quantitative assessment of
rock hardness and is suitable for use in trial pits or caisson excavations, or on
surface exposures. Use of the test results is discussed further in Geoguide 3
(GCO, 1988),

24.3 INFILTRATION TESTS

The limiting infiltration rate for water entering the soil can be
determined with a double ring infiltration test (Figure 41). The test is
commonly carried out at the bottom of a trial pit or caisson. Water is fed
from graduated bottles to the exposed soil surface in the inner ring, and to
the annular space between the rings. The amount of water flowing out of the
bottle is measured with time. The flow under steady-state conditions is used
to determine the limiting infiltration rate (Figure 42). Because of the
percolating water from the outer ring (the 'buffer zone'), water within the
inner ring is constrained to infiltrate vertically into the ground, resulting in a
flow with approximately unit hydraulic gradient. Therefore, the limiting
infiltration rate is roughly equal to the 'saturated' field permeability of the
soil. In practice, complete saturation of the ground may not occur due to
entrapped air in the soil voids, in which case the test result will only give a
lower bound value for the saturated permeability (Schmid, 1966). The test can
be performed at successive depths to give a complete permeability profile.

It is also possible to perform simpler single ring infiltration tests and
crude soakaway tests (i.e. timing a known water head loss in a steel tube, hole
or trial pit of standard dimensions). However, it must be appreciated that no
buffer zone is provided in such tests to encourage vertical infiltration. The
results may be useful in a comparative sense but should not be regarded as an
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indication of the true permeability of the soil.
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25, PUMPING TESTS

25.1 GENERAL PRINCIPLES

In principle, a pumping ltest involves pumping at a steady known fiow
from a well and observing the drawdown effect on groundwater levels at some
distance away from the pumped well. In response to pumping, phreatic and
plezomelric levefs around the pumping well will fall, creating a ‘conme of
depression’. TFhe permeabiflity of the ground is ochtained by a study of the
shape of the cone of depression, which Is indicated by the water levels in the
suyrrounding ocbservation wells. The shape of the cone of depression depends
on the pumping rate, the duration of pumping, the nature of the ground, the
existence, or otfierwise, of rntermediate or other boundaries, the shape of the
groundwater table, and the nature of recharge.

From the data obtained from the test, the coefficients of permeability,
trapnsmissivity and storage can be determined for a greater mass of ground
than by the use of the borehole tests described in Chapter 2f. The results
can be used in the evalvation of dewatering requfrements and groundwater
resources, as well as in the design of positive grouvndwater cut-offs, It should
be noted that a given coefficient of transmissivity can result from many
different distributions of permeability with depth. [If the test is intended for
the evaluation of permeability in the design of dams and other similar projects
where seepage Is an important consideration, the use of down-the-hole velocity
profifing at constant outlflow can provide a permeability profile of the ground.

Pumping tests can be expensive, requiring adegquately screened and
developed pumping and observation wells, suitable pumping and support
equipment, and personnel. Care should be taken therefore to design a suitable
lest programme. Belfore attempting to carry out a pumping lest, reliable data
should be obiained on the ground profile, if necessary by means of boreholes
sunk especially for the purpose. The geological units encountered may then be
grouped into fiydrofogical units on the basis of permeability (Leach & Herbert,
1982).

The natural groundwater conditions should be determined by careful
monitoring over a sulfficient period before the pumping test. [deallv. the
conditions should be stable during the test if they are nol the fluctvations
have to be recorded.

Fluctuations can be caused by rainwater infiltration, tides, groundwater
extraction from wells, and nearby construction activities. This is particularly
important in highly permeable ground subject to rapid recharge.

The interpretation of the data from a pumping test can be complicated
and is much affected by the inferred ground conditions and by the infiuvence of
any boundaries. Where necessary, expert advice should be sought.

In Hong Kong, pumping tests have been used occasionally to determine
hydrogeological parameters (as described above) but are more often carried out
for the purpose of estimating the vyield of water wells. They are also
conducted occasionally to provide data for the design of major dewatering
schemes associated with the construction of deep basements. The possible
effects on adjacent ground and structures, e.g. settlements and inducement of
negative skin-friction on piles, should be carefully considered before
conducting a pumping test (see Section 8.3.2(e}). Pumping test proposals for
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private developments must be submitted to the Buildings Ordinance Office for
approval and consent prior to the commencement of works (see Appendix A.8).

25.2 GCROUNDWATER CONDITIONS

There are two main types of groundwater conditions, confined and
unconlined, and these should be recognized for analvtical and design purposes.

(2) Confined. If the ground under investigation Is fully
saturated and the water Is confined under pressure
between two impermeable layers, then confined conditions
are sald to exist.

tb) Unconfined. If the original phreatic level is everywbhere
below the upper surface of the aquifer, then unconfined
conditions are sald to exist.

Intermediate between the above two groundwater conditions Is a third
called the semi-confined condition. In this case, fully saturated ground is
overlain by material of significant but lower permeabllity, and significant
leakage takes place across the boundary in response to pumping. Analysis of
data from semi-confined conditions iIs possible, but the condition Is less
commonly encountered than the other two Iypes.

The three types of groundwater conditions may be recognized by the
test response (BSI, 1981a).

25.3 TEST SITE

Although the choice of test site may be dictated by practical com-
siderations, such as access and availabllity of existing boreholes, the site
should be representative of the area of interest. The hydrological conditions
should not change appreciably over the site. It Is essential that discharged
water I's not able to return to the ground under lest.

25.4 PUMPED WELLS

Pumped wells should be of sufficient diameter to permit the insertion of
a rising main and pump of a suitable tyvpe and capacity, together with a
standpipe and velocity meter, If required. They should be provided with an
adequate well screen, and filter pack where necessary, to prevent the with-
drawal of fine particles from the surrounding sofl. TIhe minimum borehole
diameter which will achieve this purpose is often 300 mm. It Is desirable that
they penetrate the full depth of the water-bearing zone being tested. Where
the ground is composed of two or more Independent horizons, each should be
tested separately. Where fully penetrating conditions do not exist, the data
have to be corrected before analvsis. In all cases, the screen Intake area
should be such as to ensure that the maximum velocity of water entering the
well is not greater than about 30 mm/s to ensure that hydraulic well looses
are of an acceptable level,

If during the test. changes In the shape of the cone of depression that
are due to extrapeous causes are a significant fraction of those due to
pumping, then the resulting estimate of permeabllity may become unacceptable.
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Such inffvences can be corrected by monitoring (wWalton, 1962), both before and
duyring testing. Where possible and within the [imitations set by the
permeability, the pumping rate should be chosen so that resulting changes in
water flevels are much greater than those due to extraneous causes, thus
minimizing the effects of the latter on the results.

Suction purmps can be used where the groundwater does not have to be
depressed by more than abouyt 5 m below the intake chamber of the pump, and
drawdown can be increased by setting the pump in a pit. For greater depths,
submersible pumps are preferable. Ifhe more permeable the ground, the greater
the pump capacity reguired to produce measurable drawdowns in the
observation wells.

It Is essential that the discharge is kept constant for the duration of
the test and that all the water fevel observations are related to a time-scale
referred to the onset of pumping.

It is pariicularly important fo maintain a constant pumping rate when
vertical flow velocities in the pumping well are being measured for the purpose
of determining the relative permeabilities of specific horizons in the ground
under test. The pumping rate may be controlled by a gate valve in the
discharge line or by varying the speed of the pump, or both. The rate of flow
from the pump may be measured by a flow or orifice meter, or by a notch
tank with automalic recording.

It s important that pumping wells should be adeguately developed.
Development of a well Is the process by which particles surrounding the screen
are rearranged, with coarsening grade and better uniformity towards the
screen, It can be achieved in a number of ways (Johnson, 1982). Maximum
development Is Indicated when the ratio of pumping rate to fall in water /leve/
in the pumping well reaches a maximum. Fine particles from the ground are
removed during development, resulting in a stable, porous and permeable
medium surrounding the well

Successful well development results in reduced hydraulic head losses as
the water enters the pumping well but, in any case, these losses (well losses)
should be accounted for in the analyses of test results.

In Hong Kong, pumping tests are sometimes carried out in large diameter
hand-dug caissons. This has several disadvantages, as the caisson may only
partly penetrate the aquifer being tested, and the well storage is large. Also,
high well losses are often incurred, and for this reason observation wells
should always be used in conjunction with pumping tests in caissons.

25.5 OBSERVATION WELLS

Observation wells should have an internal diameter large enough to
permit insertion of a dipmeter or other water-level measuring device, but if
the diameter-is too large this may cause a time lag in drawdown. Standpipes
with an internal diameter of 19 mm are often used. Observation wells should
penetrate the same ground as the pumping well and should permit entry of
water from the full depth of ground being tested. If there is any risk that
fine soil particles may clog the observation wells, they should be surrounded
by a suitably graded filter material.

Althougt the permeability of the ground may be estimated from the
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pumping well drawdown data alone, more reliable values are obtained using
data from one or more observation wells. The recommended minimum number
of observation wells reguired to vield reasonably representative results is four,
arranged in two rows at right angles to each other. Their distances from the
pumping well should approximate to a geometrical series. It may be necessary
to add more wells if the initial ones yield anomalous data. If linear boundary
conditions are assoclated with the site (e.g. river, canal or an impermeable
subsurface bedrock scarp, fault or dyvke), the two rows of observation wells are
best arranged paralfel and normal to the boundary.

The minimum distance between observation wells and the pumping well
should be ten times the pumping well radivs, and at least one of the
observation wells in eacl row should be at a radral distance greater than twice
the thickness of the ground being tested However, unless the pumping rate Is
very high, and the duration of pumping long, particufarly in low permeability
ground under unconfined conditions, falls in water levels may be small at such
distances. Preliminary calculations using assumed permeabiiities estimated from
borehole data will help to Indicate the likely response in observation wells to
pumping. Hence the appropriate distance of the observation wells from the
pumping well and the timing of observations can be assessed.

In addition to the observation wells described above, it Is desirable to
have an additional standpipe rnside the pumping well in order to obtain a
reliable record of the drawdown of the well itself,

Depths to water levels should be measured to within 25 mm. This
usually means that measurement devices have lo be checked at regular
intervals agarnst, for example, a graduated steel tape.

The water levels can be monitored with either an eélectrical dipmeter or
an automatic well level recording system.

25,6 TEST PROCEDURES

Once the character of fluctuations and other extraneous influences has
been established the test programme designed and the wells developed,
pumping of the ground at a constant rate should commence. Water levels in
all wells are then measured with respect to time since commencement of the
pumping. Typically the freguency of measurement might be at I min intervals
for the first 15 min and at regular flogarithmic Intervals thereafter. Some-
times, shorter Intervals may be reguired Initially. Therefore each well may
have to be monitored by independent observers for the first 100 min, and then
by one or more observers thereafter. In distant observation wells where fiead
changes are small, automatic recorders can be used, although these generally
reguire ohservation wells of 100 mm diameter or greater.

The measurements should be plotted during the course of pumping to
evaluate the quality of the data, the nature of the response, and the required
duration of pumping. Johnson (1982) and Kruseman & DeRidder (1980) have
discussed the time requirements for both steady and non-steady state pumping
tests carried out on confined, semi-confined and unconfined aquifers.

In all cases, water levels should continue to be monitored with respect
to tme from cessation of pumping unti{ recovery of flevels to the original
values is complete. As in the drawdown phase, recovery data should be taken
at 1 min intervals for 15 min following cessation of pumping and thereafter at
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regular intervals on a logarithmic scale.

25.7 ANALYSIS OF RESULTS
There are two forms of analysis of pumping test data :

{a) Steady state. If pumping continues long enough, water
levels cease to fall, and the hydraulic condition of the
ground is said to be in a steady state with respect to
time.

(b) Non-steady state. Before equilibrium is reached, water
levels fall at a changing rate with respect to time and
the hydraulic condition of the ground is said to be in a
non-steady state.

The simpler form of analysis is the steady state type, but the necessary
duration of pumping can be significantly longer than that necessary for non-
steady state analysis. The analysis technique is also dependent on aquifer
response, i.e. whether confined or unconfined conditions are present. A
summary of some of the available analysis techniques is given in BSI (198la),
and these are further discussed by Johnson (1982) and Kruseman & DeRidder
(1980).

A number of simplifying assumptions regarding ground conditions are
required in whatever method of analysis is used, and it is therefore common
that the actual drawdown data collected in the field may lead to ambiguities in
the analysis. This may.be caused by inhomogeneity and anisotropy in the
aquifer, or the presence of unknown barriers to groundwater flow. In some
cases, high flow velocities around the well may invalidate the use of Darcy's
law, upon which most methods of analysis are based.
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26, DISCONTINUITY SURVEYS

26.1 GENERAL

Discontinuities such as joints usually control the mechanical behaviour of
a rock mass. Where surface exposures or outcrops of the rocks exist, a joint
survey may be carried out to assess the risk of joint-controlled instability, e.qg.
in cut slopes and excavations.

The methods and equipment used to carry out a joint survey are
described in ISRM (1978), and techniques for analysing the results are given by
Hoek & Bray (1981). Further guidance on joint surveys and description can be
found in Geoguide 3 (GCO, 198B).

During analysis, care must be taken that rare but critical joints are not
overlooked by the usual statistical methods of data sorting (Beattie & Lam,
1977; Brand et al, 1983). An experienced supervising engineer or geologist (see
Section 15.3) should visit the site to examine in detail the nature of those
discontinuities that have been identified as critical. The slope or exposure
should be examined again during construction for the presence of unfavourable
joint sets not identified in the survey. The need to carry out a joint survey
for cut slopes formed in soils derived from insitu rock weathering should also
be considered; unfavourably orientated relict joints may cause slope failures.

26.2 DISCONTINUITY ROUGHNESS SURVEYS

It is often not possible to account fully for discontinuity roughness in
an insitu or laboratory shear test, due to limitations on the length of the joint
plane which can be tested in standard equipment, and on the selection of
representative sampling points. Therefore, discontinuity roughness surveys are
often undertaken to supplement such tests.

Procedures for undertaking and interpreting field roughness surveys are
described in detail by the ISRM (1978). The most commonly-used method is to
employ a set of thin circular plates of various diameters. These are taken
into the field and a series of discontinuity dip directions and dip angles are
measured in turn for each plate when placed on the discontinuity surface. The
accuracy of these measurements is improved by taking a large number (e.g. 50
or more) readings for each plate and by ensuring that the discontinuity surface
is relatively large and reasonably representative of a particular joint set. The
results are often presented as contoured polar diagrams on an equal-area
stereographic projection. The smallest base plate will give the largest scatter
of readings and the largest roughness angles (and vice versa). A graphical
plot of maximum roughness angles versus plate diameter is often used to assess
the sensitivity of the relationship between roughness angle and length of
potential shear displacement along the discontinuity plane.

The main engineering use of a field roughness survey is for the assess-
ment of design values of discontinuity shear strength (Hoek & Bray, 1981).
This is achieved by combining the survey results with data from direct shear
tests or assumed basic friction angles. Methods for interpreting the
contribution of roughness to discontinuity shear strength in Hong Kong granite
are discussed by Hencher & Richards (1982); the application of a roughness
survey at an engineering site in North Point, Hong Kong is described by
Richards & Cowland (1982).
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27, FIELD DENSITY TESTS

27.1 GENERAL PRINCIPLES

Field testing of soil bulk density is a common and useful procedure.
wWhen coupled with moisture content determinations, the test results can be
used to obtain the dry density of the soil. A major use of such testing is for
the control of compaction of embankments, where it forms the 'field' portion
of a relative compaction test (the other portion of the test being carried out
in the laboratory). Field density testing may also be used in evaluation of
insitu materials and old fills, where it provides a direct determination of
density that is independent of the sampling disturbance normally present in
laboratory tests.

In essence, most of the available methods of field density testing depend
on the removal of a representative sample of soil, followed by determinations
of the mass of the sample and the volume it occupied prior to removal.
However, the nuclear methods discussed in Section 27.7 are an exception to
this general rule. Mass determinations are relatively straightforward but
accurate measurements of sample volume are more difficult and may lead to
significant variations in test results, depending on the technique used, which is
in turn dependent on the nature of the soil being tested.

All the test methods described below require physical access to the soil
insitu. Therefore, they are normally restricted to soil within 2 to 3 m of the
surface, although they can also be used equally well within caissons or shafts.
Use of the nuclear probe technique is an exception to this depth limitation.

The methods described generally measure bulk density, and representative
moisture contents are required if the dry density is to be calculated. Ideally,
the weight of the moisture content sample should be determined on site, then
the sample should be transported to the laboratory for oven drying in
accordance with BSI (1975b), Test 1A. Otherwise, the entire sample has to be
preserved in an airtight container until it can be weighed. Alternatively, a
rapid determination of moisture content can be made using a microwave oven,
the 'Speedy' moisture tester, or one of the rapid methods described in BSI
(1975b), Test 1. However, all such rapid determinations should be thoroughly
correlated with the standard oven-drying technique for the particular soil type
being tested. In any case, moisture content samples should be as
representative and as large as practical, or several determinations should be
made in order to obtain a reliable mean wvalue.

With the exception of the water replacement method for rock fill (see
Section 27.8), the methods outlined below are described further in Test 15 of
BSI (1975b) or the ASTM standards quoted.

27.2 SAND REPLACEMENT METHOD

BSF (1975h) describes three variations on the sand replacement method.
The first, employing a small pouring cylinder, is used for fine and medivm
grained sofls, as defined in BSI (1275h). The second, using a large pouring
cylinder, is surtable for fine, medivm and coarse grained soils. The third, the
scoop method, may be used for ffne, medium and coarse grained soils, but it is
less precrse than the first two and yields less refiable results; its vse should
be restricted to occasrons where no pouring cylinder rs avarlable.
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These methods are unsuited to solls containing a high proportion of very
coarse gravel or larger particles because the apparatus Is not large enougll to
cope with a hole of sufficlent size to ocbtain a representative sample, also the
sand will tend to run into the Interstices of the material, thus leading to
Inaccurate results. The method cannot be used in soils where the volume of
the hole cannot be maintained constant. It afso foses accuracy in soils where
It is difficult to excavate a smooth hole because the sand cannot easily occupy
the rull volume.

The test should not be carried out when compaction plant is operating
nearby, or when ground vibrations are present.

The calibration of the sand is sensitive to humidity and should be
checked daily. The sand should be oven-dried and stored for about a week for
the moisture content te reach equilibrium with atmospheric humidity. After
each test, the sand should be dried and sieved to remove any extraneous
material before further use.

27.3 CORE CUTTER METHOD

The core cutter method Is described in BSI (/9750). The method
depends upon being able to drive a cylindrical cutter Into the soil writhout
significant change of density and to retain the sample inside it so that the
known Internal volume of the cylinder is completely filled. It is therefore
restricted to fine soills that are sufficiently cohesive for the sample not to faf!
out, and to completely decomposed rock free of large fragments. The method
Is generally less accurate than the sand replacement method because driving
the sampler tends to alter the density of the soll,

274 WEIGHT IV WATER METHOD

The welght In water method is described in BS7T (19750). It is applicable
to any soll where representative samples occur in discrete flumps that will not
disintegrate during handling and submersion in water. In practice the method
Is restricted mainfy to cofiesfve soils.

27.5 WATER DISPLACEMENT METHOD

The water displacement method is described in 857 (1975b). It is an
alternative to the werght in water method and has the same [mitations.

27.6 RUBBER BALLOON METHOD

A description of the rubber balloon, or densometer, method can be found
n ASTM (/985h). In essence it is a waler replacement test with a rubber
membrane retaining the water. [t is an alternative to the sand replacement
metlhiod with the limitation that 1t is not suitable for very soft soil which will
deform under slight pressure, or in which the volume of the hole cannot be
maintained constant. The ASTM standard does not describe the apparalus in
precise terms and fence the method could be used for coarser soils than the
sand replacement method if a sulficiently large apparatus were constructed.

The densometer allows a simpler and more rapid determination of density
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than the sand replacement method, but the apparatus is somewhat cumbersome
and may be prone to leakage (GCO, 1984).

27.7 NUCLEAR METHODS

Nuclear methods of density measurement at shallow depth are described
in ASTM (1985e). They do not measure density directly, and calibration curves
have to be confirmed for each soil type, which involves measuring the
densities of representative samples of the soils concerned by one of the direct
methods discussed in Sections 27.2 to 27.6. However, once this has been done,
and provided there are no significant changes in soil, the method is very much
faster than the others. It is therefore most suited to situations where there is
a continuous need for many density determinations over a period of time, and
where the scils do not vary to any significant extent. It should be noted that
the density determined by nuclear methods is not necessarily the average
density within the volume involved in the measurement.

The measurement of moisture content at shallow depth by the nuclear
technique is described in ASTM (1985h). In many modern nuclear instruments,
measurements of both density and moisture content are made simultaneously.
As the mcisture content determination is indirect, it is essential that nuclear
determinations (which often overestimate moisture content of local soils
obtained by the oven-drying method) are correlated with conventional oven-
drying moisture determinations for the particular scil being investigated.

Nuclear measurements of density and moisture content can be made at
depth by employing a nuclear probe within a borehocle (Brown, 1981; Meigh &
Skipp, 1960). This technique may be particularly useful when undisturbed
samples cannot be obtained readily, such as in some fine granular soils. As
only indirect measurements are obtained, the limitations mentioned above for
shallow nuclear techniques apply equally well to the nuclear probe.

All nuclear techniques utilize radioactive materials, and appropriate
safety precautions must be followed. The use and handling of nuclear
instruments should be fully in accordance with the manufacturer’s
recommendations and applicable regulations (see Appendix E).

27.8 WATER REPLACEMENT METHOD FOR ROCK FILL

The methods gquoted in Sections 27.2 to 27.7 can rarely be used in
materials containing a substantial fraction larger than coarse gravel, and the
walter replacement method, which Is described below, has been devised for such
solls. Although it is not covered by any standard specification, some
experience in Its use has been gained. In principle, it consists of excavating a
hole large enough to obtain a representative sample, lining the hole with
flexible polvethylene or similar sheeting and then determining the volume of
water required to fill the hole. A 'density ring’ is used as a template for the
size of hole and also as a datum from which to measure water levels. This Is
made up from structural steel plate, and for rock fill may be 2 m in diameter,
200 m In hefight and provided with a mark on the inside.

The procedure is to place the ring on a levelled surface, packing sand
under it where It is not in contact with the soil, and weighing it down with
sandbags. Polyethylene sheeting Is placed over the ring, pressed into it and
smoothed out as far as possible so as to Zine completely the cylindrical cavity
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so formed. A measured supply of water is then run into it and the volume
reguired to fill it up to the mark on the density ring is noted.

The polvethyvlene sheeting is then removed, the hole excavated, and the
spoil loaded into skips for subsequent weighing and grading, if required. Care
is needed in the excavation to ensure that the density ring Is not disturbed
and, to this end the edge of the excavation should be kept at least 150 mm
away from the Inner edge of the ring. The sides of the hole should be
trimmed to minimize projecting stones.

Polvethylene sheeting is then placed over the ring and hole and partially
secured with sandbags. Water Is then run in from a measured source and, at
the same time, the polvethylene lining is fed into the hole, helping it into
crevices and minimizing folds. This continues until the water level is again up
to the mark on the inside of the density ring. The difference in the two
volumes Is then a measure of the volume of the hole. It Is customary to allow
the walter to remain in the hole for a period of time fo see whetlher there is
any fall of water level, which would indicate leaks in the polyethylene lining.

The accuracy of the results of this test can be enhanced by attention o
the following details

ta} The hole should be made as large as possible.

(b) The sides of the hole should be made as smooth as
possible.

fc} As thin a gauvge of polvetfiviene as possible should be
used, consistent with it not fracturing too easily. Two
sheets of 0./ mm polyethylene laid together have been
found to be satisfactory. It is not quite so flexible as
one sheet of the same thickness, but Is less prone fto
punctures.

Accounts of the practical use of this method can be found elsewhere
(Frost, 1973, Steplrenson, 1973).
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28, INSITU STRESS MEASUREMENTS

28.1 GENERAL

The stresses existing in a ground mass before changes caused by the
application of loads or the formation of a cavity within the mass are referred
lo as the initial insitu state of stress. These stresses are lhe resultant of
gravitational stress and residuval stresses related to the geological history of
the mass.

Data on the initial insitu state of stress In rock and soil masses belfore
the execution of works are increasingly rmportant In desrgn, more particularly
when using finite element analysis. The most favourable orientation, shape,
execultion sequence and support of large and complex underground cavities and
the prediction of the final state of stress existing around the completed works
are dependent on knowing the initial rnsitu state of stress. Measurements of
Insrty stress have shown that inm many areas the horizontal stresses exceed the
vertical stress, which in turn often exceeds that calculated assuming that only
gravity Is acting on the ground mass.

Measurement of Insitu stress In soils may be made although the
equipment used generally provides an estimate of horizontal stress only. In
order that both total and effective stresses can be estimated, it I's usval to
measure the pore water pressure in addrtion to the total stress.

The interpretation of Insitu siress measurements requires specialist
experience.

28.2 STRESS MEASUREMENTS IN ROCK

The methods available are generally based on induced stress changes,
achieved in some cases by over-coring or slotting an instrumented test area.

Over-coring is used for measurement within the rock mass, whereas
slotling Is used for surface stress measurements. Measurements taken have to
be adjusted to take account of the redistribution of stresses as a result of
formation of the borefiole or slot, and, in the case of underground works,
when the measurement is made in the zone of influence of the marin access,
such as an adit. The accuracy of most methods of measurement of insitu
stress in rock limrts their use to locations where the rock cover is at least
75 m. Stress measurements may afso be determined from the measurement of
displacements of the walls of a tunnel, or of an exploratory adit close to the
working face.

