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MATERIALS AND WORKMANSHIP SPECIFICATION
for Civil &Structural Works (C&S)

INTRODUCTION

The M&W Specifications (C&S) which follows shall be treated as one of the Contract
Documents and forms a part of the Authority’s Requirements.

The Contractor shall comply fully with the minimum requirements specified in this
M&W Specifications (C&S) on the materials and the workmanship for the execution
of the Works under the Contract. This M&W Specifications (C&S) shall be the
reference and basis for the acceptance by the Engineer of any material and
workmanship provided by the Contractor or on any work completed under the
Contract. The Contractor's Quality Plan and the Inspection and Test Plan shall
consider and include fully the minimum standards and quality for each item of
material or work specified in the M&W Specifications (C&S).

This M&W Specifications (C&S) attempts to include as much as possible the various
kinds of Works in the Contract. However, there may be exceptional cases when new
materials or products or specialists works are specified or proposed by the
Contractor such that the manufacturer's recommendations or specification is relied
on as basis for the material and workmanship standard for the completed works. For
any item of material or work which is not mentioned in this M&W Specifications
(C&S), the Contractor shall propose the full specification and the examinations and
tests required to determine the minimum acceptable quality or standards of the
material and workmanship for the Engineer’s acceptance.

This M&W Specifications (C&S) shall be developed, improved and amended for the
Engineer's acceptance to suit the Contractor's Design or Method Statement
whenever the Contractor finds it inadequate or deficient at no extra cost to the
Authority. All materials, components and methods of fabrication and construction
including examination and testing shall be clearly and concisely explained in detail by
the Contractor if he is proposing additional specification for the works for the
Engineer's acceptance. The Engineer will not accept any changes unless the
Contractor can clearly demonstrate that such change will not result in lowering the
standards or quality. If the Contractor’s proposal involves making changes to this
M&W Specifications (C&S), the submission shall identify the marked changes for the
Engineer’s acceptance.

In general, the requirements of the M&W Specifications (C&S) shall be considered as
minimum requirements.

The Contractor shall maintain the present format of the M&W Specifications (C&S),

keeping to the present clause numbering as far as practicable. The Contractor shall
add further Chapters to the M&W Specifications (C&S) as necessary.

Sep 2020
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CHAPTER 1
GENERAL

1.1 GENERAL

1.1.1 This Specification sets out the basic standard of quality of materials and

workmanship required by the Land Transport Authority.

1.1.2 The Contractor shall ensure that these requirements are strictly adhered
to when carrying out the Works, unless otherwise instructed.

1.1.3 The term Engineer used in this Specification refers to the Engineer
appointed by the Authority for the purpose of the Contract. Where the
Conditions of Contract require a Superintending Officer be appointed for
the purpose of the Contract, the term Engineer in this Specification shall
refer to the Superintending Officer so appointed by the Authority.

1.2 STANDARDS AND CODES OF PRACTICE

1.2.1 Unless otherwise specified, all materials, fittings, workmanship,
construction and installations for the Works, shall comply with the
appropriate standard issued by Enterprise Singapore. If such a standard
does not exist, then the appropriate standard issued by the British
Standards Institution shall be used. Where relevant provision does not
exist, the Contractor shall submit appropriate equivalent standard to the
approval of the Engineer. All standards shall include all Amendments and
Addenda current at the date of Tender.

1.2.2 Where Metric and Imperial versions of the same Standard exist then the
Metric version shall apply.

1.2.3 In the Specification and Drawings the abbreviation "CP" means "British
Standard Code of Practice” and the abbreviation "BS" and “BS EN’”
means "British Standards" and “British’s adoption of Eurocode”,
respectively as issued by the British Standards Institution. "SS" and “SS
EN” means “Singapore Standards” and “Singapore’s adoption of
Eurocode”, respectively as issued by Enterprise Singapore. “‘ASTM”
means the “American Society for Testing of Materials” and “M&W for M&E
Works” refers to Material & Workmanship Specifications for Mechanical &
Electrical Works.

1.2.4 All references to Acts of Parliament are (except where the contrary is

expressly stated) references to the Acts of Parliament of the Republic of
Singapore.

Sep 2020



Engineering Group Document E/GD/09/104/A2
M&W for Civil & Structural Works MW /1/2

1.3

13.1

1.4

14.1

1.4.2

15

151

152

153

154

Sep 2020

TRADE NAMES

Wherever items bearing trade names or company names are stated in the
Drawings, Specification or Bills of Quantities, the Contractor may
substitute items bearing alternative trade or company names provided
they are warranted equal in all respects to those specified and the
Engineer’s acceptance is obtained in writing before making a substitution.

SAMPLES OF MATERIALS AND WORKMANSHIP

In addition to supplying samples of materials as specified, the Contractor
shall, whenever requested by the Engineer submit samples of any
material or demonstrate the level of workmanship proposed to be used in
the execution of the Works for his acceptance.

Such samples for demonstration of Works shall be constructed or
orientated so that viewing in natural light will reasonably duplicate the
effect expected in the finished work. The Contractor shall maintain the
samples until their removal is directed by the Engineer.

INSPECTION AND TESTING

The Engineer shall have the right to inspect the manufacture of any
material at the manufacturer's works at any time. However the cost of
travel and accommodation where necessary for the Authority’s
representative, shall be borne by the Authority, unless stated otherwise in
the Contract.

The Contractor shall, obtain from the manufacturer and submit to the
Engineer certificates showing that tests of materials have been carried out
in accordance with the requirements of this Specification.

The Contractor shall agree with the Engineer in writing on the date and
place of test, at least one week before the date of the test. The Contractor
may proceed with the test if the Engineer confirms in writing that he is
unable to attend the test. However, the Contractor shall furnish to the
Engineer the certified copies of the test results.

If as a result of such inspection, examination or test the material is found
to be defective or not in accordance with the Contract, the Engineer shall
notify the Contractor of his rejection in writing. The Contractor shall furnish
the Engineer a method statement which defines how and when the defect
is to be made good. The method statement shall be submitted within 48
hours after the Contractor receives written notification from the Engineer.
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Upon the acceptance of the method statement by the Engineer, the tests
shall be repeated under the same terms and conditions. The Contractor
shall immediately make good the defects or ensure that the materials
comply with the Contract. Unless otherwise accepted by the Engineer all
quality assurance testing shall be performed by a SAC-SINGLAS
(Singapore Accreditation Council — Singapore Laboratory Accreditation
Scheme) accredited/approved testing laboratory to be appointed by the
Contractor.

SITE RECORDS

The Contractor shall keep such site records as are required by the
Engineer to ensure effective quality assurance of workmanship and
materials. Such records shall include, but not be limited to, the following:

(@) Daily maximum and minimum temperature
(b) Rainfall

(c) Materials testing of all aggregates, cement and concrete identifying
the section of works to which they relate

(d) Casting dates for in-situ and precast concrete
(e) Formwork striking

() Dates of structural steelwork shot blasting and painting together with
paint film thickness

(g) Dates of inspection of steelwork fabrication and records of tests
carried out

(h) Tests on fire resistance of materials

(i) Detail of filling materials, their location in the Works, dates of placing
and compaction test

() Pilings

(k) Welding

() Detail of prestressed members, including moulds, concrete and
tensioning

(m) Inspection/certification by Professional Engineers and Safety
Officers



Engineering Group Document E/GD/09/104/A2
M&W for Civil & Structural Works MW /2/1

2.1

2.2

Sep 2020

CHAPTER 2

DEMOLITION, SITE CLEARANCE AND HOARDING

GENERAL

The Contractor shall take all necessary steps during demolition and site
clearance to protect adjoining properties, fences, public roadways,
footpaths, etc. and shall be responsible for making good any damage, or
the replacement by an acceptable equivalent should the material be no
longer obtainable in the market.

Demolition and site clearance shall be carried out in such a manner as to
cause as little inconvenience as possible to adjoining properties occupier
and general public and to safeguard public safety at all time. The
Contractor shall be held responsible for any claims arising there from.

The Contractor shall take all necessary precautions during demolition and
site clearance not to disturb existing electricity supply cables, drains, gas
pipes, water supply pipes, ducts, telephone cables, radio and television
relay lines, hydraulic pressure mains and other service pipes and fittings
across the site. Where necessary, the above service lines and fittings
shall be supported and protected.

Before work commences or during the progress of the demolition and site
clearance works, should the Contractor discover any cables, pipes or
fittings which are liable to be damaged during the progress of the works or
may obstruct and impede the progress of the works, he shall inform the
Engineer and co-ordinate with the services owners and/or utility agencies
for the protection or diversion of the cables or pipes or fittings.