With the exception of the static equilibrium method (Morgan & Panek,
1963), the available techniques generally require that the material In whiclh the
measurements are made behaves in a near elastic, homogeneous and isotropic
manner, and that it is not excessively fractured or prone to swelling as a
result of the effects of drilling water. For the over-coring methods, the
elastic behaviour Is assumed to be reversible, the elastic constants being
obtained from laboratory tests.

Stress measurements may be made using electrical strain gauvges, photo-
elastic discs, solid inclusions and systems for measuring the diametral change
of a borehole. Some equipment Is designed to measure stress change with
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time, or stress change duve to an advancing excavation, whereas other
equipment is designed to obtaln an Instantaneous measurement of stress. The
technique selected has to be chosen in relation to the rock material and mass
quality. Strain gauvges cannot be glued reliably to highly porous or wet rock.

Special methods for measuring and interpreting the uniaxial, biaxial or
triaxial state of stress in a rock mass are described in BSI (1981a).

The report on the resulls of insitu stress measurement should include
Information on the following :

f2) Location of test and direction and depth of the
boreholes, method of drilling and diameters of cores.

th) Depth below ground level of the point of measurement,

fc) Ceological description of the rock material and rock
MAass.

(d) Type and sizes of strarn gavges, and strain readings to
the nearest 10 micro-strain.

fe) Temperature and humidity at the test location, and
temperature of the flush water if applicable.

() The modulus of elasticity, & and FPoisson's ratio, v, of
the rock sampled from eacth stress measurement area, as
determined from static laboratory testing of core
(preserved at insity moisture content) over the
appropriate stress path.

(g} The six components of stress (6., 0., UOs, Tuy. Tver Tex/
at each point to the nearest 100 kPa.

th) The three principal stresses and thelr directions (to the
nearest degree), related to both a borehole or adit axis
system and a global axis system.

7} Colour photographs of the cores or test location.

(/) Date of measurement and date at whiclh the excavation
passes the point of measurement.

28.3 STRESS MEASUREMENTS IN SOILS

The analyvsis of the response of soll masses to applied loads requires
reliable data on their strength and deformation characteristics, and, as these
are stress dependent, a knowledge of the fnsitu state of stress assists in their
evaluation by laboratory testing.

Direct Insitu measurements of the initial state of stress in soils Is
difficult because the disturbance created by gaining access to the ground mass
Is generally non-reversible, and several times that produced by a stress-
reflleving technigue. rhe accuracy of most Iinstruments that have been
developed suffers because of the disturbance created in the ground on
Insertion.
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It is usval to measure only horizontal stress, and to make assumptions
concerning the level of vertical stress based on the overburden depth. Only
total stress may be measured; therefore, (o determine the effective stress
conditions, the pore water pressure at the test level has to be measured or
assumed. Methods of determining pore water pressure in the field are
discussed in Section 20.2

In soft clays, hydraulic pressure cells have been carefully jacked into
the ground, or installed in a pre-bored hole (Kenney, 1967). The
"Camkometer”, a self boring pressuremeter, reduces disturbance to a minimum
by fully supporting the ground it penetrates (Windle & Wroth, 1977). The total
horizontal insitu stress may then be obtained by measuring the contact
pressure. Facilities to measure pore pressure are available in the same
instrument. Hydraulic fracturing has also been used to estimate minimum
horizontal stresses in soft clay (Bjerrum & Anderson, 1972).

In large excavations, pressure cells are sometimes used to measure the
contact pressure between the soil and a retaining structure. The type and
position of a cell should be chosen with great care, because the introduction
of the cell into the soil causes a redistribution of the stresses around it, and
the errors depend on the geometry of the instrument. Details of the types of
cells available and the problems that may be encountered when using them are
given by Brown (1981) and Hanna (1985). Some of the factors that affect the
accuracy of contact pressure cells are discussed by Pang (1986).
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29, BEARING TESTS

29.1 VERTICAL LOADING TESTS
29.1.1 General Principles

Insity vertical loading tests involve measuring the applied load and
penetration of a plate being pushed Into a soil or rock mass. The test can be
carried out in shallow pirts or trenches, or at depth in the bottom of a
borefiole, pit or adit (see Section 2i.6). [In sofls, the test Is carried out to
determine the shear strength and deformation characteristics of the material
beneath the loaded plate. The ultimate load Is often not attainable in rocks,
where the test Is more freguently used to determine the deformation
characteristics.

The test Is usually carried out erther under a series of maintained loads
or at a constant rate of penetration. In the former. the ground Is allowed to
consolidate under such a foad before a further increment is applied; this wilf
yield the drained deformation characteristics and also strength characteristics
If the test is continued to failure., In the latter, the rate of penetration Is
generally such that hittle or no drainage occurs, and the test gives the
corresponding undrained deformation and strength characteristics.

It should be emphasized that the resulls of a single loading test apply
only to the ground which is significantly stressed by the plate; this Is typrcally
a depth of about one and a half times the diameter or width of the plate.
The depth of ground stressed by a structural foundation will, in general be
much greater than that stressed by the loading test. For this reason, the
results of loading tests carried out at a single elevation do not normally give a
direct Indication of the allowable bearing capacity and settlement
characteristics of the full-scale structural foundation. In order to determine
the variation of ground properties with depth, it will generally be necessary to
carry out a series of plate tests at different depths. These should be carried
out such that each test subjects the ground to the same effective stress level
it would recerve at working load.

Wwhere ltests are carried out In rock, blasting for rock excavation may
seriously affect the rock to be tested. This effect can be minimized by using
small charges, and by finishing the excavation by hand methods.

29.1.2 Limitations of the Test

The main [limitation of the ltest lles in the possibility of ground
disturbance during the excavation needed to gain access to the test position.

Excavation causes an unavoidable change in the ground stresses and may
result in irreversible changes to the properties which the test is intended to
study. In spite of this effect, the moduli determined from plate tests are more
reliable and often many times higher than those obtained from standard
laboratory tests. In a project which involves a large excavation, e.g. a
building with a deep and extensive basement the excavation may cause
disturbance to the ground beneath, with a consequent effect on the
deformation characteristics. In such a case, it will be necessary to allow for
this unavoidable disturbance when interpreting the results of loading tests.
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When carrving out the test below the prevailing groundwater table, the
seepage forces associated with dewatering may affect the properties (o be
measured, This effect is most severe for lests carried oul! at significant
depths below the water table in solls and weak rocks. It may therefore be
necessary to lower the water table by a system of wells set outside and below
the test position.

29.1.3 Site Preparation

It I's necessary to ensure that any material loosened or softened by the
excavation is removed and that the plate will lie in direct planar contact with
the sample surface. It is essential that this surface Is undisturbed, planar and
free from any crumbs or fine loose debris. Where access is possible the
surface Is best prepared by hand; elsewhere, specral tools are required to trim
and prepare the surfice from a remole point. As the sample preparation
Involves stress rellef and exposure to different temperature and humidity
conditions, the delay between setting up and testing should be minimized and
the time lag should be reported with the resulls.

The even transference of Jload onto the test surface can best be
achleved by setting the plate on a suitable bedding material, which usually
consists of cement mortar or plaster of parris. Where the test is being
performed to measure the deformation characteristics of a relatively stff
material, considerable care Is required in setting the plate, and a serres of
bedding layers may be needed (Ward et al, 1968). Changes in water caﬂteﬂt of
the ground being tested should be kept to a minimum.

29.1.4 Test Arrangement

The test Is subject to scale effects. Several plate sizes and shapes are
used, the most common being circular plates ranging from 300 mm to 1l 000 mm
n diameter. The choice depends on the problem being studied. In rocks,
plates larger than 1 000 mm diameter may be used, depending on the jointing
frequency. The test arrangement used by the UK. Building Research
Establishment I's shown in Figure 432 and is fully described elsewhere (Marsland,
19721 1972 Ward et al, 1968)

The need sometimes arises to measure displacements in the ground below
the plate (Marsland & Eason, 19735 Moore, 1974). The plate has to be rigid
and the direction of the resultant applied load has to be vertical and without
eccentricity. The loading may be applied directly by kentledge or jacking
against a reaction system provided by means of kentledge, tension piles or
ground anchors. Where kentledge Is used, it should be supported on a properly
designed frame or gantry such that there Is no possibility of the load tilting
or callapsing. The foundations of this frame or gantry should be sufficiently
far away from the sample not to affect its behaviour to any significant extent.
Where tension prles or ground anchors are used, they should be sited
sufficiently far away from the sample so as to have no significant influence on
Its behaviour. The normal practice is to maintain a minimum distance of three
times the plate diameter from the centre of the plate to the centre of the
plle. The amount of kentledge or jacking resistance that needs o be provided
is governed by the purpose for which the tests are carried out and also, to
some extent, by economic considerations. In general, the nearer the soil or
rock under the plate approaches the point of shear failure, the more
worthwhile are the data derived from the tests. The test is somelimes
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condiucted in a similar fashion to the constant rate of penetration (CRP) test
for piles (ICE, 1978).

The penetration or deflection of the plate should generally be measured
at the centre and the edge of the plate. In order to minimize the effect of
poor bedding and sample disturbance, the displacement of the material at some
depth beneath the prepared test surface can be determined by inserting
reference datum rods anchored at various depths (Wallace et al 1969). Such
measurements are intended to provide more realistic data on the mass
behaviour of the ground: they are usually taken through a central hole In the
loaded plate.

The displacement of the plate is related to a fived datum. This often
consists of a reference beam supported by two foundations positioned outside
the zones of influence of either the loaded area or the reaction area. The
deflection-measuring equipment has to be set up in such a way that any tilting
of the plate will not cause errors in the measurements. Dial gauges are often
used, and the rods transmitting the displacements of the plate should
Incorporate a ball joint or other similar device to eliminate the effects of
bending. The reference beam and measuring devices should be protected from
the direct rays of the sun and from wind by means of tarpaulins or other
forms of shelter; errors of measurement can easily arise from these causes.

A comparable arrangement for performing the test in an adit is given in
BSI (198la).

29.1.5 Measurements

(1) Applied Forces. The load on the plate is best measured by means
of & load cell, which should be capable of reading to an accuracy of 1% of the
maximum load. It is advisable to have the cell calibrated over the anticipated
range of loading before and after the test programme.

(2) Displacements. Displacements In the direction of load application
may be measured by dial gauges or electrical transducers and the readings can
be taken continuously If required. ODisplacements should be measured to an
accyracy of 0.1 mm.

(3) Time. Records of time for the various stages of setting-up and
lesting are required, particularly where cyclic loading and creep tests are
being carried out.

(4) ITemperature. The measurement of temperature will be required in
the event that corrections to the settlement or load readings are considered
necessary.

29.1.6 Test Methods

(1) General. The test is most frequently used to measure the ultimate
bearing capacity. In cases where settlements and elastic deformation
characteristics of the ground need to be determined, as in rock foundations,
care should be exercised to work at stresses that are relevant. TIhe
observation of deformation, particularly at low stress levels, reguires the
utmost care in sample preparation and setting-up If meaningful results are to
be achieved. The errors that can be introduced by sample disturbance and
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Jnaccuraclies of measurement can often be similar in size or greater than the
data sought.

The effect of sample disturbance can be reduced, to some extent, by
carrying out preliminary cycles of loading and unloading. The maximum load
in these cycles should not exceed the intended load. The rate of loading
should be sufficiently rapid to prevent any significant consolidation or creep.
After two or three cycles, the stress-settlement graph will generally tend lo
become repeatable, and the test can then be extended to the main lesting
programme. The data from the preliminary load-cycles give an indication of
the effect of the sampling disturbance. The undrained deformation modull, as
measured after preliminary Jload-cycling, generally give a more reliable
indication of the true properties of the undisturbed ground.

(2) Maintained Load. The load is usually applied in equal increments,
with each increment being maintained until all movement of the plate fhas
ceased, or an acceptably low rate of increase has been reached. The
increments are continved up to some multiple of the proposed working load, to
failure or to the full avallable load. When the test Is carried out to
Investigate the deformation characteristics of the ground, it is preferable to
carry out preliminary load cycling. Cycles of unloading and reloading may also
be carried out at various stages in the main test to galn some indication of
the relative amounts of reversible (i.e. ‘elastic’) and irreversible deformation
that have occurred. If the rate of unloading and reloading Is sufficiently
rapid, the slope of the load /deformation curve may be used lo determine the
undrained deformation modulus, or an approximation to It. However, in
relatively permeable ground this may not apply.

(3) Constant Rate of Penetration. Constant rate of penetration rlests
are more suitable for soils. Such tests are described by Marsiland (1971) for
plates ranging from 38 mm to 868 mm diameter, using a penetration rate of 2.5
mmsmin. Where the maximum bearing capacity Is not clearly defined, the
value of the bearing pressure at a settlement of 15 per cent of the plate
diameter Is used. If the undrained deformation modulus Is required, the plate
diameter should be greater than 750 mm, but it is preferable to carry outl a
separate lest with the load applied incrementally at a rapid rate.

(4) cCreep. The measurement of creep under sustained loads Is some-
times carried out in connection with the design of foundations which are
highly stressed or where the structures concerned are particularly sensitive to
settlement (Meigh et al, 19273). I the structure is to be subjected ito
fuctuating loads, the test programme will probably include cyclic loading.

29.1.7 Analysis of Resuits

The assumptions made for the analysis are that the material Is homo-
geneous, elastic, Isotropic and that the classic equation for the penetration of
a rigid circular plate on a semi-infinite plane surface applies .

(1 - e P (- 74

- 7q
5'43 £

where £ Is the elastic modulus,

g Is the pressure applied to the plate,
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S Is the average settlement of the plate,
B is the diameter of the pilate,
v is Poisson's ratio.

This equation can be used when the test is carried out either at the
ground surface or In a pit whose plan dimensions are at least five times those
of the plate (freland et al, 1970). if the test is carried out at the end of a
borehole, the expression becomes .

- 4
5_-?73” 2}

Ej" B £ 24

where Iq4 Is a depth correction factor (Burland 1969). Wwhen the lest is
carried out In an adrt, other modifications to this egquation will be regquired
depending on the extent and planarity of the tested surface (Carter & Booker,

1984). Finite element analvsis cam sometlimes be applied to problems where
rigorous solutions are not available, although the problem of choosing
representative sofl parameters to put into the analyvsis still remains. An
eguation for calculating the modulus at any depth beneath the centre line of
the loaded plate is given elsewlere (Benson et al, 1970; Wallace et al, 1970).

For jointed rock, Poisson's ratio can be assumed to be between 0.70 and 0.25
for practical purposes.

For cohesive solls, an estimate of the undrained shear strength, ., can
be obtained from the plate test carried out in a borehole by using the
lollowing equation .

c. «Gu - VH N L2,
“ Ne

where ¢. Is the ultimate bearing capacity of the soil under the
plate. When this is not cleardly defined the bearing
bressure at a peretration of 15% of the diameter is
used,
Y Is the bulk density of the soil,

A Is the helght of soif above test level/,

&

Is the bearing capacity factor. For a rigid circular
plate at the base of a deep shaft of the same diameter
as the plate, N. is assumed to have a value of 9.25.
However, If the plate has a sigrificantly smaller
diameter than the shaft or if the depth is less than
four times the plate diameter, the value of N. may be
smaller and approaches 6.15 for a circular surface load.
Some allowance should be made for side shear on the
Dlate where this is appropriate. *

29.1.8 [nterpretation of Results

The correct interpretation of the behaviour of the mass of ground
under investigation requires a careful examination of the results, not only of
the loading tests, but also of other data concerning the ground (Sweeney &
Ho, 1982). JDepending on the objectrves of the investigation, such data might
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include the geclogical structure, the nature and distribution of discontinulties,
and the variability of the ground.

Several deformation moduli can be obtained from these tests, depending
on the method used and the application (Brown, 1981). The results obtained
will reflect the effects of the width and freguency of the discontinuities and
will give an indication of the mass behaviour vnder loading. The stress level
at which these parameters should be examined will depend on the working
stress levels. in the case of tests on rock in adits, It may be necessary to
consider the Insrtu stresses In the test sample.

The moduli to be used for design purposes should be those which relate
to the ground at the time of construction and after It fas been affected by
the construction procedures; for example, a deep excavation might affect the
deformation moduli of a sofl, and blasting may affect the properties of a rock.
Sometimes, the effect of a construction procedure may be sufficltently severe
to justify the examination of alternative methods of construction.

on completion of the test full identification of the material beneath
the Jloaded area shhould be carried out by sampling and ltesting In the
laboratory. Results obtained from these tests will in many cases assist in
extrapolating the test resulls to other areas on the site.

29.2 HORIZONTAL AND INCLINED LOADING TESTS

Basically, horizontal and inclined Joading tests are the same as vertical
loading tests, and are carried oul and analvsed in a comparable way (see
Section 21.6.10). Loading tests at a preferred orfentation are carried out to
investigate particular characteristics of the ground. They are freguently
carried out In rock for Investfgations concerning tunnels and underground
excavations (Brown, 1981; Carter & Booker, 1984). A4 simple lateral loading
test, carried out between the opposite sides of a trial pft or caisson using an
hydraulic jack, forms a very convenient means of measuring the insitu modulus
and shear strength of solls. interpretation of the elastic modulus of soil from
lateral loading tests should follow the advice grven by Carter & Booker (1984).
Care should be taken to support the weight of the jack and other loading
eguipment so as to prevent the application of sfrearing forces to the test area.

293 PRESSURIZED CHAMBER TESTS

The test Is carried out in am underground excavation or length of
tunnel and consists of charging the chamber with water under varfous
pressures and measuring the deformation moduli of the surrounding ground.
The test is generally carried out for projects invol/ving tunnels carrying water
under pressure.

The test site should preferably form part of the actual excavation, or
be of the same size and parallel to the axis in representative ground. The
length of a test section should be ar Jeast five times the excavaled drameler,
unless allowance can be made for the end effects. The metlhiod of excavation
used should be capable of producing a formed surface of stmilar guality to the
actual excavation. In order to ascertain whether the modulus determined is
drained, partially drained or undrained, It is necessary to know the drainage
conditions which applied during the test.
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204 INSITY CALIFORNIA BEARING RATIO (CBR}) TESTS
29.4.1 General

The CBR method of flexible pavement design is essentially an empirical
method In which design curves are used to estimate a pavement thickness
appropriate to the CBR of the soll. There Is no unigue CBR of a soll and in
any CBR test the value obtained depends very much on the manner in wihich
the test is conducted. The design curves are usually based on one carefully
speclfied method of measuring the CBR, and this Is usually a laboratory
method. The parameler required for the design of flexible pavements is the
CBR attarned by the soll at formation level after all necessary compaction has
been carried out, the pavement has been laid and sufficient time has elapsed
for equilibrium moisture content to become established. Before embarking on
insrty CBR tests, It Is therefore necessary to consider carefully how relevant
they will be to the proposed design method, and whether the cona’zaon of
egquilibrium morsture content Is fikely to pertain.

29.4.2 Test Method

The test Is carried out by the method described in Test 16 of BSI
(1975b) excluding the compaction, and subject onlv to those alterations
necessary to enable it to be carried out In the fleld. The load is generally
applied through a screw jack using the weight of a vehicle as jacking
resistance, and deflections are measured by dial gauges carried on a bridge
with independent foundations resting on the ground well clear of the test area.
A circular area of about 300 mm diameter Is trimmed flat, special care being
taken with the central area on which the plunger will bear. A thin layer of
fine sand may be used to seat the plate but the use of sand lo seat the
plunger ritself should be avorded. I it Is impossible to trim the soil
sufficiently to obtain good seating of the plunger, a thin layer of plaster of
paris may be used, care being taken to remove any plaster extending beyvond
the area of the plunger. Further details of the insitu test are given elsewhere
(Road Research Laboratory, 1952).

29.4.32 Limitations and Use of Test

The test is unsuitable for any soil containing particles of longest
dimension greater than 20 mm because the seating of the plunger on a large
stone may lead to an unrepresentative result. The test Is aof dubious value
with sands because it tends lo give results much lower than the laboratory
tests on which the design charts are based. This is because of the confining
effect of the mould in the laboratory tests. The test is most suited to clay
soils, subject always to the soll under test being at eguilibrium moisture
content, The moisture content at a depth of 1 to 2 m below ground surface,
where the soil Is normally wnaffected by seasonal moisture content changes,
often gives a good Indication of the eguilibrium moisture content provided
that there Is no significant change of soll type. An alternative is to carry out
the test directly beneath an existing pavement having identical subsoil
conditions to those of the proposed construction; this method has been used
with some success for the design of airfield pavements.

Insity CBR tests have sometimes been carried out in conjunction with
Insitu density and moisture content tests and then linked with laboratory
compaction tests. A careful study of all the resulting data may allow a
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reasonable design parameter to be chosen for suitable soils. Attempts have
sometimes been made to use the test as a means of controlling the compaction
of fill or natural formations, but they have not usually been successful and the
procedure cannot be recommended.
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30, INSITU DIRECT SHEAR TESTS

30.1 GENERAL PRINCIPLES

In this test, a sample of soil or rock is prepared and subjected to direct
shearing insitu. The applied stresses and boundary conditions are similar to
those in the laboratory direct shear test. The test is generally designed to
measure the peak shear strength of the intact material, or of a discontinuity
{including a relict joint in soil), as a function of the normal stress acting on
the shear plane. More than one test is generally required to obtain
representative design parameters.

The measurement of residual shear strength can present major practical
problems In arranging for a sufficiently farge length of travel of the shear
box, but a useful indication of residval strength may be obtained by continuing
the test to the Ilimits of travel of the apparatus. In certain applications, the
test may be designed to establish the strengthr of the interface between
concrete and rock or soil.

Insitu shear tests on soil may be carried out either within boreholes
(Bauer & Demartinecourt, 1982; Handy & Fox, 1967) or near the ground surface
(Brand et al, 1983b). Equipment for testing close to the ground surface in
trial pits may be adopted to enable testing to be carried out within deep
excavations, large diameter shafts or caissons. Insitu shear tests on specific
discontinuities in rock may also be conducted using similar equipment; the
results may be used to confirm the strength of discontinuities derived from
laboratory tests and field roughness surveys (see Section 26.2).

30,2 SAMPLE PREPARATION

Samples are generally prepared at the bottom of pits or trenches in soil.
Adits are more common for rock testing. The excavations permit access fo the
material at the zone of interest. and in many cases provide a suitable means
of setting-up the reaction for the applied forces.

The orientation of the sample and the forces applied to it are generally
governed by the direction of the forces which will become effective during and
on completion of the works, but modified to take account of the orientation of
significant discontinuities. In many cases, however, to facilitate the setting-up
of the test, the sample is prepared with the shear plane horizontal. The
normal and shearing stresses are generally imposed as forces applied normally
and along the shear plane. However, an inclined shear force passing through
the centre of the shear plane may be preferred as this tends to produce a
more uniform distribution of stress on the shear surface (Brown, 1981).

As a rough guide, the sample dimension should be at least ten times that
of the largest particle: in rock, the sample size should reflect the rovghness of
the rock discontinuity being tested. For stronger rocks, the sample can be
rendered with suitably strong cement and reinforced concrete fo ensuvre
adequate foad distribution. The equipment should be of robust construction.
Samples between 300 mm and 1 500 mm square have been used for testing soil
and weak rocks. Larger samples may be reguired in ground containing
boulders or in coarse fill material.

Great care fas to be exercised in preserving the environmental
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conditions when forming the excavation. £Excavation teclinrgues which would
affect the discontinuities in the sample test area should be avorided e.g. those
which give rise to crumbiing, fracturing or excessive dyvnamic sfiock loading.
Hand sawing, cutting and diamond drilfing should be used to prepare and trim
the sample. Adequate protection from the elements should be provided. Fipal
exposure and trimming of the sample to fit the loading frame and the testing
Itself should all be completed with minimum delay to avold possible significant
changes In the moisture and stress conditions of the sample. If tests are
carried out below the water table, precautions should be taken to avord the
effects of water pressure and seepage (see Section 29.1.2J,

Where it Is Intended to test one discontinuity only, care has to be taken
to avoid disturbance to the surface of the discontinuity, and lo prepare the
sample so that the forces are applied correctly in the plane of the
discontinuity. The spatial orfentation of the discontinuity should be defined by
dip direction and dip measurements.

Where drained conditions are reguired, suitable drainage layvers can be
Inserted around the sample and on the loaded upper surface.

with the borehole shear device, there is no sample preparation as such,
but care is required during the formation of the borehole so as to limit
disturbance of the surrounding soil (Bauer & Demartinecourt, 1985).

30.3 TEST ARRANGCEMENT

The egquipment for applving the normal load can consist of werlglts,
kentledge, fhiyvdraulic rams, flat jacks acting against the excavation roof, or an
anchor system. The reaction system should ensure the uniform transfer of the
normal loads to the test sample and minimum resistance to the shear
displacement. e.qg. by the use of low-friction devices such as ball seatings or
roflers ( Brown, 1981). A4 porous piston or othier surtable medium can be used
to distribute the load where drarned conditions are required. The alignment of
the force needs to be maintalned durfng the test

The shearing force appfication system should ensure that the load is
applied uniformly over the plane of shearing, and that the load and geometrical
centrords are matched to eliminate movement. Where an rinclined shear force
Is required, the resultant of the shear force should pass through the centre of
the base of the shearing plane (Brown, 198l). J[f a constant normal /load is
required for this type of test, suitable reduction has to be made to the applied
normal load during lesting te compensate for the Increase in vertical
component with Increasing shear force. The shear force application can be
developed by similar means to the normal foading. In both cases, care has to
be taken to ensure that the ground reaction does not extend to the sample.
The reaction system can frequently be provided by the excavation sidewalls.
In certaln cases. 1t may be necessary to provide the shear force by traction on
a system anchored by piles or cables. Sufficient travel in the shear force
application system should be provided so that the complete test can be run
without Interrupiron.