SITE HOARDING

The Contractor shall provide and erect, to the acceptance of the Engineer,
all necessary protective screens, hoarding, shoring etc. that may be
required, to prevent damage, nuisance or disturbance by debris, dust,
noise, etc. to adjoining properties, public roadways or persons or traffic
passing nearby. Unless specified otherwise, such protective hoarding
shall be erected by the Contractor around the perimeter of each worksite.

The hoarding shall be erected once the Contractor takes charge of the
worksite, prior to the commencement of any site work.

Unless otherwise stated in the Particular Specification the hoarding shall
be constructed to the following standards.

The hoarding shall be continuous, except for the provision of gates at the
entrance and exit as accepted by the Engineer.
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Entrances and exits shall be suitably positioned to comply with the
requirements of the relevant authorities and agencies.

Adequate warning signs accepted by the Engineer shall be posted at
conspicuous locations on the hoarding to alert the public of the
construction in progress. Particular attention shall be given to exits for
heavy machinery and vehicles leaving the site.

Each hoarding panel shall abut/overlap the next panel. The height of the
panel shall not be less than 2.4m with a gap no greater than 50 mm
between the bottom of the panel and the ground.

The Contractor shall take the appropriate precautions to prevent fluid,
slurry or other waste to pass under the hoarding from the worksite at any
time.

The top of the hoarding shall be level and when erected on inclined
ground it shall be stepped accordingly whilst not exceeding the maximum
allowable gap at the base of the hoarding.

The hoarding panel shall be white in colour flat panel type with a minimum
height of 2.4m. The minimum thickness of hoarding shall be 0.6mm with
nominal width of 300mm. The hoarding panel shall be fixed to a structural
framework spaced at appropriate distances designed by a Professional
Engineer. The hoarding including its support and footings shall be
designed to withstand wind loading and wind pressure due to vehicles
passing by and to ensure that it shall not collapse or sway. The fixings on
the hoarding shall be concealed and give a neat appearance.

The material of the hoarding shall be metallic hot-dip coated
zinc/aluminium alloy-coated steel comprising 55% aluminium, 43.5% zinc
and 1.5% silicon, with a minimum yield stress of 300MPa. The minimum
coating mass shall be 150g/m?.

The hoarding shall be removed on completion of the whole of the Works
unless otherwise stated.

Removable panels shall conform to the following specifications :

(@) Removable panels, of not less than 1 metre in width and painted red,
shall be provided in hoarding fronting buildings on the footpath side
of the works area, at intervals of not more than 10 metres, except
where not possible due to machinery or trench works.

(b) The words “Fire Service Access” in 120 millimetre characters in the
four official languages shall be painted white on the works area side
of the removable panels.

(c) The removable panels shall not be positioned at the main exits of
buildings.
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(d) In cases where a hoarding is erected to partition off a carriageway or
works area, removable panels shall be erected directly opposite to
those specified in (a) above. The words, as in (b) above, shall be
painted on the carriageway side of the hoarding.

(e) Where removable panels are provided on hoarding on both sides of
a worksite, (i.e., one on the outside of the building, and the other on
the carriageway), a cross-walk/passageway shall be maintained to
link up each pair of panels.

()  Where road openings or ditches exist in the works area behind these
removable panels, wooden boards or metal decking sufficient to bear
a point load of 200 kilograms shall be provided.

When the hoarding is built adjacent to a public right of way the Contractor
shall illuminate the outside of the hoarding using lights attached to the
hoarding or shining over the top of the hoarding from within the worksite.
Where work is to be carried out directly above public access area such as
footpath, the Contractor is to design and provide hoarding with roof
shelter.

The lights shall be located at suitable spacings to provide sufficient
lighting of at least 15 lux with uniformity ratio of 0.3 to the perimeter of the
hoardings where there is footpath for the public or at location where
directed by the Engineer.

The lights shall be of a durable design with no sharp edges or protrusions.
Emergency lighting shall be provided at suitable spacings to achieve a
minimum brightness of 15 lux.

All lighting shall be of the same colour and shall not dazzle or confuse
motorists.

Buildings, trees and structures shall not form part of the site boundary. All
hoarding shall be erected in front of such structures, unless otherwise
directed by the Engineer.

All site hoarding shall be maintained and kept in good condition at all time.
Repairs to the hoardings will be required by the Contractor when
considered necessary by the Engineer,

Half-height hoarding (with chain-link fence on the upper half) to be
installed at the corner of road junctions or any location deemed necessary
to improve sight distance of vehicles for better road and pedestrian safety,
to the acceptance of the Engineer.
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2.3 DEMOLITION
2.3.1 Notice of Demolition

Before commencing demolition of any part of a structure, the Contractor
shall obtain the necessary approval from relevant authorities and
agencies. He shall ensure all electrical, water, gas and any other services
are terminated and disconnected before commencing the demolition work.

2.3.2 Method of Demolition

The Contractor shall submit the method statement for the demolition to
the Engineer before commencement of the work. The Contractor shall
comply with the procedures and recommendations as detailed in SS
557:2010.

The Contractor shall demolish the whole or part of the existing building or
structure to ground level as required under the Contract. Unless otherwise
specified all hard-core or stone fillings below the existing ground level
shall be removed. All obsolete concrete drains, foundations including pile
caps (except piles), floors, paving, etc. shall be thoroughly excavated and
the voids filled with approved fill materials, well compacted in layers of
300 mm thick and levelled to required levels.

2.3.3 Protection of Adjacent Structures

The Contractor shall provide, erect, maintain and dismantle all necessary
underpinning, shoring or other forms of support to safely protect all
properties adjoining the property to be demolished. The designs for such
works shall be endorsed by a Professional Engineer and a copy of the
designs shall be given to the Engineer for his acceptance. The
construction and adequacy of such supports shall be the entire
responsibility of the Contractor. Should any subsidence or any damage
result from the inadequacy of the shoring or any other support provided,
the damage shall be made good by the Contractor at his own expense.
Notwithstanding the provision to ensure the stability of the adjacent
structure, instrumentation and monitoring shall be carried out by the
Contractor during the demolition to ensure that measures provided are
sufficient. The Contractor shall furnish written monitoring reports at an
interval to be agreed with the Engineer

234 Utilities and Services

All existing sewer mains and manholes shall be properly protected and all
branch sewers from the building to be demolished shall be properly
sealed off by a licensed plumber. Public Utilities Board (Water
Reclamation Network) shall be notified in writing before commencing
work. The voids within the abandoned sewer mains and manholes shall
be filled with material accepted by the Engineer
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Removal of Foundations

During removal of foundations or pile caps, the Contractor shall take all
precautions to prevent soil disturbance to the surrounding foundations or
damage to services in the vicinity. Should any subsidence, or any damage
result, the damage shall be made good by the Contractor at his own
expense.

MANAGEMENT OF WORKMEN MOVEMENT

The Contractor shall ensure that his workmen do not trespass into nearby
properties. In the event of any trespassing, he shall indemnify the
Authority against all claims for damages.

TREES, BUSHES, HEDGES, ETC.

The Contractor shall provide adequate protection to all trees, bushes, etc,
to be preserved as requested by the National Parks Board or as directed
by the Engineer.

No trees shall be felled, removed or trimmed without the prior approval of
the National Parks Board and only when directed by the Engineer.

When works are carried out near to trees, the Contractor shall inform
National Parks Board prior to the commencement of the work.

The stump and root of felled trees shall be grubbed up immediately and
removed from the site. All empty tree holes or cavities shall be filled with
approved material to the existing ground level and compacted to the
satisfaction of the Engineer.

All shrubs, roots, lalang, etc. shall be removed by cutting and/or digging
and removed from site.

TURF AND TOPSOIL

All topsoll, turf and other vegetable matter on the site shall be excavated
and removed to an approved site. The Contractor shall identify suitable
locations to stack the topsoil on site subject to the acceptance of the
Engineer.
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2.7 DUMPING OF DEBRIS, ETC.

The disposal of materials and rubbish by burning on site or burying in the
ground shall not be permitted under any circumstances.

The Contractor shall remove all rubbish on the site and in buildings under
demolition to an approved dumping ground.

Any hazardous materials such as abandoned asbestos pipes encountered
during excavation or demolition shall be handled with care. The disposal
of such material shall comply with the relevant authorities’ guidelines and
requirements. The Contractor shall engage a licensed contractor to
remove such hazardous materials to an approved dumping ground.
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CHAPTER 3

SURVEY AND SETTING OUT

GENERAL

The Resident Surveyor shall be responsible for managing all aspects of
surveying and setting out for the duration of the works. He shall prepare
method statements for all aspects of survey work on site; each method
statement shall include a risk analysis. He shall ensure that all surveys are
conducted to the requisite accuracy with sufficient checks. Survey
transparency, good record system and clear presentation of reliable
information are expected at all times.