JO.4& MEASUREMENTS

Provision should be made for the following :
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(@} The applied forces should be capable of being measured
with anr accuracy of 2% of the maximum forces reached
In the test.

b} Shear, normal and /lateral displacements should Dbe
measured. Sulfficient travel should be provided to run
the complete test without the need to reset the gauges.
The anchorage datum of eaclh gauge needs rto be rigid
and set up at a paint sulficiently remote that it is not
affected by the forces applied during testing.

fc) Steps should be taken to guard against the effects of
changes In temperalure. Alternatively, temperatures
should be measured and any sensitive equipment should
be calibrated.

30.5 TEST METHODS

The stresses applied in the testing programme should be within the
range of the relevant working stresses at the site, including those applied by
the final structure, if appropriate. Where drained test conditions are required,
a consolidation stage is necessary to allow the pore water pressures to
dissipate under each increment of normal load. The rate of consolidation
should be monitored, as this is useful for determining the rate of shearing
(Brown, 1981). For drained tests, the rate of shearing has to be sufficiently
slow to ensure that induced pore pressure changes are a very small proportion
of the shear stress. At best, the appropriate shear rate can only be estimated
prior to the test, and experience gained in similar soil or rock conditions and
with similar test configurations is beneficial.

On completion of the test, full identification of the material sheared
should be carried out by visual examination, sampling and laboratory testing.
Photographs of the shear surface form a useful record of the test conditions
and may assist in the interpretation of results.

30.6 ANALYSIS OF RESULTS

Graphs of consolidation behaviour (if applicable) and shear force (or
stress) plotted against both normal and shear displacements are prepared in the
analysis. The peak shear stress and corresponding shear and normal
displacements may then be obtained and related to the applied normal stress.
When failure occurs in a plane dipping at an angle to the applied shearing
force, this should be accounted for in the analysis (Bishop & Little, 1967).

For tests on discontinuities in rock, the results from individual tests
should not be extrapolated to the rock mass without confirmation that the
surface tested is representative of the overal) roughness of the discontinuity
{see Section 26.2),
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31, LARGE-SCALE FIELD TRIALS

31.1 GENERAL

Large-scale field trials are carried out in such @ manner that the ground
Is lested on a scale and vnder condrtions comparable with those prevailing in
the project under investigation. However, such trials are Irkely to be costly in
terms of Instrumentation, the requirements for purpose-made egquipment and
technical support. The methods and types of instrumentation avarlable for
monitoring field tests are given in brref outline in the following sections,
together with some of the more common large-scale field trizls used to obtain
geotechnical data for design and construction.

Large-scale field trials rnvolve the principles of srte Iirvestigation
embodied in this document, and would usvally include the use of ground
investigation technigues already described. Large-scale field trials are not
standard tests, and should be designed to suit the individual requirements of
the proposed works and the particular ground on which or within which they
are to be performed. 0On large projects, field trials can provide the necessary
design parameters, as well as valuable construction data on excavation,
handling and placing, resulting in considerable savings and enhanced safety.
Such methods and trials can be usefully extended into the construction stage,
and also to the monitoring of the interrelated response of the ground and
structure after completion under the working conditions.

31.2 METHODS OF INSTRUMENTATION

Several techniques can be used in ground investigation to monitor
displacements and strains associated with known or suspected ground move-
ments resulting from slope failures, foundation displacement, subsidence and
ground response in large-scale field trials (BGS, 1973; Brown, 1981; BSI, 1981b;
GCO, 1984; Hanna, 1985). A review of instruments commonly used in Hong
Kong is given by Coleman (1984). Handfelt et al (1987) have described the
performance of the instrumentation used in an offshore test fill (see also Foott
et al, 1987).

Ground movements are generally associated with stress redistribution and
pore pressure changes which are characteristic of the particular ground. Total
stress can be monitored using total pressure cells fsee Chapter 28), while
normal and shear stresses can be measured by special transducers (Arthur &
Roscoe, 1961). The techniques for the measurement of pore pressure response
are covered In Sections 20.2.3 to 20.2.6.

Ground movemenits are generally measured in terms of the displacement
of points which can be positioned on the surface of the ground or within the
ground mass. The absolute movement of a point has to be referred to a stable
datum, and sufficient measurements should be taken to define movement in
three dimensions if this Is required. Some of the commonly-used technigues
permit the movement or relative displacement of points to be referenced to
arbitrary horrzontal and vertical planes. This relative movement can be used
to obtarin strarn.

Surface observations of ground movements can be made by an accurate
survey (Cole & Burland, 1972). An accuracy of *0.5 mm can be achieved in
levelling (Froome & Bradsell, 1966) and *(5 mm + 5 ppm) for distance
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measurement using electro-optical instruments (Mayes, 1985). Care has to be
taken to position datum points away from the effects of movements due to
load and water changes.

Vertical movements can be observed by means of settlement gauges with
an accuracy of *0.1 mm (Bjerrum et al, 1965): more details are given by
Dunnicliff (1971). Multipoint displacement measurements can also be employved
(Burland et al 1972). The use of vertical tubes gives am accuracy of about
*3 mm (Penman, [969). A full profile-measuring technique whiclh uses a
torpedo traversing a Hexible tube is described by Penman & Mitchell (1970).
Telescoplec tubes, Inclinometers and tensioned wires ancliored In boreholes at
stable points can also be used for measuring strains or displacements.

Lateral movements can be measured by offsets and triangulation. Rods,
telescopic tubes and tensioned wires can afso be employved. Where a torpedo Is
used, access from both ends of the tubing is preferable.

Photogrammetric techniques can be used to survey inaccessible sites such-
as steep slopes and ravines (Borchers, 1968). The accuracy of measurements
taken by a photogrammetric method is about #1/10000 of the camera to object
distance under normal working conditions (Cheffins & Chisholm, 1980).

31,3 TRIAL EMBANKMENTS AND EXCAVATIONS

The construction of trial embankments may serve three purposes. First,
the guality and compaction characteristics of avarlable borrow materials can be
determined at the fleld scale and compared with laboratory test results
second, the characteristics and performance of placing and compacting
equipment can be Investrgated, third the strength and settlement
characteristics of the ground on which the embankment is placed can be
examined. Failure of a trial embankment will usually not be of major
conseqguence, and therefore a trial bank may be constructed so as to induce
farlure deliberately, either in the embankment alone or in the embankment and
the foundations. However, any installed instrumentation may be destroyed.
Such failures sometimes occur In an unexpected manner, and the engineer
should take precautions to ensure that no injury to persons or unexpected
damage Is caused. The value of such a failure is that back analyvsis (see
~ Chapter 32), can be used to check strength parameters. Bishop & Green (1973)
have described the development and use of trial embankments.

Compaction trials can include experiments with variable borrow materials,
layer thicknesses, amounts of watering and amounts of work performed In
compaction., Measurements should be made of insity density and water content,
the results should be compared with those from faboratory compaction lests, lo
obtain a specification standard, and with insitu borrow pit densities, so that
the degree of bulking or volume reduction can be estimated for given
quantities (BSI, 1981b). Trizls of egquipmen! can also be undertaken. Care
should be taken not to vary too many factors at the same time, otherwise the
effects of variation of an individual factor cannot be estimated.

Trial excavations yvield information on the material excavated and the
performance of excavaling eguipment, they afso permit more detailed
examination of the ground than Is possible from borehole samples. Excavations
can be constructed such that failures are caused delrberately, hence they can
sometimes be used to test the short~-term stability of excavated slopes.
However, failures In deep excavations are correspondingly more dangerous than
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fallures of fills, and increased vigilance Is needed,

I the maximum information is to be gained, adegquate rnstrumentation of
trial embankments or excavations Is essenlial, together with continuous
observaltion (see Section 31.2). The scale of trial embankments or excavations
needs careful consideration. Clearly, the more closely the size of the trial
approaches that of the prototype, the more directly applicable will be the
resulits obtarned from the trial.

3.4 CONSTRUCTION TRIALS

fn many projects, considerable value can be derived from trials carried
out before the commencement of the permanent works. Such trials permit the
evaluvation of the procedures to be adopted and the effectiveness of the
various expedients. As with all large scale testing, a prior knowledge of the
characteristics of the ground is essential. The results of the trial will often
permit an assessment of the properties of the ground and hence enable a
correlation to be made with other results obtained from routine ground
investigation methods.

A wide range of construction methods is commonly tested In trials, e.g.
pile tests, ground anchor tests, compaction tests for earthworks, experimental
shafts and adits for tunnels, grouting, trial blasts for explosives and
dewatering.
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32, BACK ANALYSIS

32.1 GENERAL

Natural or man-made conditions on a site somelimes create plienomena
which may be vsed to assess parameters that are atherwise difficult fo assess
or which may be used as a check on laboratory measuremenls. Examples of
such phenomena are slope farlures and settlement of structures. It may then
be possible, starting from the observed phenomena, toperform a back analvsis,
for example, rn the case of a slope faflure, to arrive at shear strength
paramelers which Tt the observed facts. Back analyvsis of seltiements Is also
possible, but care Is required in assessing actval loadrngs and the times for
which they have acted.

All applications of back analysis should be accompanied by rigorous
geological and geotechnical investigations, which should include a thorough
review of the history of the problem and examination of relevant climatic and
groundwater records. Back analysis should only be used if it is applicable to
the problem in hand and the ground conditions encountered. All parameters
that can have a significant effect on the analysis should be carefully
considered. Since it is very rare for a unique analytical solution to be
obtained, sensitivity studies are normally carried out to assess the effect of
parameters that cannot be obtained by direct means. The pitfalls of back
analysis are discussed further by Lerdueil & Tavenas (1981).

32.2 FAILURES

In Hong Kong, numerous landslides are caused by intense rainfall every
year, and back analysis is sometimes carried out to derive shear strength
parameters as part of the design procedure for slope remedial or preventive
works. However, a note of caution is necessary regarding the interpretation
and use of the results. Although the failure itself can be studied in great
detail after the event, it is extremely rare to have accurate information on the
specific ground conditicns at the time of failure, particularly with regard to
pore water pressures (Hencher et al, 1984). For this reason, back analysis may
be just as useful in permitting a rational, qualitative assessment of the failure
mechanism as in deriving information specifically on shear strength parameters
for use in design (Hencher & Martin, 1984}.

32.3 OTHER CASES

Although back analysis is carried out typically when slope failures or
significant ground movements have occurred, it can be useful in other cases
where conventional predictive methods may not lead to realistic design
solutions. An example of this application in Hong Kong is in the design of
preventive works for existing steep slopes formed in soils derived from insitu
rock weathering. In such cases, conventional slope stability analysis will often
yield factors of safety less than unity even when a slope has stood safely
without signs of distress for many years. Shear strength parameters obtained
from back analysis of hypothetical failure surfaces through the existing slope
often allow a more realistic form of stability improvement to be made than
would be possible from conventional analysis, However, it is very important to
check that the assumptions made in the back analysis are valid; for example,
the failure surfaces selected should be realistic and the proposed works should
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not result in any substantial change to the form of or leadings on the slope.
Similarly, in the prediction of settlements in variable ground, or in ground
from which it is impossible to retrieve representative samples, back analysis of
settlement data from an adjacent site in similar materials may be the only
satisfactory means of producing sensible predictions.
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33. GEOPHYSICAL SURVEYING

33.1 GENERAL

GCeophysics I's a specialized method of ground Iinvestigation. Where a
geophysical investigation Is required, the engineer directing the ground
investigation (see Section [5.2) would normally entrust it to an organization
specializing in this work. This organization will usuvally advise on the details
of the method to be used and will interpret the resuvits once they have been
oblained into a form that can be used directly by the directing engineer.
There Is advantage In maintaining a close liaison between the directing
engineer and the geopliysicist since difficult ground conditions may give rise to
problems of interpretation and hence a need for further iInvestigation.
Engineering applications of geophysics have sometimes been disappointing, and
It Iis Imporitant that the type of information supplied by the investigation Is
suitable for the project (Griffiths & King, 1983; Ridley Thomas, 1982/ The
intention of the following sections is to list the various geophysical methods
which are currently available, to grve some Indication of the problems they may
help to solve and to Indrcate the limitation of each method. The applicability
of the various geopliysical methods is summarized in Table 11.

Adeguate borehole control is essential for the interpretation of
geophysical observations, which are best included in a ground investigation
employing more conventiona! methods.

The aim of most geophysical methods of ground investigation is to locate
some form of subsurface anomaly where the materials on either side have
markedly different physical properties. These anomalies may take, for example,
the form of a boundary between two rock types, a fault, underground services,
or a cavity. In the initial stages 1t will almost always be necessary to check
the true nature of these anomalies by physical means, normally by borefoles.
once a correlation between the geophysical test results and the underground
phenomena has been established, the geophysical investigation may then yield
useful results rapidly and economically. It follows that where there is no
distinct change in physical properties across the anomaly, the geophysical
investigation may not detect a boundary. CGeophysical methods can also be
used to deduce soil and rock parameters; when this is done, the results
oblained should always be confirmed by direct!ly measured parameters.

Geophysical survey techniques are based on determining variations in a
physical property, such as electrical conductivity (resistivity), variations in
density (gravimetric), magnetic susceptibility (magnetic) or velocity of sonic
waves (seismic). Anomalies suclh as near surface disturbance (often known as
‘noise’’) are common in the urban environment and may limit the usefulness of
geophysics In these areas. Moreover, a geophysical anomaly does not always
match an engineering or geological boundary, and often there iIs a transition
zone at a boundary. This may lead to a margin of uncertainty, for example, in
determining the depth of sound rock that has a weathered boundary or
overlving boulders.

Good results in geophysical techniques are obtarned when the geological
condrtions are relatively simple, with large clear-cut contrasts in the relevant
physical properties between the formations. However, less favourable ground
conditions may still warrant consideration of geophysics, particularly at an
early stage In an Investigation, because of the relatively low cost and high
speed of the methods, e.g. to assist in eliminating alternative explanations of
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the geology. It may at limes be necessary to use two or more metfiods on a
trial and error basis to ascertain which yvields the most refiable results.

Geophysical surveyving Is generally used in a ground investigation lo
make a preliminary and rapid assessment of the ground conditions. In
favourable conditions, a geophysical technigue may indicate variations and
anomalies which can be correlated with geological or man-made features. The
results of geophysical survey can then be used to interpolate the ground
conditions between boreholes, and to indicate locations where further boreholes
are needed so that the significance of a geophysical anomaly can be
investigated.

33.2 LAND GEOPHYSICS
32.2.1 Resistivity

This technigue I's used for investigating the simpler geological problems.
A current is usually passed into the ground through two metal electrodes, and
the potential difference Is measured between two similar electrodes (8BS, 1965/
With suitable deployment of the electrodes, the system may be used to provide
information on the variation of geo-electrical properties with depth (depth
probes), lateral changes in resistivity (constant separation traversing’ or local
anomalous areas fequipotential surveyl, e.g. karst features, disused tunnels or
shafts. The unsuspected presence of electrical conductors, e.g. pipes or cables,
under the site will, of course, render the results unreliable. The interpretation
of the results obtained by this method does not always provide a definite
solution, particularly as the number of subsurface layers increases, because it
involves a curve matchiing lechinique which requires the assumplion of idealised
condrtions.

33.2.2 Gravimelric

In ground investigation, the gravity survey Is npnormally bmited (o
locating large cavities or faulls. Precision levelling and positioning of the
instrument at each station rs essential. With the more accurale instrumeints
now avalflable, it is possible that the gravity suvrvey method will become a
useful tool in locating hidden shafts and smaller cavities.

33.23 Magnrelic

Local changes in the earth's magnetic field are associated with changes
in rock types. In suitable circumstances, the technigue may locate boundaries
te.g. fauvlts or dyvkies) between rocks which display magnetic conirasts.
However, Its marn use in the civil engineering fleld is the flocation of burred
metalliferous man-made objects, such as cables or pipelines. {t can sometimes
be used for locating old mine shafts and areas of fill. I usrng this method to
detect the focation of faults or dyvkes, i1t is, of course essential to eliminate
the possrbility that the anomaly detected Is in truth buried metal

3324 Seismic

The serismic technigue, either reflection or refraction, may be used (o
locate subsurface boundaries whiclh separate materials fhaving different valves
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of sonic wave velocities. [n carryving out geophiysical surveys on land, the
refraction method is the one most frequently used. It Involves producing
seismic waves, either from a small explosive charge or from a mechanical
source (e.q. a frammer), and measuring accurately the time laken for them to
travel from the porint of origin to vibraltion detectors (geophones) at varyving
distances away.

The greatest use of this technigue is In the determination of bedrock
level (McFeat-Smith et al, 1986). Therefore, 1t Is commonly used in the
estimation of gquantities of soft materials avallable from a borrow area site.
One limitation of seismic refraction, fowever, Is that when the velocity of
transmission In the upper layer is greater than that below (e.g. If very
compact gravel overlies a clay’), then the Intervening boundary cannol be
detected and false layers may appear to be present!. Another vuse of this
technigue Is to provide wave velocity data for the assessment of insitu
dyvnamic modulus valves of rock masses (Meigh, 1977). only rarely will the
dyvnamic and static modulus values be the same. Environmental considerations
sometimes limit the application of this test. For example, explosives cannot be
used in vrban areas, and where the site lies near to the source of vibrations,
such as a busy road, the induced vibration may not be detectable.

By traversing a seismic refraction survey configuration, the resulting
variation of velocity afong the traverse can be used to Indfcate areas of
different rock tyvpes or fracture zonres. TIhis information Is vseful in deciding
the type of equipment to be used for rock excavation.

Direct seismic measurements can also be taken between two boreholes,
or from surface to borehole or borehole to surface. These techniques may be
useful for assessing the properties of the intervening rock mass, and in
detecting geological features such as cavities. Cross hole surveys, i.e. between
boreholes, may provide the best geophysical means for detecting cavities at
depth (McCann et al, 1987), but results can only be confirmed by subsequent
drilling.

33.3 MARINE GEOPHYSICS
33.3.1 General

wWith swvitable modifications of equipment, lhe land survey rtechnigues,
such as seismic refraction, magnetic and gravimetric teclinigues, may be
exlended lo the marine environment. of greater use, fowever, are lhe
techinigues that have been developed specifically for offshore work these are
described in the following three sections. [t is necessary to apply tidaf
corrections lo the data obtained, reducing them to an appropriate datum level
for proper interpretation. [t Is also Iimportant to establish precise survey
conltrol I the capacity for detailed structural identification is to be explorted
fully. Wwhere appropriate, electronic navigation systems should be employed.

In Hong Kong, the presence of sewage-rich seabed layers and certain

naturally gassy marine mud deposits results in 'masked zones', which can
severely limit the effectiveness of a geophysical survey.

33.3.2 Echo-Sounding

A continuous water depth profile along the track of a survey vessel is
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obtained by using an instrument that measures the time taken for a short
pulse of a high frequency sound wave to travel from a transducer attached to
the survey vessel down lo the seabed and back again. Such profiles are
combined to produce a bathymetric chart. KHowever, additional control may be
reqguired to ascertain whether the sounding Is reproducing reflections from soft
surface sediments or liigher density material underneath, and duval freguency
sounders may be useful for ths.

33.3.3 Continuous Selsmic Reflection Profiling

The use of continuous seismic reflection profifing should always be
considered as a complementary aid to exploratory borefioles in major offshore
investigations. An extension of the echo-sounding principle is used to provide
Iinformation on suvb-seabed acoustic reflectors which usuvally correspond to
changes In material types. The instrumentation required, especially the tyvpes
of acoustic source, depends on the Jlocal ground conditions and its choice
should therefore be left to a geophysicist who fas surtable experience. As a
guide, the higher frequency sources such as '‘pingers’ and 'high reselution
boomers’ are generally suitable for resolving near surface layering, whereas
'standard boomers’ and 'sparkers’ are more suited for coarser and thicker
layers. Typically, high resofution boomers have a resolution of about 0.5 m
and a depth penetration of about 80 m.

The results may give a visuval representation of geological features, but
guantitative data on depths to interfaces can only be determined if velocities
of transmission are Known.

There are two main [imitations to the technigue. Firstly, 1t cannot
usuvally delineate the boundary between two different materials that have
similar geophysical characteristics, secondly, in water depths of less than about
2 m, near-seabed reflectors may be obscured by muftiple reflections originating
from the seabed. Other problems are described in Table 11.

33.3.4 Side Scan Sonar

This Is an underwater acoustic technique analogous to oblique aerial
photography, enabling discontinuities and profiles offset from the line of
traverse to be recorded for subsegquent bathymetric charting by echo-sounding
or other techniques. It Is based on the reflection of high frequency puises of
sound by the seabed. The results provide a quantitative guide to the position
and shape of seabed features and a qualitative guide to the type of seabed
material. The system Is particularly useful in searches for rock outcrops,
pipelines, trenches and seabed obstructions, such as wrecks.

FI3.4 BOREHOLE LOGCGCING

With suitable instrumentation, certain geophysical techniques may be
adapted to provide logs of boreholes that are analogous to conventional
geological logs. These borehole logs may be used for geological corréelation
purposes across a site. Additionally, analyvsis of the data can assist in the
assessment of insitu values of parameters such as dynamic moduli and densirty.
The normal techniques consist of seismic (structural data’), electrical
(stratigraphical data). gamma gamma (density data), npatural gamma
(stratigraphical data) and caliper (borefrole diameter data); all these technigues
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are discussed by Brown (1981). Experience in the use of these methods Is at
present relatively limited and the data obtained should always be correlated
against the examination and testing of borehole samples and against the results
of other Insity tests.

33.5 CORROSION TESTING

Electrical resistivity may be uvsed lo assess the corrosivity of solls
towards ferrous materials. Conventional traverses with fixed intervals between
electrodes enable rapid coverage of the ground and the location of areas of
low resistivity. The spacing between electrodes should be approprizte to the
depth of burral of the ferrous material. The conventional ‘expansion’
technigue using T"deptlr probes” (see Section 33.21) may also be used to
determipe the variation in soll resistivity with depth. Generally, the likelithood
of severe corrosion decreases as the resistivity rises (see Chapter 13 and
Table 12).
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34, PRINCIPLES OF LABORATORY TESTING

The aims of laboratory testing of samples of soil and rock may be
summarized as follows .

(a) to identify and classify the samples with a view to
making use of past experience with materials of similar
geological age, origrin and condition, and

b} to obtain soil and rock parameters relevant to the
technical objectives of the investigation.

A thorough discussion of laboratory testing is beyond the scope of this
Geoguide. However, some basic aspects are briefly reviewed in Chapters 35 to
38 as laboratory testing is considered to be a part of the ground investigation,
and the overall site investigation would normally not be complete without it.
Further guidance on laboratory testing of rocks and soils is given in Brown
(1981) and BSI {1975b) respectively. The Geotechnical Manual for Slopes (GCO,
1984) discusses the testing of Hong KXong rocks and soils in particular.
Guidance on the description and classification of Hong Kong rocks and soils is
given in Geoguide 3 (GCO, 1988).

A general understanding of the ground conditions at a site is essential
before embarking on a programme of soil and rock testing. It is also
necessary to consider carefully how the data obtained from the tests are to be
used, and whether the information can assist in the solution of the engineering
problems concerned. As general guidance, the test method to be used should
have direct relevance to the engineering problem at hand and should simulate
the field conditions as closely as possible.
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35, SAMPLE STORAGE AND INSPECTION FACILITIES

35,7 HANDLING AND LABELLING

The general procedures for handling and labelling of samples in the freld
are given In Section 19.10. Samples should be treated with egqual care on
arrival at the core store or at the laboratory.

F35.2 STORAGE OF SAMPLES

An orderly proceduyre sfould be established so that each sample Is
registered on arrival and is then stored away in such & manner that it can be
located readily when required for examination or testing. Disturbed samples
should be stored on shelves, and, where jars are vsed, they should be placed
in purpose-made carriers. General purpose 100 mm dlameter samples should be
stored on their sides in purpose-made racks, while thin-walled or piston
samples containing soft clays should be stored vertically with the same
orientation as in the field prior to sampfing. The sample storage area shouvld
be of sulficient size to cater for the number of samples berng handled, without
overcrowding (see also Section 19.10.1).

F5.3 INSPECTION FACILITIES

An important feature is a sufficient area for the temporary stacking of
the samples, and an adequate amount of bench space for the actual inspection.
The following equipment should be provided .

‘@) an extruder for removing general purpose 100 mm
diameter samples from the sampler tubes,

(b}  an adequate number of trays to enable disturbed samples
of granular sofls to be tipped out for rnspection and
some means of returming them quickly to their containers
afterwards,

c) spatulas and knives for splitting general purpose 100 mm
diameter samples,

(d) diflute hydrochioric acid for the identification of soils and
rocks, '

te) a waler supply and appropriate sieves for washing the
fines out of samples of soils to facilitate description of
the coarser particles, and for cleaning rock cores and
block samples,

(f) a balance suitable for checking that the weight of bulk
samples is adeguate for testing,

(g) a sulficient number of dustbins, or other means of
disposal, to contain samplies not required after rnspection,

th) means of resealing samples reguired for further use,
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(7) washing facilities for the person inspecting the
samples, so that notes can be kept as lidy as

possible,

() hand lens, geological hammer, penknife, metlre scale and
protractor for logging cores,

(k) simple stereo-microscope with magnification to x30,
where necessary,

(/) adeguate photographic facilities (see Section 36.4).
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36, VISUAL EXAMINATION

36.1 GENERAL

The examinalion and description of samples of sorl and rock rs one of the
most important aspects of ground Investigalion. The resufts of a ground
Investigation may need to be used long after the disposal of the samples, In
which case the descriptions are, In many cases, the onfy remaining evidence
of what was discovered.

Detailed guidance for the description of soils and rocks is given in
Geoguide 3 (GCO, 1988).