At the commencement of the Rail Contract, the Contractor will be supplied
with a set of Primary Control Markers. The Contractor shall check the
accuracy of their position and level and shall immediately notify the
Engineer of any discrepancies. The Contractor shall undertake all
precautions to protect these markers and to re-establish any damaged
marker at his own cost.

SURVEY CONTROL
Survey Markers

Survey Markers shall be durable, appropriate to location and intended
use. Survey Markers shall be clearly identifiable and protected from
construction traffic. For installation of a Survey Marker into reinforced
concrete, the Contractor shall ensure that steel reinforcement bars are to
be avoided. Either removable anchors or epoxy adhesive shall be used as
the method of fixing.

Benchmarks shall have a domed surface for staff placement. Primary
Benchmarks shall comprise a stainless steel bolt securely placed vertically
into a concrete slab, or horizontally into a column. The protrusion shall not
pose a safety hazard.

Survey Markers used for horizontal control shall have an unambiguous point
above (or below) which a survey instrument can be precisely centred. The
point shall comprise either a punchmark or the intersection of 2 lines forming
a cross. Cross-headed road nail (75mm long) complete with a coloured
washer shall generally be used as a Survey Marker.

In all tunnels, station boxes and shafts, a precision demountable survey
table and back plate system (see Figure 3.1) shall be installed progressively
for carrying out horizontal control. The precision demountable survey tables
shall be mounted on back plates that are to be attached to the tunnel lining
or shaft wall until track laying is completed. Only upon written permission
from the Engineer can the back plates be removed and any holes made
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good. The distance between adjacent intervisible back plates shall not
exceed 80m. The minimum number of precision demountable survey tables
required per tunnel drive is six. The back plate has been designed to accept
LTA’s special precision-made gyro table. Survey tables shall be installed to
ensure that the top flat surface of table is level in all directions to better than
1:150. Survey tables shall allow forced centring in the horizontal plane by
means of a precision threaded 5/8" instrument insert. To prevent damage to
optical plummets within tribrachs, the threaded portion shall be designed not
to penetrate more than 12mm into a tribrach. The Contractor shall ensure
safe access to any survey table installed. A suitable working platform
complete with access ladder and handrail shall be provided. In the event
that the working platforms were removed, the Contractor shall reinstall the
platforms whenever needed by the surveyor.

Every tunnel survey back plate and benchmark shall have a sign (see
Figure 3.2) indicating that the device is required for trackworks and shall
not be disturbed or removed.

Control Observation, Adjustment and Presentation

Homogeneous survey control is required prior to any setting out. Survey
control shall evolve from the whole to the parts. Where practical, all
survey points within a horizontal survey control network shall be occupied
and observed from. Forced centring techniques shall be used throughout.
A round of angular observations shall comprise the mean of observations
taken on both faces of the total station. A minimum number of 4 rounds of
horizontal and vertical angles shall be observed at each instrument set up.
For control work, the angular spread of horizontal angles shall not exceed
3 seconds of arc. Distances shall be measured in both directions. All raw
data pertaining to each set up shall be electronically recorded.

Survey control shall include redundant observations. Observation
networks shall be processed using the method of least squares
adjustment and the resulting residuals to the observations shall be
inspected for magnitude. Any large residuals or error ellipses shall be
examined and appropriate remedial action shall be taken.

Precise levelling shall be double run using equal back and fore sights at
each instrument set up. Levelling sights shall never exceed 30m. On the
ground surface, the Contractor shall establish stable benchmarks adjacent
to the site so that the distance between adjacent benchmarks does not
exceed 250m.

Height datum transfer accuracy shall be better than 2mm in a 30m deep
shaft. The transfer of height datum shall be by independent means.

Azimuth transfer from surface to underground shall be better than 3
seconds of arc and point transfer shall be accurate to within 2mm. Such
transfers shall be verified by independent means.
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At 3 monthly intervals, the Contractor shall conduct a complete survey of
all existing survey control. A bound, A4 size survey control report shall be
submitted to the Engineer for acceptance within 2 weeks of completing
the field work. The convention adopted shall comprise Station Name,
Easting, Northing and Elevation reading from left to right. The entire
control scheme shall be included in a single least squares adjustment.
The report shall contain the following information: dates of survey, fixed
survey control and values, specification of instrumentation used,
calibration status of instrumentation used, observational acceptance
criteria, list of final adjusted co-ordinates findings and conclusion.
Attached to the report shall be the observations (A4 printout of electronic
booking sheet or customised spreadsheet), adjustment with residuals and
station error ellipses, table of differences in mm from previous co-
ordinates and elevations (if applicable), a drawing clearly showing layout
of scheme and measured quantities and final co-ordinates in tabular form.