36.2 SOIL

All disturbed soil samples, both jar and bulk, should be examined
ndividually and described by means of a permanent record made either on site
or shortly after the samples arrive in the laboratory. It Is customary during
sample description to examine the ends of undisturbed samples or to examine
the jfar sample obtained from the cutting shoe where it has been vsed, or both.
However, all undisturbed samples should be re-examined each time a specimern
Is taken for testing as colour changes or drying of the sample may have taken
place. When it r's known that no further soil testing is likely to be reguired,
the remaining undisturbed samples should be extruded and split down the
middle for examination, description and plotographing.

36,3 ROCK

A complete rock description should cover bothh the rock material and rock
mass claracteristics. The latter cannot be determined from individual samples,
but may be deduced to some extent from many sample descriptions and other
data. Where the material characteristics are not obvious, thin sections are a
valvable ard to first assessments made with a hand lens.

In the examination and description of large rock samples and rock cores,
particular attention should be paid to the location and nature of
discontinuities. The reduced level of shear zones and other major discon-
tinuities should be deduced and recorded. Other details such as orientation,
roughness and infilling should also be noted. If the discontinuities contain
infilling material, both this and the adjacent materials should be described.
Where possible, an undisturbed sample of both the infill and its surrounding
material should be extracted for testing purposes. For projects where the
nature of discontinuities is particularly important, a separate detailed
discontinuity log should be prepared (Figure 35).

36.4 PHOTOGRAPHIC RECORDS

Photograptic records, particularly if they are in colour, are a most
valvable supplementary record, although they cannot replace visuval description
completely. Where the purpose of the photographs is to provide a continuous
record, the same scale should be used throughout. The photographs should be
froe from distortion normal to the surface and should contain a clear scale.
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A standard colour chart should be included in all colour photographs.
When photographing rock core, the best effect can often be obtained by
wetting the surface of the core first. Soil samples should be photographed at
natural moisture content wherever possible, particularly if testing is to be
undertaken on the samples. In some instances, allowing a soil sample to dry

out partially may make differences in composition or structure clearer (see
Section 22.2).
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37, TESTS ON SOIL

37.1 GENERAL

Laboratory tests on soil are undertaken on a routine basis to determine
classification, strength, deformation, permeability, compaction and pavement
design parameters. Dispersion, collapse potential, chemical and corrosivity
tests may also be carried out. Table 12 lists the range of laboratory tests on
soil and groundwater, together with references and remarks on their use.
Some of these tests are reviewed in more detail in the Geotechnical Manual
for Slopes (GCO, 1984). It is important to ensure that tests are carried out
on samples that are truly representative of the materials at the site. For this
purpose, a full and accurate description of all samples tested should always be
recorded. When laboratory tests are not likely to be representative of the
mass behaviour of the ground at the site, the laboratory tests should be
supplemented or replaced by appropriate field tests.

In many cases, a field test will give more realistic results than a
laboratory test because of reduced problems of sample disturbance. Howe ver,
there is a large body of practical experience behind seme of the common
laboratory tests, and when the data derived from them are used with skill,
reliable predictions can be obtained. rhe general considerations set out in the
lollowing four sections should be borne in mind.

32.2 SAMPLE QUALITY

Quality classes are defined in Section 19.2. It Is essential that the
sample used Is of sufficiently high quality for the test in guestion. Handiing
of samples in the field s described in Section 19.10. When samples arrive in
the laboratory, all necessary steps should be taken to ensure that they are
preserved and stored at their natural moisture content and suffer the minimum
amount of shock and disturbance. Very often tests are carried out on
‘undisturbed’ samples which are far from undisturbed. In addition, the
sampling process itself will have released the initial state of stress in the
sample.

In preparing the laboratory test specimen, there is further disturbance
and unavoidable change In the stress conditions, and hence the test Is not
generally carried out under the same stress conditions as those which exist in
the natural ground (see Section 37.4).

I3 SAMPLE SIZE

For disturbed samples, the amount of soil required for any particulzr test
Is given in Table 7. As the behaviour of the ground is greally affected by
discontinuities, 'undisturbed’' samples should ideally be sufficiently large to
include a representative pattern of these discontinuities. Ihis can often be
achieved by the use of large ‘undisturbed’ samples.

37.4 TEST CONDITIONS

Where the test can be carried out under several different sets of
conditions, e.g. in the determination of soil strength, the particular test
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selected should be the one In which the conditions correspond most closely to
those that will exist in the field at the particular time which Is being
considered in the design.

37.5 RELEVANCE OF TEST RESULTS

Some laboratory tests are suitable only for particular types of soil. In
cases, where a test has been carried out and it is found later that the test
was not relevant to the actual sample used, the result should be discarded.
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38, TESTS ON ROCK

The behaviour of rock masses Is often controlled by the nature of the
discontinuities present and their orientation to the stresses created by the
works or dyring their construction. fn most cases, the scale of discontinuities
Is such that tests on laboratory specimens may yield results which cannot be
applied directly to the behaviour of the rock mass. In considering laboratory
tests on rock, a clear distinction needs to be made between tests which relate
to the behaviour of the rock mass as affected by the proposed construction
and tests which are relevant only to the rock materizl.

Laboratory tests on rock material are undertaken to determine classi-
fication, strength and deformation parameters. Tests to determine the basic
shear strength of specific discontinuities may also be undertaken. Table 13
lists the range of common laboratory tests on rock, together with references
and remarks on their use. Some of these tests are reviewed in the
Geotechnical Manual for Slopes (GCO, 1984) and BSI (198la). The significance
of the size and quality of the sample, the test conditions and the relevance of
the results, as discussed in Chapter 37 for socils, alsc apply in general to tests

on rock.
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PART VI
REPORTS AND INTERPRETATION
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39, FIELD REPORTS

The essential requirement of a field report is that it should contain all
the data necessary for the subsequent interpretation and use of the borehole
or field test. Field report forms should be easy to fill in and well laid out so
as to encourage the.operator or field supervisor to record all necessary data.
Such forms can in many cases be based upon the illustrative logs contained in
this Geoguide, but these need not be regarded as standard as other forms may
also be satisfactory. Examples of other field report forms can be found in BSI
{1981a).

The existing ground level, the location of any boreholes, and the location
and level of any points of sampling or testing, should always be recorded.
Where possible, the locations should take the form of reference coordinates
based on the Hong Kong Metric Grid and levels should be referenced to the
Hong Xong Principal Datum.

Daily reports form the basis of good field reports on rotary drilling. It
is not uncommon for drillers to keep their records on odd scraps of paper
while drilling is in progress and to make up their daily report forms from
these notes at the end of the day. This practice should be strongly
discouraged and the driller should be provided with a standard notebook which
can, if necessary, be checked against the daily report at a later date.
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40, SITE INVESTIGATION REPORT

40.7 GENERAL

Interpretation Is a continuous process which should begin in the
preliminary stages of data collection and should proceed as information from
the ground investigation becomes available. By using this information it is
often possible to detect and resolve anomalies as field and laboratory work
progresses. Engineering problems should be considered as the data becomes
availlable so that the engineer in charge of the investigation can decide what
additional exploration and testing needs to be carried out or conversely, where
appropriate, what reductions in his original programme are possible.

When an engineering interpretation and recommendations are reguired,
the report is best prepared in two distinct and separate parts, one a
descriplive report covering the procedures employed and the data obtained, and
the other the analysis, conclusions and recommendations. A general account of
the style and format of a report is given elsewhere (Palmer, 1957),

0.2 DESCRIPTIVE REPORT
40.2.1 Report as Record

In preparing a report, it should always be remembered that a few
months after it is written, when all the samples have been destroyed or
rendered unrepresentative, the report will be the only record of what was
found. Generally, the results will be presented in an appropriate format in a
formal report, which should be bound and issuved in a number of copies. ThHis
formal report will contain a description of the site and the procedures used,
logether with tables and diagrams giving the results. In addition, there will
be the field and laboratory report forms and data sheets, which provide a
delailed record of the data that were obtained. These forms are sometimes
not included in the formal report, but should in any case be preserved for a
sutficiently fong period so that they can be made available for reference when
necessary at a later date.

A copy of all descriptive reports should normally be lodged in the data
bank of the Geotechnical Information Unit (see Appendix B).

40.2.2 Introduction

The report should have an introduction stating for whom the work was
done, the nature of the investigation and its general Jocation, the purpose for
which the investigation was made and the period of time over which the work
was carried out.

40.2.3 Description of Site

The report should contain an unambiguous description of the geogra-
phical location of the site, so that the area covered by the investigation can
be located readily at a later date. This should include street names together
with Hong Kong Metric Grid references and a location map at an appropriate
scale, The description should also include general statements on site
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conditions at the time of investigation.

40.2.4 CGeology

An account should be grven of the geology of the site, and the sources
from which the information was obtained should be stated (see Section 4.2).
The amount of the data included will depend upon the nature of the work
being planned and also upon the amount of data available. The soil and rock
types identified and described in the report should be linked with the Anown
geclogy of the site, see Geoguide 3 (GCO, 1988).

0.2 5 Freld work

An account should be given of the methods of investigation and testing
used. It should include a description of all equipment used, e.g. types of
drilling rigs and tools. A note should be made of any difficulties experienced,
e.g. problems in recovering samples. The dates when the exploratory Work was
done should also be recorded together with a note about the weather
conditions where appropriate. The report should contain a drawing indicating
the positions of all pits, boreholes, fleld tests, elc. It should contain
sufficient topographical information so that these positions can be located at a
later date.

d0.26 KHorehole Logs

¢!} Ceneral. The final borehole logs should be based on the visual
examination and description of the samples, the laboratory test resulls where
appropriate, the drifler’s daily report forms and what i's known of the geology
of the site. BReing an rinterpretation of ground data which may at times be
conllicting, the logs should be finalised only when the appropriate fleld and
laboratory work has been completed. It Is important that all relevant data
collected by the driller, once checked and amended where necessary, should be
recorded.

The method of presentation of the data Is a subject on whicl there can
be no hard and fast rules. [In principle, the borehole logs should give a
picture in diagrams and words of the ground profile at the particular point
where the borehole was formed. The extent to which minor variations in soil
and rock tvpes should be recorded, together with any discontinuities and
anomalies, will depend on the various purposes for which the information will
be used.

Most organizations carrying out site investigation have standard forms
for borehole logs. It Is seldom practicable in these to make allowance for all
data which may possibly need to be recorded. It is therefore important that
an adequate space for remarks Is available to allow a record to be made of
items that are not specilically covered. An expedient which makes a standard
form rather more flexible is to leave one or more columns without headings so
that they can be used according to the data to be recorded.

All borehkole logs are a compromise between what it Is desirable to
record and what can be accommodated. What is actually presented will need
to be considered individually for each investigation. Where the dala are
copious, It may be preferable to record part of them elsewhere in the report,
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with a cross-reference on the /logs. The subsections which follow indicate the
data which a well-prepared borehole log may contain.

(2) General Data Common to All Logs. The following should be
recorded on aff logs :

ra} title of investigation,

(b) Job number or report number,

fc) Jlocation detailed by grid references,

(d) date of exploration,

fe) borehole number and sheet number, e.g. sheet 2 of 2,

) method of forming borehole, e.g. cable percussion or
rotary,

g/ make and model of plant used,
(h) ground level related to the Hong Kong Principal Datum,
(i) drameter of borehole,

) diameter of casing and depth to which the casing was
laken,

(k) a depth scale such that the depth of sampling, tests and
change in ground conditions can be readily determined,

f) depth of termrnation of borehole,

fm) depths of observation wells or piezometers, where these
have been installed, together with detarls of the
installation, preferably in the form of a diagram,

(n) groundwater levels measured subsegquent to the com-
pletion of prezometers, unless recorded separately.

(3) Legend and Symbols. The ground profiles should be illustrated by
means of & legend using the symbols illustrated on figures in this document.
and more fully presented in Geoguide 3 (GCO, 1988). The legend is most
commonly placed near the centre of the sheet, which enables reduced levels,
depths, thicknesses and sampling data to be arranged con venlently on erther
side. An alternative is fo have it as the extreme right hand column, which
enables the logs of adjacent and nearby boreholes to be readrly compared
without folding or cutting the sheets.

Apart from the symbols referred to above, no recommendations are given
for the many other symbols required for the preparation of borehole logs.
Many different types are in use, and provided an adequate Aey Is given with
every setl of borehole logs, there should be no difficulty in interpreting them.
The symbols may be given on a separate sheet or on eacl sheet  Both
methods have advantages and corresponding disadvantages. The first saves
space on the actual logs, thus enabling a greater depth to be logged on each
sheet or a larger 'remarks’ space to be provided. It does have the



200

disadvantage that the reader may need constantly to refer back to the key.

(4) Light Cable Percussion Boring. For light cable percussion boring, 1
addition to the items referred to in Sections 40.2.6(2) and 40.2.6(3), the
following information should be recorded in the log -

(2) A description of each zone or material type together
with its thickness.

(b)) The depth and level of each change of zone or material
type.

fc) The depth of the top and bottom of each tube sample, or
bulk sample and Its type (see Chapter 19); the depth of
eaclh small disturbed sample.

(d) The a’eﬁtﬁ at the top and bottom of eacl borehole test,
and the nature of the test.

{e) For standard penetration tests, it should always be noted
if the sampler has not been driven the full 450 mm
required for the test (see Section 21.2.3).

() The date when eaclh section was bored.

rg) A record of water levels, including rate of rise of water
level depth of water in the borehole at the start and
finish of a shift and the depth of casing when each
observation was made.

(h) A record of any water added to facilitate boring.
(5) Rotary Drilling. For rotary drilling, in addition to the items

referred to in Sections 40.2.6(2) and 40.2.6(3), the following information should
be recorded in the log !

(2) A description of all ground conditions encountered.
(h) The depth and level of each change in ground conditions.
(c) The depth of the start and finish of each core run.

(d) The core recovery for each run, usually expressed as
percentage total core recovery{GCO0, 1988).

(e) For rock, the fracture state, expressed in terms of one
or more of the following .- rock quality designation
(ROD), solid core recovery or fracture index (GCO,
1988).

¢f) The date when eaclh section of the core was drilled.

(g) An indication of the drilling water recovery for eacli
core run, with a note on any change in colour.

(h) A record of the depth of water Iin the hole at the start
and finish of a shift and the depth of the casing, where
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used, at the time the observations were made.

7} A record of tests carried oul, such as permeability and
packer lests.

£/} The orfentation of the borefoles.

(6} Summary or Condensed Log. Where an investigation contains a
large number of deep boreholes, the full logs can add up to a substantial
weight of paper, and to include all of these in each copy of the report may be
unnecessary. An alternative is to include only summarized or condensed logs
in the report itself, provided these are sufficiently comprehensive and
significant details are not omitted.

An example of a borehole log is given in Figure 44.

40.2 7 incidence and Belaviour of Groundwater

in order to obtain a clear understanding of the rncidence and behaviour
of groundwater, it Is essential that all data collected on the groundwater
should be included and that where no groundwater was encountered, this too
should be recorded. Where the information derived from boreholes is not too
voluminous, It is best included in the logs. When this is not possible, the data
should be given elsewhere in the report and cross-referenced in the borehole
logs. Wwhere the position of the borefiole casing at the time of an chservation
Is relevant, its position should be stated. All other data, including those from
separale observation wells or prezometers, should be given separately. Where
drilling with water or air flush has been used, this should be recorded and its
effect on groundwater levels should be assessed.

40.2.8 Laéatz’on of Boreholes

The report should contain a plan showing the precise location and top
level of each borehole ¢see Chapler 3%/,

40.2.9 Laboratory Test Results and Sample Descriptions

Where test procedures are covered by recogmnized standards, the
reporting of the results should be in accordance with those standards, where
they are not so covered, relevant data should be given. For example, In a
triaxial compression test the actual numerical result on each specimen should
be given and not only the Interpreted parameters. Where an extensive
programme of testing has been undertaken, a summary should be provided in
addition to the detailed results. The precise test carried out should also be
stated without ambigurty. Where the test Is reasonably standard, for instance
"consolidated drained triaxial compression test on 100 mm diameter samples”,
the name alone will suffice, but where the test Is not standard a full
description should be given.

The visual descriptions of all samples tested should appear in the report.
The precise method of recording them will depend upon circumstances. It may
be convenient to show them on the same sheets as the results of the
laboratory tests, or a separate table may be preferable.
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In any event, the descriptions should all appear in one place. At times,
the results of the laboratory tests, and in particular the identification tests,
will indicate a soil different from that indicated by the visual description.
The original description should not be discarded on that account but should be
preserved as a record of the observer's opinion. If soil descriptions have been
modified in the light of laboratory test data, this should be indicated clearly
in the report, see Geoquide 3 (GCO, 1988). The laboratory report forms and
data sheets should be filed for possible future reference (see Section 40.2.1).

40.3 ENGINEERING INTERPRETATION
40.3.1 Matters to be Covered

Methods of analysing ground data and applying them to the solution of
engineering problems are not covered in this Geoguide. Guidance on analysis
and application of ground data may be found in various British Standards (e.qg.
BSI, 1965; 1973; 1974b; 1975a; 1977; 1981b; 1986) and local guidance documernts
{e.g. Geotechnical Manual for Slopes and Geoguide 1). Sections 40.3.2 to 46.3.9
deal with the form of the report, and list the most common topics on which
advice and recommendalions are reguired. These sections also cormtain some
guidance on what should be included. The topics are listed briefly under the
general headings . design, construction expedients, sources of materials, and
failure. It is likely that in many cases the client commissioning the
investigation will indicate those aspects of the project on which fhe requires
advice and recommendations,; the topics listed below are intended as a guide
where this may not have been done.

40.3.2 DPata on which Interpretation I's Based

The data o which the analyvsis and recommendations are based should be
cleardy indicated. The rinformation generally comes under I(wo separale
headings

ta) Information related to the project (which Is usually
supplied by the designer). For example, for buildings and
other structures this should fnclude full details on the
loading (including dead and live loads), column spacing
twhere appropriate), depth and extent of basements and
details of nefghbouring structures. for earthiworks, the
herght of embankments, the materials to be used and the
depths of cut slopes are relevant lo the interpretation.

(b)) Ground parameters (wiich are usually selected from the
descriptive report by the engineer who performs the
analysis and prepares the recommendations). There is no
universally accepted method of selecting these
parameters, but the following appreoach may help (o
arrive at reliable valuves .

7 compare both laboratory and rmsitu test
results with ground descriptions,

(75} cross-check, where possrble, laboratory and
insity results in the same ground,
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arr) collect individually acceptable results for
eaclh ground uwumlt, and decide repre-
sentative values appropriate to the number
of results,

v/ wliere possible, compare the representative
values with published data for similar
geological formations or ground units.

40.3.3 Presentation of Borelole Data

For the purpose of analysis, It iIs frequently necessary to make
simplifying assumptions about the ground profile at the site. These are best
conveyed in a report by a series of cross sections ifllustrating the ground
profile, simplified as required, and showing the groundwater levels. TIhe
sections shouvld preferably be plotied to a natural scale. If rt is necessary to
exaggerate the vertical scale, the multip/yving factor should be limited to avoid
conveying a misleading impression. Where the ground information is either
very variable or too sparse to enable cross sections to be prepared, rndrvidual
borehole logs plotted disgrammatically are an acceptable alternative. Ir it Is
particularly important to prepare cross sections, sparse and variable
information can sometimes be supplemented by means of rnformation from
soundings and geoplysical investigations on areas between boreholes. It can
be helpful to indicate relevant sorl parameters on cross sections, for example,
resuflts of standard penetration tests, (triaxial tests and representative
parameters from consolidation lests.

In certain engineering problems, it may be useful to construct contours
of the bedrock and groundwater surfaces from borehole data. In marine
investigations, contours of the seabed, and contours and isopachs of the
various stratigraphic units below the seabed, may be constructed.

40.3.4 Design

The following list, which I's by no means exhaustive, indicates the topics
onn wihiclt advice and recommendations are often required, and also what should
be fncluded in the report.

(a) Slope stability: geological model; shear strength
parameters; water pressures for the design condition:
assessment of risk to .life and economic risk:
recommended slope angle. Comment should be made on
surface drainage and protection measures, and on any
subsurface drainage required. For rock slopes, an
assessment of potential failures due to unfavourably
orientated discontinuities should be made. Possible
methods of stabilizing local areas of instability and
surface protection measures should be recommended.
Advice on monitoring of potentially unstable slopes
should also be given (GCO, 1984). '

(b) Retaining walls: earth and water pressures: passive and
frictional resistance; foundation bearing capacity, see
Geoguide 1 (GEO, 1993).
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Embankments. stability of embankment foundations,
assessment of amount and rate of settlement and the
possibility of hastening it by such means as vertical
drains, recommendations for side slopes (see (a) abovel;
choice of construction /materials and methods.

Drainage: possible drainage methods during construction
for works above and below ground general permanent
land drainage schemes for extensive areas.

Basements: earth and water pressures on basement walls
and floor; comment on the possibility of flotation. An
estimate of the rise of the basement floor during
construction should be made, where appropriate.

Plles: types of piles suited to the ground profile and
environment; estimated safe working loads, or data from
which they can be assessed; estimated settlements of
structures.

Ground anchors: bearing ground layer and estimated safe
loads, or data from which they may be calculated, e.g.
suitability tests (Brian-Boys & Howells, 1984).

Pavement design: design California Bearing Ratios, type
and thickness of pavement: possibility of using sofl
stabilization for forming pavement bases or sub-bases;
recommendations, where appropriate, for sub-grade
drainage.

Funnels and underground works: methods and sequence
of excavation, whether excavation is likely to be stable
without support; suggested methods of lining in unstable
excavations, possible use of rock bolting; possibility of
encountering groundwater, and recommendations [for
dealing with 1t: special features for pressure tunnels.

Salety of neighbouring structures: Iikely amount of
movement caused by adjacent excavations and
gqroundwater lfowering, compressed alr working, grouting
and ground freezing or other geotechnical processes.
The possibility of movement due to increased loading on
adjacent ground may also need to be considered.

Monitoring of movements. need [for measuring the
amount of movement taking place Iin structures and
slopes, together with recommendations on the method to
be used (see Section 16.4); recommendations for taking
photographs before the commencement of works (see
Section 4.1.2/.

Chemical attack: protection of buried steel or concrete
against attack from aggressive solls and groundwater.
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40.3.5 Construction Expedients

Comments and recommendations are often reguired on the points listed
below. Salfety aspects should be Iincluded where appropriate.

(a) Open excavations: method and seguence of excavation,
what support Is needed; fiow to avoid ‘'boiling’ and
bottom heavey estimated uvpward movement of ffoor of
excavaltion; relative merits of sheet piling and driaphragm
or contiguous bored pile walls where appropriate.

tb) Underground excavations: method and seguence of
excavation and the need for temporary roof and side
support.

fc) Groundwater: [ikely flow, head and gquantity and how to
deal with it

(d) Driven piles, bored prles and ground anchors: methods of
driving or construction suited to the ground profile,
environment and neifghbouring buildings.

(e) Grouting: types of grouts likely to be successful in the
ground and recommended method of injection.

() Mechanical improvement of soil below ground Jlevel:
suitability of technigues for the consolidation of loose
soils.

40.3.6 Sources of Materials
The following are suggested :

(a) Fill: possibility of using excavated material for filling
with an assessment of the proportions of usable material:
methods and standards of compaction' possrble off-site
sources of Il bulking factor.

(b) Filter materials, concrete aggregates, road base and

surfacing materials: possible sources and the suitability
of the materials from these scurces.

40.3.7 Farlures

Where site Investigation has been undertaken in an attempt to identify
the cause of farlures the undermentioned points may be relevant.

(@) Foundations: nature and dimensions of the foundations,
identification of the cause of failure and where
appropriate, an estimate of the amount of settlement
which fas already occurred, together with an assessment
of how much more is likely to occur and its probable
effect on the structure; cause of excessive vibrations of
macfiine foundations; recommendations for remedial
mMeasures.
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(b) Landslides: classification of the type of movement and
location of the faillure planes; recommendations for
immediate stabilizing expedients and long term measures.

fc) Embankments: identification of whether the seat of
faflure lies within the embankment itself or the
underlving foundation, the probable cause and suggested
method of repair and strengthemning.

(d) Retarning walls: cause of failure or excessive deflection,
forecast of future befaviour of wall and recommendations
where appropriate for strengthening it.

fe) Pavemenis: determination of whether the failure Is

within the pavement itself or the sub-grade and
recommendations for repairs or strengthening or both.

40.3.8 Calculations

where calculations have been made, they should be rincluded as an
appendrx, or a clear indication of the methods used should be given.

40.3.9 Relferences

All published works referred to in the report should be Ilisted.
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Table 1 - Selected Maps, Plans and Aerial Photographs Available from the
Lands Department

Number . . Price
e eries
Map / Plan Coverage of (s;'rlmfnl SNo per Copy
Sheets : (1987 HK$)
Large - scale plans
1:1000 Full 1967 750 x 850 HP1C 10.00
1:1200 NT & Islands 580 762 x 1016 - 10.00
Medium - scale plans
1: 2500 Urban 73 750 x 850 HP2.5C 10.00
1: 5000 Urban & NT 122 750 x 850 HP5C 10.00
1: 7500 Street maps Urban & 22 650 x 800 SM7D 10.00
NT Townships
1: 10000 Street maps | Urban, Shatin, 9 750 x 850 SMI10D 10.00
Tsuen Wan &
Tsing Yi )
1: 15000 Kowloon 1 785 x 1115 SMI15D 10.00
Hong Kong 1 765 x 1090
Topographic maps
1: 20000 Fuall 16 780 x B850 HM20C 15.00
1: 50000 Full 2 1020 x 755 HMS0CL 12.50
HMS0CP 10.00
1: 100 000 Futl 1 625 x 785 HM100CL 10.00
1: 200000 Full 1 235 x 343 HM200CL 2.50
Geological maps
1: 50000 (1971) Full 2 1020 x 755 - 8.00
1: 20 000 (1936)* Map Sheet 7 2 780 x 850 HGM20 20.00
&n
. *
Aerial photographs Full - 250 x 250 - 20.00
Approved town plans - - - - 10.00/ 20.00
Legend :
»* See Figure 3 for full programme of the new geological survey

* See Table 2 for

further details
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Table 2 - Aerial Photographs Available from the Lands Department
{sheet 1 of 2, large scale photographs)

Approximate

Year Scalels) Coverage (%] Remarks
HKI| K [ NT
1924 Approx. 1:14000 50 10 | 30 Medium to low resolution, single frames

with incidental stereo oveflap.

Medium to good resolution.
1945 1:12000 85 60 95 Almost all areas except east-west strip
from Tuen Mun to Sai Kung.

Good resolution. Excellent coverage of
1949 1: 5160 100 95 30 north-west New Territories. Good coverage
of lowland areas.

1956 1:10000 )
10 50 5 Good resolution; some stereo overlap.
1959 1:13300
1961 1:10000 100 | 100 | 10 Good resolution; small relief exaggeration,
NT = 1:7800 Excellent resolution, full sterec coverage.

1963 100 | 100 | 8§ Coverage of all areas except Mai Po to

HKI + K = 1:5400 Sha Tau Kok.
1964 1: 38600 40‘ 5 40 Coverage of trunk roads.
1967 1: 7800 -1:12500 90 90 20 Coverage of main Urban Area only.

1968 - 1970 | 1: 5000 -1:10000 40 [ 100 20 Coverage of Urban Areas.

1972 1: 6000-1:13000| 60 80 | 30 Coverage of trunk roads.

1973 1: 3000 70 | 100 5 Urban Areas only.
1:10000 -1:12 000 70 | 100 90 Most of Territory.
1974 1: 5000 10 70 30 Coverage of north-west and west
) New Territories.
. 1 Coverage of north-west and west
1975 1: 4600-1:10000 S 40 | 30 New Territories.

1876 1: 2000-1: 8000 | 100 | 100 | 40 Coverage of Urban Areas and New Towns.
1977 1: 2800-1: 8000 | 100 | 100 | so | Detailed coverage of north-west and north
‘ ) Mew Territories pius New Towns.

1978 A A includi
to 1: 4000-1: 8000 | 100 | 100 | 60 nnual coverage of Urban Areas including

present New Towns and lowland areas.
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Table 2 - Aerial Photographs Available from the Lands Department
(sheet 2 of 2, high altitude photographs)

Approximate

Year Scalels) Coverage (%) Remarks
HK1| K NT
1954 1: 25000 2| 80 | 90 | Good resolution.

Excellent resolulion. Mosaic of aerial
1964 1:25000 100 | 100 | 100 photographs available. East to west
flight lines, 4 to S5km apart.

Good resolution. East to west flight lines

1973 1:25000 100 100 90 3 to 5km apart.

1974 - 1976 | 1:25000 100 | 100 | 100 | Boot e ight tines. T to bkm apart.
1977 1:25000 anty | 20 | Cantey: west New Territories and Sha Tin.
1978 1:25000 100 100 | 100 Complete coverage.

1979 1:20000 100 | 100 | 100 | Complete coverage.
1980 1:20000 100 80 20 Southern half of Territory only.
1981 1:20000 100 | 100 | 100 Complete coverage.

1:40000 - 1:50000 80 80 10 Urban Area and Lantau only,

1982 1t 20000 100 | 100 | 100 Complete coverage.
983 1:20000 100 | 100 | 100 | Complete coverage.
1
1:40000 100 | 100 95 Almost complete coverage.
) Coverage of Urban Area, Clearwater Bay
1984 1:20000 30 40 15 and Sai Kung Peninsula.
1:20000
1985 100 | 100 | 100 | Complete coverage.
1:30000
1986 1:20000 100 | 100 | 100 { Complete coverage.

1987 1:40000 100 | 100 | 100 Complete coverage.
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Table 3 - Guidance on Site Investigation for Slopes and Retaining Walls
in Hong Kong

S.l. Class Boundaries for Different Features

Cut Slopes Other Features
Soil Fill Slope
15F
S.I. Class S.l. Class
— 10F 2 |
E 1 N 10
€ 312 1
T g5l = 5}
3 3 T 3t I
1 1 1 1
0 30° 60° 90° 8 0 30° 60° 90° ©
Rock Retaining Wall
151+
S.l. Class
T 2 1 a
- o
T ot 3 S 3 2 1
3r )
1 1 .
0 30° 60° 90° © 0 3 6 H {m)
Legend
H Height of feature
8 Angle of feature
o Angle of natural hillside

{Table 4)

Cut slope

Notes : (1) This Table is intended to provide general guidance only. [t should be read
in conjunction with Table &. Each situation must be assessed on its own
merits to decide on the appropriate scope of the S.1.. More or less intensive
S.I. than that recommended may be required, depending on the particular
site conditions.

(2) Irrespective of the above S.I. class boundaries, the least stringent
S.1. class for different risk categories should be Class 1 for ‘High' risk,
Class 2 for ‘Low’' risk and Class 3 for 'Negligible’' risk. The risk categories
are those given in the Geotechnical Manual for Slopes (GCO, 1984] and
should be assessed with reference to both the present use and the
development potential of the site.
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Table 4 - Content of Site Investigation for Slopes and Retaining Walls

in Hong Kong

Angle of Natural Hillside in the Vicinity of the Site, o

s. 1.
Class 0° to 20° 20° to 40° Greater than 40°
A C1 D E1 G1 AB1 C1 DE1T F1 61 AB1 C1 DE1T F1 61
B2 C2 E2 F2 G2 B2 C2 E2 F2 G2 B2 C2 E2 F2 G2
E3 G3 E3 G3 E3 G3

Detailed topographical and

As for 0" to 20°. Survey of

As for 20" to 40". Extend

1 geological survey of the site | boulders and hydrological investigation more widely
and its surroundings. Stability| features affecting the site. outside limits of site to
analysis of features within Extend investigation locally | permit stability analysis of
the site, using strength and outside Limits of site to features above and below
groundwater parameters permit stability analysis of | the site.
obtained from the investigation.| features above and below

the site.
A C1 D G1 AB1TC1D F1 G1 [ AB1 C1 D E1 F1 G
B2 C2 E2 F2 G2 B2 C2 E2 F2 G2 B2 C2 E2 F2 G2
E3 G3 E3 G3 E3 G3
Topographical and geological As for 0" to 20°. Survey of As for 20 to 40. Extend

2 survey of the site and its boulders and hydrological investigation outside limits
surroundings. Stability analysis | features affecting the site, of site to permit stability
of features within the site. analysis of features above
For fill slopes steeper than and below the site.
1on 3, remoulded strength
tests on fill should be carried
out.

D B1 D AB1 C1D
B2 B2 C2 G2 B2 C2 E2 F2 G2
E3 G3 E3 G3 E3 G3
3 Assessment of surrounding As for 0"to 20°, with survey | As for 20" to 40". Area outside

topography and geology for
indication of stability. Visual
examination of geological
materials.

of topography and geology,
including survey of boulders
and hydrological features
affecting the site.

the site boundary should
also be examined for potential
instability .

A. Examination of terrestrial photographs,
aerial photos and geological maps

B. Survey of

1. boulders and hydrological features
2. topographicol‘ geological and

surface drainage features

. Mapping of

1. geological structures
2. surface features

D. Ground investigation, such as trial
pits, boreholes, coring, probing and
piezometer installations, as appropriate

E. Sampling

1. quality class 1 or 2

2.quality class 3

3. quality class 4

F. Field measurements of
1. permeability
2. pore pressures

G. Laboratory tests
1. intact strength tests for soils and

rock joints, remoulded strength
tests for fill
2. density tests for fill materials
3. classification/index tests

Notes :

be read in conjunction with Table 3.

{2) Installation of instruments for long term monitoring of ground
displacements and pore pressures should be considered during
the site investigation stage.

(1) This table is intended to provide general guidance only. It should
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Table 6 - Principal Causes of Soil Disturbance

Before Sampling

During Sampling

After Sampling

Stress relief

Swelling

Compaction
Displacement
Base heave
Piping

Caving

Stress relief

Remoulding

Displacement

Shattering

Stones at the cutting shoe
Mixing or segregation

Failure to recover

Stress relief

Migration of water
within the sample

Loss of moisture
Overheating
Vibration
Chemical changes

Disturbance during
extrusion

Note :  Table adapted from Clayton et al {1982).

Table 7 - Mass of Soil Required for Various Laboratory Tests

Purpose of Sample

Mass of

Soil indentification, including
Atterberg limits; sieve analysis;
moisture content and

sulphate content tests

Soil Type Sample Required
Clay, silt, sand 1 kg
Fine and medium gravel 5 kg
Coarse gravel 30 kg

Compaction tests All 25kg to 60 kg

Comprehensive examination Clay, silt, sand 100 kg

of cor)siruct_ion mqt_eriq.ls,

including soil stabilization Fine and medium gravel 130 kg
Coarse gravel 160 kg

Note : Table taken from BS 5930 {( BSI, 1981a ).
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Expected Sample Quality from Different Sampling Procedures

for Hong Kong Materials

ical " , Expected
Material Type Typ|c¢f: Cc;mpola on Sampling Procedure Quality
of Matenals Class
Soils derived Composition of soils varies Block sample from dry excavation 1
from insitu | depending on the nature of Large diameter triple-tube core-barrel 1
rock weathering| parent rock material. Soils (102mm diameter cores) with retractor
: derived from granitic rock are -| ghoe, air-foam flush
usually silty and clayey sands;| ;. .
soils derived from volcanic Triple-tube core-barrel {>74mm 1/2
rock are usually sandy and diameter cores) with retractor shoe
clayey silts. U100 sampler 2/4
SPT split barrel sampler with or 3/4
without liner
Bulk samples and jar samples from 314
dry open excavation
Light percussion shell and chisel 5
for boulders
Colluvium Fresh or variably decomposed | The sampling procedures for soils
rock fragments (boulders, derived from insitu rock weathering
cobbles and gravels] within apply.
a matrix of varying proportions
of sand, silt and clay
Alluvial and The following materials
marine deposits| can be found :
(a} Granular soils {sands, Piston sampler or compressed air 2/3
silty sands or sandy silts) | sand sampler
V100 sampler (with core-catcher) 4
SPT split barrel sampler 4
Light percussion shell ]
(b} Very soft to soft cohesive | Piston sampler 1
s‘oﬂs (sanfy clays, silty | Thin-walied sampler 12
clays or clays) U100 sampler 2/3
Delft continuous sampler 2/3
Light percussion clay cutter (dry 4/5
boreholes) or shell {wet boreholes)
(¢} Firm to very stiff Triple-tube core-barrel with 172
cohesive soils retractor shoe
U100 sampler 2/3
Light percussion clay cutter 5
(d) Cehesive and granular The sumpling.prpcedures for soils
soils containing boulders, derived from insitu rock weathering
cobbles or gravel apply.
Fill yariable material, which can See sampling procedures for relevant
include compacted or soil type and composition under 'Alluvial
uncompacted soil, rock and Marine Deposits‘ above.
fragments and building
debris mixtures
Rock All rock types found in Hong | Diamond core drilling with double or N/A
Kong, including boulders in triple-tube core-barrel. The latter
colluvium generally causes less disturbance and
gives better core recovery, especially in
highly fractured or jointed rocks.
Notes : (1) The typical composition of materials should only be taken as a general guide.

(2)
(3)

The quality classes are defined in Table 9.
The expected quality classes given should only be taken as a guide, as

sample quality is highly dependent on workmanship and on the compactness
(or consistency) and grading of the seil,
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Table 9 - Soil Sample Quality Classification

Soil Properties that

Sample Quality Can Be Reliably Determined

Class 1 . Classification, moisture content, density,
strength, deformation and consolidation
characteristics

Class 2 Classification, moisture content, density
Class 3 Classification, moisture content

Class 4 Classification

Class 5 None (approximate sequence of

materials oniy}

Notes : (1) Large diameter class 1 and class 2 samples are often sufficient
to allow the ‘fabric’ of the soil to be examined. Sometimes
this may also be done using class 3 and class 4 samples.

(2] Remoulded properties can be obtained using class 1 to class 4
samples. E

(3) Table taken from BS 5930 (BSI,1981a).
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Site Investigation

Investigation

Design and Construction

Report on Main
Ground |nvestigation

}

Finalise Design of Project

1
|
Stage Activities ! Progress
Recognition of need for project
INITIAL PROJECT CONCEPTION
| }

Desk Study Desk study, to obtain | . .
basic knowledge of ’ Basic project
ground conditions concept designs

]
]
Recognition of \ J
major problems '
1
Site reconnaissance : Confirmation or
and preliminary ' amendment of
. field investigations design concept
Preliminary |
|
Design of main Preliminary/Detailed
ground investigation Design
:
Ground Investigation | ‘
Information recovered Modifications to
Main during investigation detailed design
|
i
]

Construction

Post - construction

{

}

CONSTRUCTION

Recording actual
ground conditions

Further investigation

{

‘ /
* Modifications to design

/

‘ Modifications to design

: {

COMPLETION OF CONSTRUCTION

}

Monitoring behaviour
in operation

’ |

!
’ Maintenance works
1

Legend :

. Exchange of information

Note : Figure adopted from IAEG (1981).

Figure 1 - Stages of a Site Investigation
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|
\ N
: i

NEW TERRITORIES

HONG KONG /

42

2 4 km
Scale 1: 100000 O

ro

Legend:
J(]M} Mid-tlevels Scheduled Area  —=—=—=- Mass Transit Railway

Figure 2 - Locations of the Mid-levels Scheduled Area
and Mass Transit Railway
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Geological Memoir Nos. 1:20000 Map Sheet Nos.
Geological Date Map Coverage Date
Memoir Nos. Available 1:20000 Sheet Nos. Available

1, 2 1986 7. 10% 11, 1.* 16* 1986

3 1988 5 15 1987

4 1989 2, 6, 12, 186 1988

5 1990 3, 4, 8 1989

6 1991 9, 10, 13, 14 1991

Legend :
* Minor part only, published in Memoir No.2
Note 1: 20000 Map Sheet No.1 will not be included in the new

geclogical survey.

Figure 3 - Programme of the New Geological Survey
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Boundaries of the GASP Areas

Scale

Geotechnical Area Studies Programme Date
{GASP) Reports and Maps Available
{1:20000 scale mapping)

I - Hong Kong and Kowloon 1987
I1 - Central New Territories 1987
II1 - West New Territories 1987
Iv - North West New Territories 1987
v - North New Territories 1988
vl - North Lantau 1988
VIl - Clear Waler Bay 1988
VIII - North East New Territories 1988
IX - East New Territories 1988
X - islands 1988
X1 - South Lantau 1988
XII - Territory of Hong Kong 1989

Note : Reprints of all maps are held in the Geotechnical information Unit.

Figure 4 - The Geotechnical Area Studies Programme

0 2 4 6 8 0km
e . ——
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Soft, moist, dark brown, arganic, slightly gravelly,
SILT/CLAY (Old Top Soil )

Slope No. : 11SW-B/CRE8S Trial Pit No. P - 6
Location Garden Road Sheet 1 of 1
Logged by : A.N.Chan Method of Excavation: Hand { timber shoring Date Excavated : 1.1.1983
Checked by : A.N. Lau full height}
Date 5.1.83 Co-ordinates : E 34444.44 N 15555.55 Date Backfilled : 20.1.1983
Samples Depth | FACE A : FACE B : FACE C : FACE D :
& Tests (m) Width = 1.60m | Width = 1.40m | Width = 1.60m | Width = 1.40m
________ —yDatm 71.38mpPD__{ _ ___ __ _ | __ | ________l_]
~ Q.1 : T
] R ‘\W T
0.5 Fr{ w0 -
] AR . .10 ',-'o‘ 2 I -
! 1 Joo- " T ol e ANGRNT X
® 1A 5| 1.0 o % -8 0% N ~
iBe 1- Q- 0 C
1.5 - " X - i . _ -
] — F; ' . C
2 ] x ) Stone pitch . — | ) 5
2 {1 * . .. - pitching X Boulder I -
® 240 | 2.0 —sand & gravel ° C{_ o o
Be ‘;’_ —— - ., |Bouderm/m " f
25 4 - - a |.’ / -
- X * . . s
3 ] Bricks & gravel o 0 x Brick -
® sae 2|30 _ S 4 ot
1 &3 Fs & -
iBe 1 o X L
3.5 _- - x — 4 - :_
1 —1e° X Drainage C
: e b 4.0 _- Dramuge pipe Drainage — | | pipe o
| «0 pipe o ° o A
iBe ; X s 0 -
54 o = o —/f‘A—’ -
5.0 - Base of pit T [
Legend Description Grade
"_X'o'-’ F1 Loose, dry, Light brown, gravelly silty SAND (Fill)
° o Loose, dry, Light brown, gravelly silty SAND with
o "xFz | many roots (Fill}
" '.'P':.-' Loose to medium dense, dry, reddish brown, slightly
.9 - X | gravelly, silty/clayey SAND, with pieces of glass
» .0 Fsfand brick {Fill}
4
A,

Plate bearing

Large disturbed

Works Order No. :

2/1/93

x5 ¢ . .

=° Soft, moist,reddish brown, gravelly, SILT/CLAY L test * sample

x 90y |(Colluvium-matrix). Slakes easily. Hand - Insitu density g Undisturded
| |penetrometer strength = 40 kPa test sample, hori.
v v Moisture [ Undisturbed
O Angular to sub-angular cobbles of moderately content test sample. vert.
¥ ¥ |strong, dry, dark greenish grey, inequigranular, o A Water sample @ Block sample
é , | moderately decomposed coarse ash TUFF 3 Seepage CZ) Photograph

{ Colluvium - rock fragment ) ® Smull disturbed 4 Bench mark

Y «p sample

Contractor : A.N. Company .

Engineer : A.N.Lau & Partners

Figure 7 - Trial Pit Log (Example 1)
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Trial Pit No. : TRN 6

Face C Sheet 3 of 4
Type of Excavation Hand-dug Contractor : A.N. Company Study Area Area A
Type of Pump (if used) : Nil Date E d: 171382 Locatien King's Park
)'!p ) ump it used? . ate Excavated : Ground Level : 87.1 mPD
Timbering Nil Date Backfilled : 2/4782 Co-ordinates : E 4238112 N19234.75
Depth Profile of Face C .
W:_tle_r {Sample Rf_ducfd D(en;:§h - C Description Grade
Conditions | ¢ 3o ct) evel l—— Width = 1.2 m —»]
B T ] Loose, dry, yellowish brown and i
_ greyish brown , silty fine to medium ]
R SAND with some angular gravel of ]
concrete and pieces of glass,
i plastic and other domestic rubbish
B \[Fill), Contains roots throughout. n
L Loose to medium dense,dry, brown, -
L 86.13 sandy SILT with some yellowish 4
s ) white sub-rounded cobbles and i
B gravel of moderately and highly _
- decomposed granite with fron- i
i stained edges. (Colluvium}. i
L Contains roots throughaut. Top J
i 100mm is greyish brown organic ]
U100 sandy SILT {0ld Top Soil). ]
R S -
L (1.6) Extremely weak ,dry,yellowish i
N brown and white highly 4
| decomposed GRANITE (very i
dense silty SANDI, with
[ occasional corestones of very 7]
B weak , highly to moderately ]
decomposed GRANITE and with
i relict joints. ]
- 84.7 .
- m -
R with -
- some 4
5 m/ -
= ¥
[ Dry to i
L 0m 83.1
. . Trial pit complete at 4.0m depth J
- . as instructed. .
— 4.5 — ~
- 150 4 —_—— — JE—
Legend : Remarks : Plan : . db
: ogged by :
e Small d . 1.2
3 L:r?;e J?;;‘J?::d s:m’;fe Large granite corestone BLLLU A_N. Chan
: . is exposed adjacent A N
1 Undisturbed sampie, vertical to F .
. : o Face D. Checked by :
m Undisturbed sample, horizontal
8 Block sample Squatter platform E D B8 A N. Lau
A. Water sam?:le adjacent to Face A. o
¥ Insitu density test Date : 18/3/82
m Moisture content c

Figure 8 - Trial Pit Log (Example 2)
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Project : Slope Datum (toe) Datum (crest) Strip No. :
Remedial Works Co-ordinates : Co-ordinates : S4
Location : E 33 320.12 E 33 331.23 Slope No. : Slope at
Ap Lei Chau N 11.302.43 N 1130211 Ch. 4+95
Contractor :
A.N. Company Level : 6.0 mPD Level : 18.0 mPD Sheet 1 of 1
Date Started : Date Completed : Date Reinstated : Logged by : Checked by :
12.12.83 191283 26.12.83 A_N_Chan A.N. Lau
Distance Discontinuities
Reduced ..
from Slope Description P
Level Legend |Dip Direction| Nature of
Dat Angle and Sa ata )
qu)m 8 {mPD) nd Sample D /Dip Infilling
14 15.0 Drainage channel [300 x 250mm )
13 Natural slope covered with small trees
and grass with colluvium below.
i Boulder of strong to very strong, dry, dark ]
- 12 0° greenish grey, slightly decomposed fine —
| ash TUFF, 600 mm in diameter. ]
SpY
Top of chunamed cut slope
— 10 14.6 -
. . . 3 ‘G
B Loose, dry, lLight yellowish brown, silty SANDA |~ ~ -]
_— with some sub-rounded boulders of highly ta ] ] O
moderately decomposed fine ash TUFF ~ TN
i ( Colluvium ). The bouiders are up to 300mm To - -
_— 55° in diameter and their proportion decreases —{ =~ - ~
| in an upward direction on the slope. 1o
—12.4 S
L 7 Extremely weak, dry, light yellowish brown, ) ]
highly decomposed fine ash TUFF {very < &
i dense, slightly gravelly sandy SILT/CLAY). "‘f"“"\l,,
— 6 11.3 ]
i Moderately strong, dry, dark yellowish brown, | 3
moderately decomposed fine ash TUFF with T Grade
— 5 very closely-spaced, persistent [over 15m)—__ i
| L _10.0 rough and planar, tight and dry joints
dipping 10° - 20°. Very weak highly
— &4 decomposed material exists adjacent to
: some joints . -
- 3 62° j —
Very strong, dry, dark greenish grey, 234/,
i slightly decomposed fine ash TUFF. ) 215/67, Surface
— 2 Joints are medium-spaced, persistent, - 230/56, staining
rough and planar, tight and dry, with 302/15,
- . L 235/72
yellowish brown surface staining.
- 1 —
Base of the slope
- o 6.0 g =L $
Roadway
Remarks :
Legend : Sketch Plan : \ Sketch Section :
. Small disturbed sample Road 4 Natural slope
¢ Large disturbed sample - N 302 Drainage channel
&  Block sample z
T Insitu density test z Chunamed slope
m Moisture content test =z S4, Ch4+95
A Water sample -
J' Seepuge y Rock slope
i3 Photograph M Road

Figure 9 - Example of a Log

Sheet for Slope Surface Stripping
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Project: New Territories Trunk Road

Caisson No: 1 of Bridge 18

Location: North Tai Po to Lam Kam Road Diameter: 1.25 m
Method of Excavation: Hand-dug Co-ordinates: E 33791 N 34 902 Sheet 2 of 2
0.0 to 29.5m Ground Level: 49.03 mPD
Weathered |, Caisson Log Reduced ..
Mass P Level Discontinuities Finish| Tests
Zone | (M| 1 2 3 4 |{mPD) :
. The joints are medium- spaced, rough
and planar and dry. Some joints
Completely contain quartz veins. 2-3mm thick.
weathered A sub-vertical fault of less than
granodiorite 100 mm thick containing soft
cohesive soil is present.
18.0 31.03
The joints are closely to medium-
spaced, rough and planar and dry.
Some joints contain quartz veins,
1-3mm thick.
0
D
z
: [
Highly R
weathered ;5 Oround =
granodiorite | water w
level o
22 26.53 Z |H
- S
f@\\
24.5 24 U
. 5 24.53
The joints are closely to medium-
] spaced, rough and planar, very narrow
and dry, and contain extremely weak
highly decomposed rock. FI= 4.
Moderately | 26 4 : 22.83 T dominantly vertical
weathered e SRR\ joints are dominantly verticat or
grancdiorite k\\\\\ N sub-vertical, medium-spaced, rough
NN A and planar, extremely narrow and dry
with brown-stains. Occasional joints
contain extremely weok highly decomposed a-
SRR rock, 2-5mm thick. Some horizontal w
28 1= L . - z
28.4 20.63 jaints are widely-spaced. F1=3. o
Slightly ) The joints are medium to widely-spaced, %
weathered P rough and planar, tight and dry with = -{
granodiorite brown-stains. Occasional joints contain | 7 |1 ap
29.57] - extremely weak highly decomposed rock, Y
30 Base of Caisson 19.53 | 2-5mm thick. FI=z2. = {
Legend: Material grades Notes‘: Logged by :
- {1) Mixtures of Grades | A N.Chan
V. Completely decomposed ~—— Joint IV and V materials
. H : . present are shown
IV Highly decomposed g-m M'"""'“l'z'd. quartz vein using overlapping | Checked by :
q F1  Frocture index bols. A.N.Lau
m I  Moderately decomposed . st ..
l d H Schmidt hammer test {2) Discontinuity data
[ Jaor: grlgr':_trlzscrl‘ecompose at 0.9m clc are given separately. | Date :
——f—=  Fault AD  Air drill test 29-6-84

Contractor: A.N. Company
Date Started: 4-6- 84

Date Finished: 26- 6- 84

Figure

10 - Example of a Caisson Log
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4-leg derrick

Manila rope

L— Bolt

and clevis
Double sheave

Wireline

Water swivel

Wire drum hoist f ip
Cathead hoist Chucking rod
Controls Pressure hose
Transmission Swivel drill head
ransmissio .

i ] Variable
Retiz:teclx‘b:lemt i Feed pressure gauge displacement
slide base s : Hydraulic feed water pump
Drag skid ‘=‘| FEL F-Dritl cylinders
base spindle N Gafety foot
Drill —F —~Drill chuck clamp ]
platform

Tee Foot volve‘—Suction line
Couplin .
Dri\(/):ppliptge and strainer Fill
Orive shoe #li i . ]
O o Settling pit Soil derived
Cj [~ Flush type casing [ from
Insitu Rock
D O { D a D DWeathenng
N Fﬁr—ﬂr:—\ L NN e
Diamond casing shoe : Drill rod coupling
~—— Drill d
prillro Rock
~—— Core-barrel
Reamer —{}

Diamond bit

Note

Figure adopted from Acker Drill Co. Inc. data.

Figure 11 - Typical Configuration of a Rotary Drilling Rig
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Valves :
A

B
C
D

Air supply control
Foam pump speed control
Drilling supply fluid control
By - pass control

Rotary Air
swivel Air foam Air ir rggw i
head { pressure pressure compresso
/ gauge gauge
Drilling : i
. Mixing nozzle
rlg | l 9 l B
(7 = = T
| ] Foam Air/foam flushing fluid I
7V v/ — J(:Fetums J
cuttings &D Flow meter
Drill rods
T water and Drﬁ,\m
] r foam additive pump or
'[ {plus stobilizer)—y pneumatic
Core-barrel . A foam
Suction hose v injection
Borehole ———fi pump

200 litre drum

Figure 12 - Typical Arrangement of Air Foam Mixing and Flushing System
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Sinker bar
Dy
- Area ratio (%) =
Inside clearance (%} =
U Qutside clearance (%) =
-1—— Sliding hammer
Dy |
L D |
I L
Drive head
A
Vents to ball £
0gq valve assembly
—- Sampler head with 3
overdrive space
[~

-+ Sample tube 100mm g
diameter by 500mm '
length

Cutting shoe
(see detail |

2
-Dc

{100])
2
D¢

Ds - D¢
De {100}

Dw - DT
——— (100)
D

T

Sample tube

Cutting shoe

(a) U100 Sampling
Arrangement

(b) Detail of Cutting Shoe and
Detinition of Sampler Proportions

(1) The open-tube sampler may also be attached to drill rods and driven or pushed into
the ground by the drilling rig or SPT hammer.

(2) Two sample tubes may be coupled together to provide a longer sample or additional
overdrive space.

(3) The vents in the sampler head should have a minimum collective cross sectional area
of 500 mm? to allow free exit of air and water above the sample .

Notes :

(4) A core~catcher device {not shown) may also be included with the cutting shoe.

(5) Samplers smaller in diameter than the U100 are available which are of similar
design .

Figure 13 - General Purpose Open-tube Sampler
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Connection to

drill rods —\ﬂ

«——— Non - return valve with parts
having @ minimum cross sectional
area of 600mm? to aliow free exit
of water and air above sample

(,I,___ Screws attaching sample

tube to drive head

Thin-walled sampler tube, samples
commonly 75 to 100mm diameter
by 1m long

P A L L L A AR LS A L A R R LA LI A R LA ALA R R LA AL R LR LIRTLRRT R AR LR L au wna %

Figure 14 - Thin-walled Sampler
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)

l«—— Coupler to hollow drill rods

Piston rod screw clamp,
left hand thread

— Spring-loaded cone clamps

Sampler head —

N

T

—,

\

-—— Exit ports

Piston rod

Thin-walled sample tube, samples
commonly 75 or 100mm diameter
by 1m long

AP A AP A AT ¥ A AP o Sl A AT A DA G A

P Ak T AT AT AT AT AT AT T A A A O

Piston with rubber sealing ring
and vacuum release screw

Figure 15 - Thin-walled Stationary Piston Sampler
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N
Drill rod coupling ——— N
water flush duct ——— || ,
) 1
Bearing housing
: 4
\
i \
/\/
A
H K Inner tube, cores
\ i commonly 61 to
/ 79 mm diameter
‘ N1 by 1m long
|
\ | D Cuter tube
N
f~— Reaming shell

Extension tube

Core lifter case
Core lifter
Drill bit

Figure 16 - Example of a Double-tube Core-barrel (Craelius T2-101)
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Water flush duct

Quter tube

Holding tube

Split inner tubes,
cores commonly

52 to 102 mm diameter

by 1m long

S NN AN T A it gy e N VY,

Drill rod connection

Plug to blow out valve

Bearing housing

Blow out valye

Reaming shell

Core lifter
Adaptor

Drill bit

Figure 17 - Example of a Non-retractable Triple-tube

Core-barrel (Triefus HMLC)
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Sediment tube

Drill rod coupling ——%&> >

r Y

Flush duct

Swivel

Retractor spring

Mobile inner
tube head

%
Ty
%:3

Quter tube

Inner tube

Spring core -

catcher

Drill bit

vent

Liner, core 74mm
diameter by 1m long

Pt 4

~

Drill bit

A
|

\ /
o~
~_ Flush water

(a) Coring Soft Material
(Inner tube extended)

P

~ &

! Drill bit

!
N,
«L Flush water

(b) Coring Harder Material
(inner tube retracted )}

Inner barrel cutting shoe, 72mm internal
diameter {max. protrusion 50mm)

Figure 18 - Example of a Retractable Triple-tube Core-barrel (Mazier)
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VA

Twin plastic
tubes

= Filter

75 mm x 50 mm 0.D.

(a) Piezometer Tip

for Use in Borehole

Twin nylon-polythene
tubes , approx. 3mm 1.D.
Smm O.D.

Brass body

1§34y |

T s

11} 41}

Central stud

's

Rubber gasket

J«— Fine - pored high air
entry pressure stone,
100 mm long by
37 to 50 mm diameter

«————— Rubber gasket

Spanner flats ——

(b) Piezometer Tip for Use in Embankment

Note :

Figures based on BS 5930(BSIi,1981a) and Penman (1986).

Figure 20 - Typical Twin-tube Closed-hydraulic Piezometer Tips
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500 sg.
_150_, 200sq., 150
) e
Ground level

Lockable cast iron
v in urban area 50 max. 1 J .  hinged cover

Ground level mi HEAZE R — [ TR
—%_In rural area = < g ot I \ - Cast iron box
g oy | __|
sl X T \—f-——Protective cap with vent hole
| B . e
T e -,=1— Concrete
Drain conduit laid to v
nominal 1:50 fall to <’{ b*d——— 1:1 cement-bentonite

daylight face

I/
f/
A1
- -7« e grout or concrete plug
& / 4 Standpipe
E ]
(=]
a / 6 Bentonite seal
-4 4
E Sand filter
o
[=]
7]
Q| -~
=l v
IR - °
N2
[=]
ol >
2ls Piezometer tip
gl =
ol g
|2 T i
€
E
Q
[=]
2]

Bentonite seal

le
[

NN

‘, ,’Zj—h‘l cement - bentonite grout

Bottom 'of hole 2,774

Notes : (1) Scale is diagrammatic.
(2) All dimensions are in millimetres.

Figure 21 - Typical Installation Details of a Piezometer in a Borehole




272

Project: Slope Remedial Works  Piezometers: P! & P2

Location : Royol Qbservatory Co-ordinates :
E 831900 N 818130
150 Ground level, 149.3mPD Top of standpipes P1 & P2 149.5mPD
T 0
1.8 .42
Installed
16611 27483 4
 1spd P Dry , le
D ———————— —
O 142F : {8 E
" ‘
g 140_MM-10 ;g-
E w
= o
1381 112
136
114
P2
134 16
132 1 1 i 1 |
April May June July August
_ 1983
250F
Raingauge : RO1
200 Distance from site : 0-1 km
E
E
— 150
2
[
‘g
x
100
50
0
Legend:

—o—o—o— OQbserved piezometric response
Piezometer tip level

Figure 22 - Example of Piezometer Record
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Rigid plug.
25¢ by 40 approx.

. Strengthened
Non -slip tying lugs
bowline knots
Auxiliary
draingge hole—=) 0
Nylon
fishing line . G——Intake hole =0
l«———Halcrow bucket. é
: British patent 5
s No. 153887 : |
# (See detail) g Plastic float for easy
: visual observation of
< water level in bucket—”.\ﬂ/
5
}«~——6 number lead FRONT VIEW SIDE VIEW
weights (min.
i 0 10 20
total weight 100g) mm
Scale
Figure 8 knot
(a) Assembled Bucket String (b) Bucket Detail

Notes: (1) Scale is diagrammatic.
(2) Assembled bucket string must fit into a 19mm internal
diameter standpipe without sticking.

Figure 23 - Piezometer Buckets (British Patent No. 1538487)
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Piezometer Buckets Record

Piezometer No. : P1 Design (Critical) Depth of Critical
Water Level : water Level below
) Top of Standpipe :
Location : Royal Observatory
Number : 5 145.5 mPD 4.0 m
De : 2.5m - 55m
Buckets : 5 Th.n - 0.75m
pacing - - Level of Top of Standpipe :  149.5mPD
Date installed : 274183
Tip Level : Ground Level : X .
Depth of Tip below Top of Standpipe : 6.4m
143.1mPD 149.3mPD
Measured | Buckeis Found G.W.L.
G.W.L. | to Contain Water Depth¥* Recorded
Date Depth* Indicated Comments / Weather b
ept by Buckets y
{m) 112131465 (m)
12.5.83 Dry > 5.5 Sunny HYC
20.6.83 5.9 vi 48-55 Fine WPF
11.7.83 6.2 > 55 Sunny HYC
2.8.83 5.5 VIiv]yY 3.3 -4.0 Cioudy HYC
14.8.83 4.6 v |V 4.0 - 4.8 Cloudy CKC
After storm / fine today
30.8.83 3.8 VIVIVIVYY <25 Exceeds critical depth HYC
Legend : Bucket No. : " 2 3 4 5
* Depth measured from top of
standpipe Depth® (m) 2.50{ 3.25 | 4.00 | 4.75 | 5.50

Figure 24 - Example of Piezometer Bucket Data
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an
o

|

~———— Connection to BW
or larger drill rods

ook 77
~
R

FrE T

1 ] \
[  {<—— Coupling
% ]
% "
o A V]
L ] /]
|| O [J=—— & no. 13¢ vents
g %
/I
—-
- |7 N
N
N N
N X
N N split barrel
N N
o~ §\ &
S| N_,N
A nd
N
\
N
N
N
\
N
j—- _ %
©o /]
= (f— Driving shoe
. ]
o]
1_6;ii 35|
Notes (1) Figure based an BS 1377 (BSI, 1975b ).

(2} A slightly enlarged inner diameter of the split barrel is permitted, provided
removable liners are always used which have an inside diameter of 35mm.

(3) A ball valve in the base of the coupling as shown in ASTM (1985a) is also
permitted.

{4 ) All dimensions are in millimetres.

Figure 25 - Split Barrel Sampler for Standard Penetration Test
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Torque measuring
instrument

_______ Y,
"""" N
Sleeve (packed
with grease}—=j [
{ |
| [
T
[ J~———Extension rods
~f1- ﬁ]
Rod and pipe coupler [‘:3
| Intermediate m -
steady bearing "
LN
ty
<——Borehole casing EE
N N
Bl i
> S
% % <::% X1
N
2 N AR | D
- . 1] | |
Extension p|pe——>u
" SECTION
vane protecting shoe—= |
_ Wt Bottom steady bearing _
= o 7
s E| |j=————Vane rod =
G I in sleeve—— 0 & o
©2 £ T
x
S S
2 .
vane ————
VIEW FROM
BOTTOM
{(a) Borehole (b) Penetration {¢) Details
Vane Test Vane Test of Vane

Note : Figure based on BS 1377 (BSI, 1975b).

Figure 26 - Vane Shear Devices
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Hollow drill rods or GI pipe
with watertight couplings
{or standpipe piezometer)

Ground level
y

//W§

T The water level inside the
casing to be maintained at
the same level as the

— ground water

Ground water level
v
-

||

[~——— Borehole casing

1200

—— Sand

S00 approx.

1800
l

f——— Bentonite seal (Attapulgite
may be used in saline water)

I NNNNNNNNN NN NN G55 AR R0
2% NNANNNNNANNNNNNN SRR

Sand —

Graded filter material ————

Base of standpipe perforated
with 3mm diameter holes

(rings of holes to be at 15c/c,
12 number holes per ring)
wrapped in filter fabric

900
Response zone

Screw -on cap

o]
150
—

100-150 diameter borehole

Notes : (1) Scale is diagrammatic.
{2) All dimensions are in millimetres .

Figure 27 - Typical Arrangement for Field Permeability Test
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Casing

A\

Fz 27L
loge [{2L/D)+/ {1+ ({2L)2/D)}
(a) Soil Flush with Bottom (b} Soil Flush with Bottom ({c) well Point or Hole

at Impervious in Uniform Soil Extended at
Boundary Impervious Boundary

F=2D F=2.75D

NN

casing

N

Soil in
L casing

Fz 27L F=__20 F= 2.750
logl{L/D)+J(1+(L/D}?)] 1+(8/7){L/D} 1+(11/7){L/D)

(d) well Point or Hole (e) Soil in Casing with (f) Scil in Casing with
Extended in Uniform Bottom at Impervious Bottom in Uniform
Soil Boundary Soil

Notes : (1] Expressions come from Hvorslev (1951}; figure based on BS 5930 [BSI, 1981a}.

{2) Values are primarily for tests carried out through the open ends of bore-
holes. Case [d) may be used for tests carried out using piezometer tips,
but more accurate results will be obtained by using Figure 29 especially
for values of L/D>2.

{3) Cases (e) and (f) assume the permeability of the soil in the casing to
be the same as that below it. Where this is not so, see Hvorslev (1951},

{4) Cases {a) and (b} tend to measure the mean permeability of the soil;
(¢) and (d) the vertical permeability; (e} and (f) the horizontal
permeabilily. Where the horizontal permeability is much greater than the
vertical permeability, all tests will tend to measure the former .

Figure 28 - Intake Factors (F), in Borehole Permeability Tests
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a
E 4
o
1]
@)
g i
@
X
8
c i
1]
n
@
c
S i
kT
c
[
E
&) i
For cylindrical piezometers
2L L is the length i
D is the diameter
1 1 1 1
¢ 2 A 6 8 10
Length / Diameter Ratio of Piezometer {L/D)
Notes : (1) Graph comes from Brand & Premchitt {1980 ).

(2) Where a piezometer tip is surrounded by a granular filter material,
it is the dimensions of this filter which should be used to derive
values of F.

(3) Where L is large compared with D, the test will tend to measure
the horizontal permeability of the soil .

(4) Where the horizontal permeability of the soil is much greater
than the vertical , the test will measure the former, whatever
the relation between L and D.

(5) The intake factor may also be calculated from the expression
[Brand & Premchitt, 1980) : 2 il

" 10ge[12L/D +411+11.2L/D 1)

Figure 29 - Relationship between Dimensionless Intake Factor and
Length to Diameter Ratio of Piezometers
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Falling - head Permeability Test

FIELD DATA : Borehole __BH! __ pate 18.12. 86
Depth Drillhole D7 oObserver __A.N. Chan
Time | Time [(of Water| pg,-= h
on | Elapsed [below Top t 2
Clock of Casina| 191 -9¢) n Use only CLEAN water for test.
min sec| =dy g ° Has water been added during boring ?  ¥es/No
0 9.601m| 3.129m| 1.000
1 0] 9.854 2.876 | 0.919 Internai diameter of
casing = 127mm
2 o| 10.109 2.621 0.838 9 Fl-—l
3 0| 10.300 2.430 | 0.777 5 ' 3
Depth of casing = 1.07m v ].°L
4 0| 10484 2.246 0.718 above G.L. = ]
5 o] 10668 | 2.062 | 0.659 G.L. © -
N A L TR TR
6 0| 10.826 1.904 0.608
7 o| 10985 | 1.745 | o0.558 ——- 1=
Depth of water
8 0| 11.100 1.630 0.521 at tig‘: ofb‘es' 2
= 11.66 m below
9 0] 11.227 1.503 0.480 G.L. =
10 0| 11.366 1.364 0.435
15 0| 11.824 0.906 0.290 »m 1
w w
20 0| 12.065 0.665 0.212
Depth of casing
= 10.67m below <— Casing
10 GL —
0.9 4+ |1 T
0.8 | :
0.7 Depth of hole : |
0.6 = 129 m below | ' L=2.23m
5 T=12.0 min G.L. )
0. 1o
£21E oul [
. 037> —— > i B
-]
« o3f | =7
2
= 0.25¢ l{ \ Diameter of hole
B below casing.
02 | D= 140mm ———
0.15 | |
0.1 L 1 n

0 2 ¢ 6 8 1012 14 16 18 20 22
Time (min)
CALCULATIONS :
K=
where : A = 0;“1';'21 = 0.01539 m?

2.5 (based on case (d) in Figure 28)
12min x 60 = 720 sec

therefore : K = A = _0.01539 . gg 1078y
© FT = 2.5 x 720

-m -_n.lb

Figure 30 - Example of Results from Falling-head Permeability Test
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Field Data from Water Absorption Test

Borehole No. T3 Test No. 4
Date of test 24.11.75 Tested by A.N. Chan
Packer type [ delete as necessary ) | Tested Section from 19.81m to _22.86 m

W’POUMQ , _ Depth of Hole at Time of Test 33.84 m
Pneumatic / Details of Casing at Time of Test -
Packer pressure 276 kPa Gauge Height above Ground Level _ 1.32m
Depth to Centre of Test Section ( measured down line of borehole) 21.34m
Depth to Groundwater Level [ measured down line of borehole ) 21.34m
FIRST PERIOD Gauge pressure 124 kPa
Time {minutes)] O 5 10 15 Avefage
Fl
Flowmeter . o.w
Bipstieje reading {1 )| 2186 | 229.3 | 239.9 [ 250.7 ([/min)
Water take (1 ) 10.7 10.6 10.8 214
SECOND PERIOD Gauge pressure 248 kPa
Time {minutes)| 0 5 10 15 Average
Flow
FE!O“’l"."eter reading ( | )| 281.8 | 296.4 | 311.2 | 326.3 (t/min)
water take () 14.6 14.8 15.1 2.96
THIRD PERIOD Gauge pressure 372 kPa
Time ( minutes) 0 5 10 15 Average
FE lowlmelter reading | | ]| 255.9 | 276.6 | 297.5 | 318.5 ( [Fllo.w )
: . X . : . min
water take (1) 20.7 20.9 21.0 417
FOURTH PERIOD Gouge pressure 24B kPa
Time {minutes) 0 5 10 15 Average
Flow
Flowmeter . ,
Bipstict reading ( | }| 545 69.9 85.4 101.1 ((/min]
Water take (1 ) 15.4 15.5 15.7 3.10
FIFTH PERIOD Gauge pressure _ 124 kPa
Time ( minutes) 0 5 10 15 Average
Flow
FE l‘owm" eter reading | | )| 377.3 388.6 400.0 411.5 (1/min)
Water take ( ) 1.3 11.4 11.8 2.28

Figure 32 - Example of Packer (Water Absorption) Test Data
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Water Absorption Test

Borehole No.

T3 Test No. 4

Test Section from 15.81m_ o 22.86m

Date of Test 24.11.75 Depth of Hole at Time of Test 33.84 m
PGCE !'<er| Type (glelete as necessary} | pigmeter of Hole in Test Area 102 mm
Pneumg?iztj-l-l-:dfeu&e;LMeeheﬁiee# Dril!.hole Incl.inqtion from Horizontai 90*
Packer Pressure 276 kPa Casing Details -
Rock Type GRANITE GRADE [l
Flow Gauge Pressure | Friction Headloss | Total Head
d of in_ Basic | in Extra
Letgeg to' q Units : Head of Pipe Rods or (243 % 7.8
Tes ection Water Work Pipes +3+6-7-
3.05m (litres/min} | (kPa) {m) (m) {m) (m)
(1) (4) (5] (6) (71 (8) (9)
Vertical Depth 2.14 124 12.6 35.26
to ground-
water from 2.96 248 25.2 47.86
G. L. _21.34m (2) 4.17 372 37.8 g 60.46
.\S
Height of e"\
Pressure 3.10 249 25.2 47.86
Gauge above 2.28 124 12.6 35.26
G.L 132m_ (4
5
Ty
: Zt
E 3 e
8 ==
z, =
= =
1 =
//
0 10 20 30 L0 50 60
h {metres)
From graph G/ih = _3.4/54 Tested by | Calculated
L = ll%qq = 2.06 lugeon units by
where | = length of test section in metres A.N. Chan A.N. Chan
Note : If groundwater level unknown or below test section use depth to centre

of test section.

Figure 33 - Example of Packer (Water Absorption) Test Calculations
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Top body, connection
to drill rod or cable

Bleed
hole
Foam rubber pad Brass or
stainless steel leaves
Pins to guide leaves
Impressionable
Brass or stainless m;rmoplqshc
steel leaf with
foam rubber pad
on outer surface
Drillhole
. wall
impressionable
thermoplastic
fitm lnfé%toble
Central perforated ::emg:ane
metal tube
Central perforated (a) Deflated Position
metal tube,
approx. length 1.8m
inflatable
rubber membrane
Retraction rings
or springs
Bottom
body
‘ (b) Inflated Position
~—— Nose cap or
orientation instrument
Notes : {1) Scale is diagrammatic.

{2} The rubber membrane may be inflated either by water pumped down
through hollow drill rods or by compressed air {air line connected
to top body). The latter arrangement must be used when the device
ts suspended from a cable,

(3) Figure adopted from Triefus data sheet (Triefus Industries
(Australia) Pty Ltd).

Figure 34 - Impression Packer Device
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Impression Packer Survey - Discontinuity Log

Project :

Stage 2 Studies

Sheet 1 of 3

Location :

Slope no. 11SW-C/C207, Mt. Davis Road

Logged by : AN. Chan

Checked by : A.N. Lau

Drillhole No. : Orientation : Co-ordinates : E 830 610 N B14 942
SBH1 Vertical Ground Level : +127.65 mPD
Nature and orientation \
\ of discontinuties ot *\@
) (5 NP A o 1 o o
\\“\ \6‘? A . o® o S .,,\"o (.25 Q(\"\oc(ebé‘)oi\“\)
UM o e 0.t g ot A0St e co® Description
OFF A \FY a4 0T O et (ot g el s
6.001121.65 | x.\ " Extremely weak, dry, light brownish
red, inequigranular, completely
decomposed coarse ash TUFF
{Dense. sandy clayey SILT}
6.17 |121.48("
1 o 240 52 | 4 - 7 —
6.23 [121.42
v
v v
Strong fo very strong, dry, dark
v greenish grey mottied with black.
inequigranular, slightly decomposed
coarse ash TUFF
v Vv
6.6 1121.05
v
2 195 66 |S|1 - 7 - - Joint
vV \V
6.8 1120.85
v
vV Vv
6.95 | 120.70
\
2 250 78 {5]1 - 7 -_— - Jomnt
vV WV
7.2 1122.85
Y
Type Dip direction, Aperture Nature of Infilling Consistency of infilling Uneveness
0.Foult zone Dip 1.Wide (>200mm) 0.Clean Soil strength Rock strength (small-scale roughness
1.Fault ETprrllld in 2.Mod. wide (60-200mm) 1.Surface staining 1.Yery soft 6.Extremely weak  1.Rough stepped
2. Joint degrees 3.Mod. narrow{20-60mm) 2.Decomposed/ 2.50ft 7.Very weak 2.Smooth stepped
3.Cleavage &.Narrow {6-20mm) disintegrated rock 3. Firm 8. Weak 3.Slickenslided stepped
4.Schistosity S.Very narrow{2-6mm}  3.Granular soil 4.5tift 9.Moderately weak  &.Rough undulating
5. Shear plane 6.Ext. narrow(>0-2mm)  {.Cohesive soil 5.Very stift 10.Moderately strong 5.Smooth undulating
6.Fissure 7.Tight (zero)} S.Quartz or hard 11.Strang 6.Slickenslided undulating
7. Tension crack 6. Calcite 12.Yery strong 7.Rough planar
8. Foliation 7. Manganess 13.Extremely strong  8.Smooth planar
9.Bedding 8. Kaolin 9 Slickenslided planar
9. Other-specify
Figure 35 - Impression Packer Survey and Discontinuity Log
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|'"= .« Upper anvil,
' 65 ¢ x 65

450

l«————— Guide rod, 20 ¢

h

13

45° chamfer

~—20¢

| | 10 kg sliding hammer
with handles,
[ 105 x 150

[
I Lower anvil ,
b 650 x 65

1000

le——— Extension rod,

45’ chamfer

Coupler

13

| |

/1.5' chamfer

13¢ {to be added -
as required)

B H

un
(o}

|
|
|
: ~—25 ¢
J

et —

| na— Coupler,

™ —— Point s
b see detail

see detail Xp——=

Notes :

(1)
(2}

(3)
(4)

All dimensions are in millimetres .

The hammer should be provided with a 22 mm diameter central hole. The
hammer should be drilled out as necessary so that its weight (including

handles ) is 10.0 2 0.1 kg.

The point should be sufficiently sharp that x £ 1.5mm.
Only straight extension rods should be utilised; rods deviating Smm or more
from a straight line at any point should not be used.

Figure 36 - GCO Probe
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GCO Probe Record

Site : Fill Slope along Slip Road No.1, Shatin Probe No. : P3
Job : Fill Slope Investigation Date : 16/3/83 Level 5077 mPD
Contractor : A.N. Company Co-ordinates
Logged by . A.N. Chan E 836 600 N 825 100
- E - E . E Blows /100mm
£ £ € o
= 8 - 8 - B 0 10 20 30 40 50 0 10 20 30 40 50
c = c - o 0 5.0
a w 5 a w 3
o z o = o 2 4
o o o e o o 3
o o] m o
0 57 35 7013 0.5 5.5
3 19 3 S
6 40 5 \ [y
10 27 4 =l 1
13 17 2 ™
0.5 5 40 ° 7.5 . 1.0 5.0 ]
7 6 5 ] 4
7 7 7 Y, 4
) 15 30 g = >
40 13 14 15 6.5
10 45H4  sop 7
25 3 10
15 1 11
11 2 14 \\
12 1 11 2.0 >4 7.0
1504 5.0+ 85 v ]
7 9 24 .
12 5 10 =
12 1 19 ; {
20 6 54 = 25 7.5
20 55(] 903 2 u \
10 3 o 7 \w
9 12 - e
5 v 3.0 8.0
19 34 . . C
253 6.0¢ 8.5 I
340 18 N \
25 13 =1 y
17 30 (
12 10 3.5 - 8.5
30H3 654 10,0 ‘ LN
11 4 <] Base of fill
20 3 P ]
4.0 - Q.0
3571 g79L5) g5 %
4.5 9.5
5.0 10.0

Figure 37 - GCO Probe Record
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AR

i,

VY v

2
T T Ty —

?/-////I‘&'\"’/I[/'//I-Iﬂ'z’lllll-—-—-___

(a) Electrical
Friction Cone

Cable

Adjustment
ring

Strain gauges

Friction sleeve

Strain gauges

Load cell

Cone .
{angle 60 )

Electric
cable

-

r

=— Adhesion
jacket

450 mm

Approx,

-

{b) Constricted-type (c) Constricted-type

Electrical Cone

Electrical
Friction Cone

Notes :

Mechanics Laboratory (1977).
{2) Scale is diagrammatic.
(3} All cones shown are 35.6mm diameter with 60" cone angle.

{1) (a)after BS5930 (BSI, 1981a), (b) & {(c) after Delft Soil

F‘igure 39 - Electrical Cone Penetrometers
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/— Adjustable crosshead

R=5mm

60°

Conical Platen Detail

0O
@) (O-4——— Locking pin
o Q . .
o > Conical platen (see detail)
3 Test specimen
; Scale
E Pressure gauge
Quick release valve

K Pump handie
=

-

Schematic Diagram of Point Load Tester

Hydraulic pump

Point Load Test Borehole No. S
. itor: T R . :
Project : z::‘rz‘;’{'?;;efao““k oad Test Machine: ELE PLT3 | Date Tested: 7/8/83
Location : North Tai Po to Lam Kam Read Ram Area: — Tested by . KYC
Test Gauge | . . . |Point
No. Rock Type Moisture| TYpe Sample| Platen . |pregsyre|FallurefEquivalent 2Corren::tu:m Load
or and Condition| and width,|Separation,| 4 Load,| Diameter,|P/De®) Factor, kndey,
Depth Description Direction] W D Failure | F De F 1si50)
(m) {mm) (mem) {MPa) | {kN) | (mm] |(MPa) (MPa)
P10 | very strong ,dry d dn - 83 - |226| 83 33| 126 | &
greenish grey to grey,
inequigranular, slightly| au - 83 - [236) 83 3.4 126 |43
decomposed , medium al | 83 79 - luze | 9137 [51] 131 |67
to coarse - grained
GRANODIORITE , with
reddish brown stains
from original joint
surfaces around the
edges.
(1} Moisture Condition Diametral ]: L> 050 Mean 15(50)
d-ai D
2 - Satorated M De’ = 0 Mean Is(50) 1| 6.7
n - natural moistyre
. . an [s(5 4.2
(2) Test Type and Direction Axial ]:6 03W<D<W Mean 15(501 7/
d - diametral D 2. la(50 1.6
d- diam A De? = 4WDIT (50}
L - irregular lump |...\_‘LI F=i(D 50 0.45
#/ - parallel to planes of weakness Irregular Lump ~L<_>\ _/<§_ L > 05D = {De/50)
1 - perpendicular to planes of weakness s R
- rundam'or unknown nrientu::on o_ ‘@ 03W<D<W la = 15(50) 4
- De2 = 4WD/T 15(50) //

Figure 40 -

Point Load Tester and Example Data
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Bench mark

R

Level supporting

Test pit or
caisson

frame with
windows
r a— —

: I
Constant head \ ! ! 3
of water for ‘I . M \
test — -

IS i '
\ : A

Test surface, hand
excavated and level

R

10 litre bottles
with calibrated
graduations

Stiff nylon
tubing supplying
water

?///&/
Outer steel ring,

600mm diameter

Inner steel ring,
300mm diameter

Figure 41 - Typical Arrangement for Double-ring Constant-head

Field Infiltration Test
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Proving ring

I
(!'?_ of symmetry

or load cell

Hydraulic jack

Locking keys —

\_5

NN

—@. «—— Subsidiary loading frame
- Reference
/- Settlement measurement beam
A v Main loading frame
-—
] @/:E‘ A J
H S \ 2 =
11 :
!
X &
a & Spreader IT AN ! !
h beams | ! :
‘0 : |
i1 | |~—— casing o
i i Concrete
I b Reference or blocks
I measuring
0 column
" gi
"’ LOIO ing j«—— Line of
M column tension piles
:: {
il
11
‘) |
—t——— oading plate (see detail]
( Loading column
Oﬁ

1
5

Y/ 910/

Details of Loading Plate

Measuring column
Centralising fins
Skirt

Loading plate
Bedding material

Note . Figure adopted from Brown {1981) and BS5930 { BSI, 1981a ).

Figure 43 - Typical Arrangement for Plate Load Test
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From site formation drawing no. Af30794, original
ground level before construction of fill platform
ond playground was approx. 88 mPO.

¢

u76, 100

Large disturbed sample

Undisturbed drive samples of 76 mm
or 100 mm dia. { blow count, depth]

Mazier sample

Barehole Ne Al
Project Project A Jab No. LTroL/1NM
Co-ardinates : E 4249774 N 19259.55 Sheet No. toof 2
Location Lam Tin
Ground Level: 91.6mPD Logged by : AN. Chan | Checked by : AN. Lau
Cantractor A. N. Company Orientation Vertical
Date of warks 22121086 to 24172/86
ol 2 Depth Sample
=~§|=— of
=8 Core- : Reduced
59 S¢c b:::et Casing Field Tests, Core Legend| Depth | *y o oy Description of Materials Grade
QE ug {Size) Samples and Rec. |RGD
2 mimmj| Instrumentatian %) | o) Fl tm1 | (mPO)
22/2 1140) > 50 i
Inspection pit Concrete slab, 100mm thick,
excavated to B
1.5 m depth. Loose, pinkish grey. angular COBBLES of o
medium to coarse-grained stightly o
1.0 decomposed granite with much coorse grovel, |
{Fitl) [
1.5 = 90.1 -
.E 1 75 2.0 Loose, reddish brown, silty/clayey, sandy |
}c: GRAVEL with occasional angular cobbles
and some roctiets
Rotary . { Fill) -
was N-o | W2 |
boring . 3.0 88.6
s i
N 3,95 i
x
° . 4.0 Medium dense, yellowish brown, silty SAND
Rotary v with occasional sub-angular gravel and
was N=13 I 4 R T cobbles of moderately to highly decomposed
boring * e coarse-grained granite. -
x.x [ Colluvium ) B
]
N 5 /106 -
L=}
32 I
. | 651 E
Ratary r
wash Ne2s |l B i
boring .
g Extremely weak, light reddish brown, -
5 7 100 completely decomposed coarse -grained "
-3 GRANITE [ Medium dense to dense, sandy |
SILT/ CLAY |. X
Py _Z_ -
Rotary
wash N=42 ‘ ] [
boring — -
= . x A -
% 70 —,‘— Moderately weak, yellowish brown |
§ 9 —=—] 8.0 inequigronular, moderately decomposed,
22]2 8.2 L x x coarse to medium-grained GRANITE with
- L] — 8.2 1 83.4 - sub-horizontal, closely-spaced. smooth und
23/2 {101} | Piezometer o+ o+ planar, tight, black-stained joints. -
Alle 76 | o] ++ i
Strong, pinkish grey. inequigranular, shightly
80 S +++] 90 decomposed coarse to medium - grained
- + s B2.8 < GRANITE with generally widely-spaced joints.
o~ Smooth ond plonar, tight, black-stained -
- + o+ o+ joint dipping at 70" at 9.1-9.3m. L
100 10| 2 .+ Sub-horizontel, smooth and pianar, tight, | I
brown-stained joints ot 9.5, 10.2 and 10.5m
100 ’ *+ 400 [ see Sheet 2 ).
Remarks : Legend Plant used : Longyear L34
® Small disturbed sample

Type of boring /drilling :
Rotary drilling
Flushing medium : Water

Diameter of boring/drilting:

D 000 - 8.20m 140mm
Morning / evening water Levei : I SPT liner sample 1?;8 :112?8: 1219::1
Date 22/2[22/2(23/2|23/2|2412|2412 ‘ Standerd penetrotion test N value; 12.10 - 18.10m 78mm
BH depth| - 82| 82| 13.2]13.2] 18.1 { blow count / penetratian} Casing tubes -
Casing - [sz2fez2| 121|121} 121 3 Permeobility test 0.00 - 820m  PW
8.20 -12.10m NW
Water - 30| 29 3.5] 78 7.6

Figure 44 - Example of a Borehole Log (sheet 1 of 2)
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Borehole No. A1l
Project Project A Job No LT/DL/ M
Co-ordinates : E 42.97.74 N 19259 55 Sheet No 2 ot 2
Location Lam Tin
Ground Level : 1.6 mPD Logged by ; AN. Chan | Checkad by : A.N. Lau
Contractor A. N. Company Orientation Vertical
Date of works 22/2786 to 26/2/86
" ;E Depth Sample
EX i - of Reduced
YD gg::el Casing Field Tests, Core Legend| Depth | ™ 0 Description of Materials Grade
‘:’E u-% (Size) Samples ond Rec. [RGD| r
& m mm)| Instrumentation | Yogy [y | 7! im) | tmPD]
T
0 50 A Shightly decomposed GRANITE (see Sheet 1 L
- 100 100] 29 + 4 tar details}. L 0
2 + 0+ 4 - :
' n 10.7 + 80.3 " Weak, yellowish brown, inequigranular, highly
50 o~ 67[ (U L B decomposed coarse-grained GRANITE from r
- x % x 10.7 - 11.0m -
. 0 - - Px x Nil recovery from 11.0 - 11.5m. -
11,5 |Blow/Penetracion = % x xbk 115 4 Smalt disturbed sample No. 10 contains dense, |~ E/X
rotary| 1881 | 100/ 150 mm ‘ l 10 L. pinkish brown, sandy SILT with some -
wash [ VX X184 relict granite texture [Highly to compietely -
bering x.x x}120 decomposed GRANITE ?).
121 (X X —
Nil — 1214 795 - -
10 + + Strong. Light pinkish grey. inequigranular, o
25 4 790 slightly decomposed, medium to coarse-grained [~
—:; 82 55 I M : ' GRANITE with sub-horizental, closely-spaced. [ I/
- + + Li12ad 788 - rough and pionar, tight, brown -stained joints
13.0 Moderateiy to highly decomposed rock recovered
23/2| 80 N L as angular gravel ot 12.5 - 12.8m. — 0
2412 13.2 4 78.4 +—
+ + Very strong, light pinkish grey, inequigranular, |-
100 70113 0s » o fresh, medium to coarse-grained GRANITE
with generally widely -spaced joints |
90 . A 14.0 Smooth and planar, tight, brown-stained joints
P dipping ot 40° at 13.3m and 14.8m I~
+ o+ |
001100 1 f, 4, . K
100 v [
+ o+ o+ 159 Closely-spaced, smooth and pianar, tight, -
5 brown -stained joints dipping at 40° at L
+ o+ 15.0 ~15.5m. |
E 100 85 P+ + +{ 1551 761 o
z L
- * 4 L !
100 + 4 o180 L
0 + o+ Nil joints at 15.5 - 17.1m B
100 | 100 e i
+ + |
100 + + #0170
— 171 4= 74.5 4 Sub-vertical, medium-spaced, smooth and
o unduldting, dark green jeints with 1 - 2mm B
Piezometer + + 4+ thick chlorite infill at 17.1 - 17.6m, u
Allb 100 75 4 Sub-horizontal, smooth and plenar, tight, -
ot white -stained joint coated with kaolin L
t 18,
100 + + +] 180 at 18.0m, L
2412 18.1 -+ 73.5 -
Borehole complete at 18.1m depth.
Remarks
Legend Plant used : Longyear L34
Piezometer A11b instailed at 17.3m depth below ground s Smali disturbed sampie -
surfoce with sand filter from 18.1m to 12 .1m, bentanite L gisturbed \ Type of boring / drilting .
seal from 12.1m 1o 8.2m, piezometer Alla instailed at urge disturbed somple Rotary drilling
7 depth bei d f th d filter f
5Sm dep Slow grounc surfdce with sand fter from U76.100 Undisturbed drive samples aof 76 mm

8.2m to 6.9m, bentonite seal from 6.9m to 45m and
cement-bentonite grout from 4.5m to ground surface.

Morning /evening water level

Date

BH depth

Casing

See Sheet 1

Water

or 100 mm dia

0
:
t
2

Mazier sample
S5PT liner sample

Standard penetration test N value
[ blow count / penetration |

Permeability test

{ blow count, depth)

Flushing medium

0.00 - 8.20m
8.20 -11.50m
11.50 -12.10m
12.10 - 18.10m

Casing tubes :
0.00 - 8.20m
8.20 - 12.10m

Water

Diameter of boring / drilling

140 mm
101 mm

89 mm
76 mm

Pw
NW

Figure 44 - Example of a Borehole Log (sheet 2 of 2)
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LIST OF PLATES

Drilling in Urban Areas of Hong Kong

Drilling in Steeply Sloping Ground

Ground Investigations over Water

Drilling and Sampling Equipment (three sheets)
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A.l GENERAL

A desk study involves the collection and review of information required for
the planning of the project and of the site investigation.

Sources of information are given in Appendix B.

A.2 MAPS, PLANS AND CHARTS

Topographic maps and plans are useful for studying the general features
of the site, and for identifying ground features of engineering significance, e.q.
slopes, retaining structures, streams, tunnels, burial grounds and obstructions
such as transmission lines and towers. They are also useful for the assessment
of the effect of the proposed works on adjacent properties and structures, and
for the identification of works areas, storage areas and access, including
temporary access for construction purposes.

For works to be carried out in a marine environment (e.g. seawalls and
piers), Admiralty charts and tide tables should also be referred to.

In some cases, old maps may be useful, e.g. to check the location and extent
of an old seawall or a buried stream course. Archaeological maps may also be
required to establish the boundaries of an archaeological site.

A.3 GROUND CONDITIONS

The following information should be referred to for apreliminary study of
the ground conditions :

(a) Aerial photographs. These are particularly useful for
studying the site history, past instability of the ground,
erosion, surface hydrology, vegetation, photolineaments
and other surface geological features, and for identifying
the presence of colluvium, alluvium, fill and boulders (see
Chapter 6).

{b) Geological maps and memoirs. These provide detailed
information on the geology of the district, and are useful
as a basis for evaluating the likely influence of the local
geology on the proposed works and in the selection of the
ground investigation methods.

{c) Past site investigation records. These should be studied
and useful information extracted. Availability of good site
investigation records in the vicinity of the site will greatly
assist the planning of the ground investigation, and may
reduce the scope and extent of the investigation required.

A.4 METEOROLOGICAL AND HYDROLOGICAL INFORMATION

Local rainfall records should be collected where the proposed works
require slope and drainage design. Hydrological information, where available, is
useful in drainage studies, including the assessment of flooding risk and the
influence of the proposed works on the local and downstream drainage regimes.
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In the design of temperature-sensitive structures, or where the per-
formance of the construction materials can be affected by temperature, data on

ambient temperatures (including air and ground temperatures) and solar
radiation should be referred to.

A.5 PAST RECORDS

Past construction records, for both the site and for adjacent properties,
should be obtained where appropriate, to provide information on the following :

(a) Site formation works such as construction of slopes,
retaining structures and basements.

(b) Foundation works such as piling.

(¢) Details of preventive or remedial works and of any
continuing monitoring of, for example, ground anchor
installations, horizontal drain installations, building
settlements, and slope and retaining wall movements. -

(d) Tunnels and disused tunnels, including details of linings
and ground support.

Records of past failure, flooding and settlement of ground and structures
should also be noted and studied where necessary.

A.6 SERVICES AND UTILITIES

Details and locations of existing services and utilities, including
stormwater drains, sewers, fresh and salt water mains, fire fighting mains,

electrical cables, gas mains and telephone ducts, should be referred to for the
following purposes :

(a) Assessment of the effect of the proposed works (including
ground investigation works) on the existing services and
utilities, e.g. the effect of dewatering settlement on an old
water main or gas main.

(b) Provision of services and utilities for the project, e.g.
provision of cooling water for the air-conditioning system.

(c) Provision of temporary electricity and water supplies for
the ground investigation.

A.7 LEASE AND ENGINEERING CONDITIONS

Except where an investigation is being planned for asite that has not been
allocated to the project (e.g. an investigation that is for the purpose of
selecting sites or establishing the suitability of a site), there should be available
a set of lease conditions or engineering conditions, depending on whether the
proposed project is to be undertaken privately or by Government. It is
essential that these conditions are studied thoroughly during the desk study or
as soon as they become available.
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Engineering conditions are issued by the appropriate District Lands Office
of the Lands Department, and lease conditions are normally issued by the
Registrar General/Land Officer. These conditions govern the use of the site.
They also set down the requirements and restrictions on development, and
define the responsibilities of the related parties and authorities. The following
items are normally covered :

(a) Requirements. These normally include:

(i) formation and landscaping,
(ii) layout of the site,

(iii) access,

(iv) possession of the site.

(b) Restrictions. Examples of common items covered are :

(i) non-building areas,

(ii) height of structures,

(iii) removal of trees,

(iv) dumping on Government land and public
roads,

(v) drainage reserves,

(vi) pile driving,

(vii) blasting,
(viii) use of water supply,
(ix) establishment of rock crushing plants.

(¢) Responsibilities. The conditions normally cover responsi-
bilities for :

(i) maintaining both the stability of the land
and its surface condition, within, and
where appropriate, adjacent to the site,

(ii) interference with or damage to roads,
services, drains, channels, etc,

(iiD) water supply,

(iv) connections to sewers and stormwater
drains,

(v) drainage.

The following local statutes may be mentioned in the lease conditions :

(a) The Buildings Ordinance and its subsidiary Regulations
(Government of Hong Kong, 1985}, governing the safety
and the design and construction standards of buildings to
be erected, and the planning and administrative
procedures to be followed. This Ordinance also governs
site investigation work within the Mid-levels Scheduled
Area. . :

(b) The Fire Services Ordinance (Government of Hong Kong,
1981a), governing the provision of fire services,
installations and equipment, and the provision of access
for fire services, appliances and personnel.

(¢) The Waterworks Ordinance (Government of Hong Kong,
1974), governing the supply of fresh water and salt water,
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and the standards of plumbing, installations and
equipment.

(d) The Dangerous Goods Ordinance (Government of Hong
Kong, 1983), governing the storage, transportation and use
of dangerous goods.

In some cases, special clauses may also be present in the lease conditions.
For example, a geotechnical clause may be used to indicate that a site is
considered to be geotechnically difficult to develop, hence forewarning a
developer that a high degree of skilled geotechnical engineering input will be
required.

A.8 PLANNING A GROUND INVESTIGATION

In planning a ground investigation, the effect of the proposed works on
the ground, on adjacent properties and structures and on existing services and
utilities, should be thoroughly examined. For example, the effect of flushing
water from drilling on existing slopes and retaining walls should be considered.

Requirements and restrictions imposed by local statutes should be studied
and observed in the planning and execution of the investigation. For example,
the Summary Offences Ordinance (Government of Hong Kong, 1981b) restricts
the use of powered mechanical equipment between 7 p.m. and 7 a.m., and on any
public holiday, including Sundays. This Ordinance also controls the general
level of noise at night, i.e. from 11 p.m. to 6 a.m., even if powered mechanical
equipment is not being used. Statutes governing safety, health and welfare of
workmen are given in Appendix E.

Land matters should be dealt with well in advance of the required date of
commencement of investigations. For this purpose, the appropriate District
Lands Office of the Lands Department, and, where appropriate, the relevant
District Office, should be consulted, so as to arrange for unhindered access for
transporting equipment to site, and to enable work to be carried out on site.
The land matters should include :

{a) confirmation of land ownership and lot boundaries,

(b) permission to enter into and to transport equipment
through adjacent land,

(c) permission tocarry out ground investigation work outside
the site boundaries,

{d) allocation of any necessary works areas and storage areas,

1t is important that the exact locations of site boundaries of private and
Government land, and of allocated works areas and storage areas, should be
ascertained from the appropriate District Lands Office. The appropriate District
Survey Office of the same Department may also have to be consulted for
information on delineation of the ground, especially in the New Territories where
land demarcation has not been carried out to a high standard in the past.

The District Lands Office should also be consulted on matters relating to
‘fung shui’ and burial grounds.
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Where trees need to be felled or removed, prior permission should be
obtained from the appropriate District Lands Office, who will consult the
Agriculture & Fisheries Department, Urban Services Department or Regional
Services Department, as appropriate. Whenever possible, permission should be
sought twelve months in advance, so that the root system of any tree suitable
for transplanting may be prepared for the move.

The approval of the Buildings Ordinance Office, must be obtained for site
investigation work that falls within the Mid-levels Scheduled Area. Plans
showing the boundary of the Mid-levels Scheduled Area may be viewed in the
Buildings Ordinance Office and the Geotechnical Engineering 0ffice. Pumping
test proposals for private developments must also be submitted to the Buildings
Ordinance Office for approval.

Information on the as-built alignment of the Mass Transit Railway and its
"protection boundary" may be obtained from the Mass Transit Railway
Corporation, whose advice must be sought where the proposed ground
investigation work falls within the protection boundary.

If it is necessary to excavate public roads, road excavation permits must
be obtained from the Utilities Section of the Highways Department. Where the
proposed ground investigation work may disrupt the use of public footpaths,
streets or roads, including high speed roads, the Highways Department should
be consulted.

In cases where it is necessary to discharge effluents into public drains or
sewers, permission must first be obtained from the Drainage Services
Department. The Environmental Protection Department must also be consulted
where toxic effluents are involved.

If it is intended to use explosives, for example in a seismic survey, the
prior permission of the Commissioner of Mines at the Civil Engineering
Department must be obtained.

In the case of marine investigations, the Marine Department must be
notified of the details of the proposals, so that notices to mariners can be
issued. Special restrictions may be imposed by Director of Marine where works
is to be carried out in close proximity to fairways, channels, typhoon shelter
entrances, terminals and piers. There may be circumstances where contractors
vessels will need to provide mooring arrangements outside typhoon shelters for
their wvessels during the passage of typhoons. Where investigations are
proposed close to the runway of Kai Tak Airport, permission must first be
obtained from the Civil Aviation Department. Similarly, permission must be
obtained from the Mass Transit Railway Corporation, the Cross Harbour Tunnel
Co. Ltd, the Water Supplies Department, or the various public utility companies,
if investigations are proposed near submerged tunnels, pipelines or utilities.

Where the proposed ground investigation works fall within a gazetted
historical site, permission must be obtained from the Antiquities & Monuments
Office of the Government Secretariat before commencement of any work. The
Antiquities & Monuments Office should alsc be consulted before any historical
site is entered, even if it is not gazetted.
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B.1 MAPS,PLANS AND AERIAL PHOTOGRAPHS
B.1.1 Maps and Plans Produced by the Survey & Mapping Office

The Survey & Mapping Office of the Lands Department provides basic
large-scale plans, derived medium-scale plans, approved town plans, and
topographic maps of Hong Kong. A list of the currently available plans and
maps, and their coverage, is given in Table 1.

Services offered by the Survey & Mapping Office include the supply of
negative or photographic copies of available maps and plans, as well as
producing enlargements and reductions. These services are available from the
Office's Map & Plan Sales outlets, together with map catalogues, and leaflets on
the services offered and on copyright. Orders for enlargements and other
nonstandard items should be placed well in advance, to allow time for production
and delivery.

B.1.2 Other Maps
Other map sources include the following :

{(a) Early maps of Hong Kong are held for reference by the
Survey & Mapping Office and the Public Records Office.

(b) The Antiquities & Monuments Office of the Culture Division,
Municipal Services Branch holds a series of large-scale
archaeological maps covering the whole of Hong Kong,
which include historical buildings and boundaries of
archaeological sites. The maps are not available to
members of the public, but they can be examined by
authorized personnel in connection with Government
projects.

(c) The Hong Kong Archaeological Society holds selected maps.

B.1.3 Aerial Photographs

Aerial photographs may be purchased from the Survey & Mapping Office's
Map & Plan Sales outlets. Services include the supply of vertical and oblique
aerial photographs as contact, whole or partial-frame enlargement prints.
Indexes and contact prints of aerial photographs may be inspected only at the
Map and Plan Sales (Hong Kong) outlet. Once the reference numbers of the
required photographs have been obtained, orders may be placed at either the
Hong Kong or Kowloon outlets.

The availability of black and white wvertical aerial photography is
summarised in Table 2. Aerial photography exists for some parts of the
Territory back to1924 and full coverage is available from 1963 onwards.

B.2 GEOLOGICAL MAPS AND MEMOIRS

A new geological survey of Hong Kong is being carried out by the
Geotechnical Engineering Office of the Civil Engineering Department. The
survey began in 1982 and, when completed in 1991, will comprise a series of
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fifteen maps and six memoirs, providing detailed descriptive and 1:20 000 scale
map coverage of the entire land and sea area of the Territory. The coverage,
relationship and phasing of the maps and memoirs are shown in Figure 3. The
new publication series will replace the current reference geological document,
namely the 1:50 000 scale maps and memoir by Allen & Stephens (1971). Both the
new and existing maps and memoirs can be obtained from the Government
Publications Centre, or from the Map & Plan Sales outlets of the Survey &
Mapping Office.

. The Planning Division of the Geotechnical Engineering Office is the
repository for geological records. These include the field observations
embodied in the geological maps and memoirs, manuscript geological maps at
1:10 000 scale, and offshore data. Requests for information should be directed
to the Chief Geotechnical Engineer of the Planning Division. The Geotechnical
Engineering Office also holds a collection of representative rock types and thin
sections. These are available for inspection by arrangement. The superficial
deposits, weathering, stratigraphy, tectonic history, structure and
metamorphism of Hong Kong have been reviewed by Bennett (1984a, 1984b,
1984c). A summary of the nature and occurrence of Hong Kong rocks and
superficial deposits is given in Appendix A of Geoguide 3 (GCO, 1988).

B.3 ADMIRALTY CHARTS, TIDE TABLES AND NOTICES ON SHIPPING

MOVEMENTS

Admiralty charts may be obtained from the accredited agent in Hong Kong,
namely George Falconer Ltd (see Section B.9}. Tide tables are readily available
in Hong Kong at the Government Publications Centre and selected bookshops.

The Marine Department issues notices to mariners regularly concerning
ship movements and harbour obstructions.
B.4 METEOROLOGICAL AND SEISMOLOGICAL INFORMATION

The Royal Observatory collects and publishes meteorological information in
Hong Kong. Daily weather reports and forecasts are issued together with
individual tropical cyclone, thunderstorm, landslip and flood warnings. Rainfall
records are published monthly and annually, and a list of publications on
meteorological statistics is available from the Observatory.

The Royal Observatory also maintains a well-equipped seismological unit,
from which local information may be obtained.
B.5 HYDROLOGICAL INFORMATION

The Water Supplies Department has a comprehensive system of stream
gauging in the main catchment areas, and this information is published in annual
reports on rainfall and runoff.
B.6 PAST RECORDS

B.6.1 Records from Previous Investigations

The Geotechnical Information Unit of the Geotechnical Engineering 0Office
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holds reports of previous site investigations, which often include borehole logs
and results from laboratory testing of soils and rocks. Reports are referenced
by means of a simple map grid system.

The Geotechnical Information Unit also contains a large amount of other
information of direct relevance to site investigation, and this is described in
Section B.8.1.

B.6.2 Design and Construction Records

Several Government Departments possess information that is of value to
the planning and execution of site investigation in Hong Kong, but this is often
not readily accessible. However, arrangements can usually be made for specific
information to be made available to bona fide users.

Each Government Department retains its own files on projects that are
carried out under its control. Copies of design reports and record drawings of
completed projects are also kept. A brief summary of information possessed by
some of the Government Departments is given below.

The Architectural Services Department maintains records of Government
buildings.

The Buildings Ordinance Office of the Buildings Department retains
records of private developments for about seven years following their
completion, after which time the files are transferred to the Public Records
Office. Permission to view a particular set of records may be obtained from the
Buildings Ordinance Office, who will require to know the address of the
property and the lot number.

The Civil Engineering Office of the Civil Engineering Department maintains
records of all known waste tips in Hong Kong. The Geotechnical Engineering
office of the same Department holds records of all known disused tunnels and
quarries, and maintains records of all known retaining walls and man-made
slopes, and some natural slopes.

The Highways Department holds records of the majority of public roads
and road tunnels.

The Mines and Quarries Division of the Civil Engineering Department
maintains records of all known disused mines.

The Water Supplies Department holds records of water tunnels, catch-
waters, reservoirs and ancillary structures.

B.6.3 Other Public Records

The Public Records 0Office of Hong Kong is the central repository for the
permanent archives of the Hong Kong Government. The majority of its holdings
date from 1945, but it does have some much earlier material. It maintains
catalogued collections of maps and photographs dating from 1860, together with
almost complete collections of the Hong Kong Government Gazette, Blue Books,
Sessional Papers, Annual Departmental Reports, Ordinances and Regulations, and
Hong Kong Hansard. The Sessional Papers are of particular interest because,
from 1889, they include the Annual Reports of the Director of Public Works,
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which give information on failures and remedial works. Also of great
value is the comprehensive newspaper collection held by the Public
Records COffice.

The Government Secretariat Library contains information that
could be useful from an historical point of view. This includes
Sessional Papers, Administrative Reports, Statistical Abstracts and
Legislative Council Minutes. The Photographic Library and Reference
Library of the Information Services Department holds sets of old
photographs, microfilm of newspaper cuttings and other useful
material.

A list of gazetted historical sites is maintained by the
Antiquities & Monuments Office of the Government Secretariat.

B.7 SERVICES AND UTILITIES

Information on gas, electricity, telephone, and similar
services, including both the 1locations and details of existing
facilities and the provision of further services, should be sought
from the private companies supplying these services. The addresses of
the major utility companies are listed in Section B.9.

Information on the location of water supply mains (including private
cooling water mains), public draing and sewers may be sought from the
relevant Government Department. The Water Supplies Department holds
records of public water mains, and applications for water supply should
be directed to the Department's Consumer Services Division. The Drainage
Services Department maintains ag-built records of public drains and
sewers.

B.8 LOCAL LIBRARIES
B.8.1 The Geotechnical Information Unit of the Civil Engineering Library

The Geotechnical Information Unit forms part of the Civil
Engineering Library, which is operated by the Geotechnical Engineering
Office of the Civil Engineering Department. In addition to records from
previous site investigations, the Geotechnical Information Unit contains
records of landslides, rainfall and piezometric data, Geotechnical Area
Studies Programme maps, a catalogue and records of existing cut, fill and
natural slopes and retaining walls, and factual reports and drawings
prepared by Government Departments and Consulting Engineers for a wide
range of large and small building and civil engineering projects. Notable
examples of the latter are the various Landslide Studies Reports and the
Mid-levels Study Report, which were commissioned by the Government. It
also contains a large collection of published and unpublished documents
specific to Hong Kong (including references on site investigation),
together with geotechnical and geological textbooks and journals.

Almost 1500 items are known to have been published specifically on
aspects of the geology and geotechnical engineering of Hong Kong.
These are listed in the Bibliography on the Geology and Geotechnical
Engineering of Hong Kong to May 1994 (Brand, 1994) produced by the
Geotechnical Engineering Office. A full copy of every 'short' publication
listed is kept in the Geotechnical Information Unit, together with copies
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of the title and contents pages of the 'long' publications. These copies
are contained in bound wvolumes by year of publication and then in
alphabetical order by authors' surnames. Full copies of some of the 'long'
publications are also available in the Geotechnical Information Unit, but
these are shelved separately. Copies of new publications are added to the
collection as they become available.

All the information in the Geotechnical Information Unit may be
consulted by bona fide users. Photocopying facilities are available.

B.8.2 OQOther Libraries

The City Hall Public Library and the Kowloon Central Library each
houses a reference section which contains a number of published documents
on the geology and geotechnical engineering of Hong Kong, together with
some unpublished reports. They also house Hong Kong Collections of
considerable interest. No direct access is permitted to the shelved
items, and items required for examination must first be located in the
card catalogue systems. Photocopying facilities are available for public
use.

The University of Hong Kong, the Chinese University of Hong Kong and
the Hong Kong Polytechnic University each has a large library which
contains a collection of general geological and geotechnical information.
All three, however, can only be accessed by special permission, although
this is usually not difficult for bona fide wvisitors to obtain. The
University of Hong Kong maintains an outstanding Hong Kong Collection,
which contains considerable unpublished information, as well as a large
number of master and doctoral degree theses on geological and geotechnical
topics. Photocopying facilities are available in the library.

B.9 ADDRESSES OF LOCAL ORGANIZATIONS

Agriculture & Fisheries Antiquities & Monument Offices,
Department, 136 Nathan Road,

3rd, 6th,8th,11th-14th Floors, Tsim Sha Tsui, Kowloon.

Canton Road Government Offices, (Tel.: 2721 2326}

393 Canton Road, Kowloon.
(Tel.: 2733 2211)

Architectural Services British Forces Hong Kong,
Department, HMS Tamar,

35th Floor, Hong Kong.

Queensway Government Offices, (Tel.: 2588 3111)

66 Queensway, Hong Kong.
{(Tel.: 2867 3628)

Buildings Department, China Light & Power Co. Ltd.,
12th-18th Floors, 147 Argyle Street,

Pioneer Centre, Kowloon.

750 Nathan Road, Kowloon. (Tel.: 2678 8111)

(Tel.: 2626 1616)



Chinese University of Hong Kong

Library,
12% Milestone, Tali Po Road,
Sha Tin, New Territories.

{Tel.: 2609 7301)

City University of Hong Kong,
Run Run Shaw Library,

Tat Chee Avenue,

Kowloon.

(Tel.: 2788 8311)

civil Engineering Office,
15th Floor,

Civil Engineering Building,
101 Princess Margaret Road,
Homantin, Kowloon.

{Tel.: 2762 5111)

Drainage Services Department,
43rd Floor, Revenue Tower,

5 Gloucester Road,

Wan ¢Chai, Hong Kong.

(Tel.: 2877 0660)

George Falconer (Nautical) Ltd.,
178-180 Queen’s Road Central,
Hong Kong Jewellery Building,
Hong Kong. '
(Tel.: 2854 2882)

Geotechnical Information Unit,
Civil Engineering Library.
LG1l,Civil Engineering Building,
101 Princess Margaret Road,
Homantin, Kowloon.

(Tel.: 2762 5148)

Highways Department,

5th Floor, Homantin Government
Offices,

88 Chung Hau Street,

Homantin, Kowloon.

{Tel.: 2762 3333)

Hong Kong and China Gas Co. Ltd.,
363 Java Road,

Quarry Bay, Hong Kong.

(Tel.: 2880 6988}

Hong Kong Polytechnic University
Library,

Yuk Choi Road,

Hunghom, Kowloon.

(Tel.: 2766 6863)
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City Hall Public Library,
City Hall,

Connaught Road Central,
Hong Kong.

{Tel.: 2921 2555}

Civil Aviation Department,
46th Floor,

Queensway Government Offices,
66 Queensway, Hong Kong.
(Tel.: 2867 4332)

Cross Harbour Tunnel Co. Ltd.,
Administration Building,
Hunghom, Kowloon.

(Tel.: 2333 4141)

Electrical and Mechanical
Services Department,
98 Caroline Hill Road,
Hong Kong.
(Tel.: 2808 3620

2808 3817)

Geotechnical Engineering Office,
15th Floor,

Civil Engineering Building,

101 Princess Margaret Road,
Homantin, Kowloon.

(Tel.: 2762 5111}

Government Publications Centre,
Ground Floor, Lower Block,
Queensway Government Offices,
66 Queensway, Hong Kong.

(Tel.: 2537 19108)

Hong Kong Archaeological Society,
c/o Museum of History,

Block 58, Kowloon Park,
Kowloon.
{(Tel.: 2367 1124)

Hong Kong Electric Co. Ltd.,
9th Floor,

The Electric Centre,

City Garden, Hong Kong.
(Tel.: 2843 3111}

Hong Kong Telecom,

P.0Q. Box 9896,

Hong Kong Telecom Centre,
979 King's Road,

Quarry Bay, Hong Kong.
(Tel.: 2888 2888)



Hong Kong University of Science &

Technology Library,
Clear Water Bay,
Kowloon.

{Tel.: 2358 6747)

Kowloon~Canton Raillway
Corporation,

KCRC House,

9 Lok King Street,

Fo Tan Station,

Shatin, New Territories.
{Tel.: 2688 1333)

Map Publications Centre (Hong
Kong) ,

14th Floor,

Murray Building,

Garden Road, Hong Kong.

(Tel.: 2848 2480)

Marine Departmernt,
Harbour Building,
38 Pier Road,

Hong Kong.

(Tel.: 2852 3001}

Mines and Quarries Division,
Civil Engineering Department,
7th Floor,

Civil Engineering Building,
101 Princess Margaret Road,
Homantin, Kowloon.

{Tel.: 2762 5331)

Public Records Cffice,

Tuen Mun Government Storage
Centre,

1 San Yick Lane,

Tuen Mun, New Territories.
{Tel.: 2460 3736)

Regional Services Department,
Regicnal Council Building,
1-3 Pali Tau Street,

Shatin, New Territories.
{Tel.: 2601 8500)

Survey & Mapping Office,
Lands Department,
14th-15th,21st Floor,
Murray Building,

Garden Rocad, Hong Kong.
(Tel.: 2848 2278)
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Kowloon Central Library,
5 Pui Ching Road,
Homantin, Kowloon.
(Tel.: 2926 4055)

Lands Department,
Mezzanine Floor,
1st~4th,14th-15th Floors,
Murray Building,

Garden Road, Hong Kong.
(Tel.: 2848 2198)

Map Publicaticns Centre
(Kowloon) ,

382 Nathan Road,
Kowloon.

(Tel.: 2780 0981}

Mass Transit Railway Corporation,

Chevalier Commercial Centre,
8 Wang Hoi Road,

Kowloon Bay, Kowloon.

{(Tel.: 2993 2111)

Post Cffice,

General Post Office,
2 Connaught Place,
Central, Hong Kong.
{Tel.: 2921 2332}

Rediffusion (Hong Kong)Ltd.,
Flat C, lst Floor,

Hang Fook Building,

17-23 Shang Hai Street,
Kowloon.

(Tel.: 2730 0272)

Royal Observatory,
134A Nathan Road,
Tsim Sha Tsui,
Kowloon.

(Tel.: 2926 8200)

Town Reading Centre,

6th Floor, West Wing,
Central Government Offices,
Hong EKong.

(Tel.: 2810 3693)



University of Hong Kong Library,
Pokfulam Road,

Hong Kong.

{Tel.: 2859 2203)

Water Supplies Department,
Immigration Tower,
7 Gloucester Road,

Wanchai, Hong Kong.

{Tel.: 2B29 4500)
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C.1 GENERAL

The purpose of the site reconnaissance is to confirm and supplement the
information collected during the desk study (see Section 4.2). The site
reconnaissance may include both site inspection and local enquiries concerning
existing and proposed features on and adjacent to the site.

Although site reconnaissance is normally carried out after completion of.
a thorough desk study (see Section 4.2 and Appendix A), an early site
visit/reconnaissance preceding the desk study may sometimes be very useful.

C.2 PREPARATORY WORK

Prior to undertaking the site reconnaissance, the following preparations
should be made :

(a) Permission to gain access to the site should have been
obtained from both the owner and occupier.

(b) The site plan, topographic and geological maps and the
necessary equipment should be available; for example,
notebook, pencil, large clip board, camera, measuring
tape, geological compass (compass and clinometer),
geological hammer, penknife and hand lens (x10). For
large sites, a range finder and binoculars may also be
useful. Any equipment necessary to ensure the safety of
field personnel should also be included.

C.3 GENERAL PROCEDURE

Where appropriate, the following procedure may be adopted :

(a) The whole area should be traversed, preferably on foot,
and photographs should be taken of selected features of
the site and its surroundings.

(b) The proposed location of work shown on plans should be
set-out.

(c) Differences and omissions on plans and maps (e.g. site
boundaries, buildings, roads, etc) should be recorded.

(d) An inspection should be made of the details of all
existing structures, and, where appropriate, records
should be made.

(e} Potential obstructions (e.g. transmission lines, telephone
lines, historical features, large trees, gas and water
pipes, electricity cables and sewers) should be recorded.

(f) Access, including the effects of construction traffic and
heavy construction loads on existing roads, bridges and
services, should be checked.



(g)

(h)

(i)

(i
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Water levels, direction and rate of flow in nullahs and
streams, and also flood levels and tidal and other
fluctuations, should be noted where relevant.

Features of the adjacent property should be recorded,
and the likelihood of these being affected by proposed
works should be assessed.

0ld structures, and any other features, should be
inspected and relevant records should be made.

Local inhabitants should be interviewed about the past
uses of the site, structural damage to buildings on or
near the site, flooding and land instability. Such
information should be treated with due caution, but
should be recorded and evaluated.

C.4 INFORMATION ON GROUND CONDITIONS

Data on and relating to ground conditions should be gathered
recorded, as follows :

(a)

(b)

(c)

(d)

Surface features, both on site and nearby should be
studied and recorded, preferably in conjunction with
geological maps and aerial photographs. The following
should be noted :

() Slope angles, types of slope (convex or
concave) and sudden changes in slope.

(ii) Comparison of topography with previous
map records or aerial photographs to
check for the presence of erosion, cut
slopes, fill or buried stream courses.

(iii) Surface features which may indicate
geological faults, shear zones, previous
slope instability or karst formation.

(iv) Positions and extent of tension cracks or
other features which may indicate
impending slope instability.

An inspection should be made of soil and rock outcrops
and cut slope exposures, both on site and nearby.
Relevant details should be recorded.

Where relevant, groundwater levels, positions of wells
and springs, the occurrence of seepage, and any evidence
of seepage erosion, including soil pipes and sinkholes,
should be assessed and recorded.

The surface drainage pattern and any evidence of active
soil erosion from surface water (e.g. gullies) should be
noted.

and
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()

(g)
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The nature and distribution of vegetation on the site
should be studied and noted; this information may
provide an indication of scil and groundwater conditions.

The condition of embankments, buildings and other
structures {e.g. tunnel portals and ventilation shafts) in
the vicinity should be studied and recorded.

On extensive or more complex projects, a site
reconnaissance survey should be carried cut, fellowed by
the production of engineering geological maps and/or
plans and an evaluation of the terrain based on the
underlying soils, vegetation cover, and other features
(see Chapter 9). This type of mapping should be carried
out with the assistance of an engineering geologist.

C.5 SITE INSPECTION PRIOR TO COMMENCEMENT OF GROUND
INVESTIGATIONS

A supplementary site visit will often be necessary just prior to
commencement of the actual ground investigations. Where appropriate, this
should include the following activities :

(a)

(b)

(c)
(d)

The locations and conditions of access to the working
sites should be inspected and recorded.

Obstructions, such as power cables, telephone lines,

boundary fences and trenches, should be located and
recorded.

Areas for sample storage should be identified.

Where applicable, suitable points of water supply and
electricity supply should be located and recorded.
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APPENDIX D

INFORMATION REQUIRED FOR DESIGN AND CONSTRUCTION
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D.1 GENERAL

In addition to the determination of ground conditions at the site, which
are considered elsewhere in this Geoguide, other information that may be
required for design and construction is briefly summarised in the following
sections.

The items listed in this Appendix are by no means exhaustive, and
relevant guidance documents on the information requirements for design and
construction should be consulted for additional advice. Time constraints may
limit the extent of detailed study that can be given to the project, in which
case allowance should be made in the design, e.g. by adopting conservative
assumptions for design parameters.

D.2 DETAILED LAND SURVEY AND ENGINEERING ASSESSMENT

A detailed survey of the site and its boundaries, showing means of
access, utilities and services, easements and drainage networks, will be
necessary. Survey coordinates should be referenced to the 1980 Hong Kong
Metric Grid and levels to the Hong Kong Principal Datum. Exact locations of
site boundaries should be ascertained from the appropriate District Lands
Office (see Appendix A.8). The following may also be required :

(a) Particulars of existing structures or obstructions, and
whether they have to be demolished or maintained.

(b) Particulars of adjacent or nearby structures that may be
affected by works on the site, including building heights,
floor levels, types of foundations, structural condition,
and other pertinent information.

(c) Particulars of adjacent slopes and retaining walls that
may affect the site, including assessment of stability and
details of any necessary support or remedial works. This
assessment should include boulders that may pose a
hazard to the site or the work.

(d) Locations and depths of any underground obstructions or
features, such as tunnels or cavities, where known, with
supporting details.

(e} Locations of survey markers and bench marks near the
site, with accompanying details; documentation of site
markers and bench marks.

D.3 HYDROGRAPHIC AND HYDRAULIC DATA

The design of structures in, adjoining or near the sea, nullahs or
streams may require information on the following :

(a) Marine survey data, to supplement the Admiralty charts
and other available data.

(b) Detailed information about nullah or stream flows, size
and nature of catchment areas, tidal limits, flood levels
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and their relation to the Hong Kong Chart Datum.

{c) Observations on tide levels (referred to Chart Datum)
and the rate of tidal fluctuations, velocity and direction
of currents, and wave data.

(d) Information on scour and siltation, movement of
foreshore material by drift; stability conditions of
beaches, breakwaters and training works.

(e) Locations and details of existing nullahs, streams and
marine structures, wrecks and other obstructions above
and below the water line; the effect of obstructions and
floating debris on permanent and temporary works,
including clearances of obstructions.

(fy Observations on the condition of existing structures, such
as attack by marine growth and borers, corrosion of

metal work, disintegration of concrete and attrition by
floating debris or bed movements.

(g) Data on water quality.

D.4 INFLUENCES OF WEATHER
Information on the following may be necessary :

(a) Predictions of surface water flows and groundwater levels
resulting from rainfall events with return periods of 10,
50 and 200 years, or from more extreme rainfall events.

(b)Y Groundwater responses to major rainstorms, including
projections or assessments of response to a one-in-ten
year rainfall event.

(c) Local wind speeds and wave heights generated during
tropical cyclones.

(d) Range of temperature, seasonal and diurnal.

D.5 MATERIAL SOURCES

Sources of materials for construction may need to be located and
proven, including :

(a) fill and filter materials for earthworks and reclamation,
(b} road base and surfacing materials,

{c) concrete aggregates,

(d)} stone for building, pitching, or riprap,

{(e) water,
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(f) topsoil for landscaping.

D.6 DISPOSAL OF WASTE AND SURPLUS MATERIALS

Sites for disposal of wastes or surplus materials may need to be located,
and methods of disposal resolved, for such materials as :

(a) excavated soil and rock,

(b} dredged materials,

(c) building debris and construction wastes,
(d) liquid wastes.

Access to controlled tips and public dumping areas must be determined,
as well as transport requirements and environmental controls.
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E.1 GENERAL

The prime factors required to ensure safe working conditions are
supervision by a competent person and the engagement of a suitably
experienced contractor who possesses adequate resources for the project in
hand.

Emergency procedures should be decided at the commencement of a job.
A first aid kit should be readily accessible, and should include items suited to
the working conditions. Efficient communications with outside services (police,
fire and hospital) should be established. Safety helmets, gloves, safety
footwear, goggles and masks should always be worn when required.

Reference should always be made to relevant Ordinances and Safety
Regulations, and to the British Standards and Codes of Practice for advice on
the manufacture and use of equipment.

E.2 SAFETY REGULATIONS

A comprehensive set of regqulations exists in Hong Kong governing the
safety, health and welfare of personnel employed in construction works. For
construction sites generally, the principal statutory requirements are given in
the Factories and Industrial Undertaking Ordinance and its subsidiary
Regulations (Government of Hong Kong, 1985), and the Construction Sites
{Safety) Regulations (Government of Hong Kong, 1983a). These statutes cover
general as well as specific areas of construction works, including :

(a) Excavations, caissons and shafts, dealt with under Part
VI of the Construction Sites (Safety) Regulations.

(b) Construction sites situated on or adjacent to water, dealt
with under Regqulation 52A in Part VII of the
Construction Sites (Safety) Regulations.

(c) Use of lifting appliances and lifting gears, dealt with
under Parts II, III and V of the Construction Sites
(Safety) Regulations.

(d) Working in the vicinity of cables, dealt with under
Regulation 47 in Part VII of the Construction Sites
(Safety) Regulations.

The use of explosives and compressed gas (for example, in seismic
surveys) is dealt with under the Dangerous Goods Ordinance and its subsidiary
Regulations (Government of Hong Kong, 1983b).

The use of equipment incorporating radicactive sources is dealt with
under the Radiation Ordinance and its subsidiary Regulations (Government of
Hong Kong, 1982). Such equipment should always be used fully in accordance
with the manufacturers' recommendations.

Reference should also be made to the following publications :
(a) A Guide to the Construction Sites (Safety) Regulations

(Labour Department, 1985), which briefly sets out the
provisions of the Construction Sites (Safety) Regulations
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and explains the law in simple language. This is
designed so that, besides serving as a handy reference, it
also serves as a check-list of matters requiring attention.

(b) Reference Manual for Construction Sites Inspection
Report (Labour Department, 1986), which contains most
of the requirements that are necessary to maintain a
favourable working environment for the workforce and to
comply with the provisions of the Construction Sites
(Safety) Regulations.

(c) BS 5573 : Code of Practice for Safety Precautions in the
Construction of Large Diameter Boreholes for Piling and
Other Purposes (BSI, 1978). This describes the safety
precautions that should be taken, the specific safety
requirements for the equipment to be used, and the gas
hazards which might be encountered in deep and large-
diameter boreholes.

(d) Guidance Notes on Hand-dug Caissons (HKIE, 1981},
which deals with the safety and technical aspects of
hand-dug caissons.

E.3 SERVICES AND UTILITIES

In urban areas, significant hazards may be encountered from underground
services such as electricity and gas. Particular attention should be paid to the
hazards resulting from damage to high voltage power cables, gas pipelines and
associated installations. Before any trial pits, probes or boreholes are
commenced in areas where there may be underground services, hand-excavated
inspection pits should be used to establish the presence or otherwise of all
such services. Hand-operated power tools may be necessary in inspection pits
to assist excavation through hard materials, but should be used with extreme
care.

E.4 WORKS DISRUPTING ROADS, STREETS OR FOOTPATHS

For works on or adjacent to public roads and pavements, the require-
ments of the Road Traffic (Traffic Control) Regulations (Government of Hong
Kong, 1983¢c) must be complied with. Reference should also be made to the
Code of Practice for the Lighting, Signing & Guarding of Road Works
(Highways Office, 1984).
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