GENERAL SETTING OUT

The Contractor shall carry out a comprehensive level survey of the
Contract area before any work commences on the site that may alter
original ground levels.

Pre-computation shall be carried out prior to any setting out. For rail
projects, the effects of cant and throw shall be incorporated into pre-
computation wherever relevant. All pre-computation shall be readily
available in a spreadsheet format for use on site.

The method of setting out for each particular element of the work shall
comply with the required accuracy, the method of construction, and shall be
appropriate for site conditions.

In the setting out process, all elevation transfer conducted by levelling shall
start on an established benchmark and finish on a different benchmark. If a
significant misclosure is detected, the reason shall be determined and the
necessary corrective action taken.

After the erection of the formwork and prior to concreting, a survey check
shall be carried out on the formwork to ensure that the setting out has been
done correctly.

A spreadsheet shall be used in all instances to tabulate the difference (or
offset) in mm between the actual set out (or as-built) co-ordinates from the
design co-ordinates. In cases where the design is an alignment, offsets to
the alignment shall be computed for each surveyed point.
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TUNNEL SHIELD PRE-LAUNCH SURVEY

The centre of the shield shall be driven to the design tunnel alignment. The
tunnel alignment is not necessarily the same as the design track
alignment. The Resident Surveyor shall obtain the track alignment and
validate the tunnel alignment geometry and co-ordinates for all elements
of the tunnel alignment. A list of co-ordinates (Easting, Northing &
Elevation) shall be generated at 1m chainage intervals along the length of
the design tunnel alignment.

Permanent reference marks or prisms are to be suitably placed inside the
shield typically on bulkheads, towards the front and rear of the shield. The
permanent reference marks will be used later to determine the exact
orientation and position of the shield in the ground. The extrados of the
shield skin shall be accurately surveyed on site to determine circularity and
diameter at the front, rear and mid sections. The permanent reference
marks and the guidance system targets shall also be accurately surveyed
concurrently to determine their position relative to the central axis of the
shield. A detail drawing together with the calculations showing the survey
results is required.

The launch cradle rails, tunnel eye and seal ring shall be set out and
checked prior to the shield being placed on the cradle. The contractor shall
verify that the shield is correctly positioned on the cradle in accordance with
the launch strategy and the design tunnel alignment. Any protrusion on the
tunnel eyes shall be surveyed by the Contractor prior to the launching.

After installation of the guidance system, the Resident Surveyor shall
determine that the design tunnel alignment is input correctly. It shall be
clearly stated at what specific point of the shield the current co-ordinates
output by the guidance system relates to (e.g. at the cutter head). The
guidance system shall correctly output the current position and attitude of
the shield. Independent manual surveys shall be conducted to first verify the
absolute positional output of the guidance system. Regular checks shall
then be conducted to ensure that the guidance system correctly indicates
the position of the shield relative to the design tunnel alignment.

TUNNEL SURVEY DURING CONSTRUCTION

Survey control (horizontal and vertical) shall be installed progressively
along the tunnel as construction permits. Underground survey control
shall be configured to achieve an accuracy of 10mm in 1000m for line and
5mm for 1000m in level in the breakthrough survey. The ring number shall
be included in the naming convention for survey control points. The zigzag
horizontal survey control configuration shall incorporate redundant
observations whilst excluding lines of sight that graze the tunnel lining.
During construction, the horizontal control shall generally be situated
close to the tunnel axis level. Benchmarks shall be located at 30m
intervals along the entire length of the tunnel and shall be situated above
the 15t stage concrete level, on the opposite side of the permanent
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walkway. Upon completion of the 1t stage concrete, benchmarks shall be
transferred to a level above the proposed 2" stage concrete.

As soon as it is practical, a base line greater than 100m in length shall be
established from the shaft bottom into the tunnel. This base line shall be
accurately surveyed several times from the surface by independent
means to determine the co-ordinates and azimuth for the base line.
Similarly a minimum of 3 benchmarks shall be installed in the proximity of
the shaft bottom and vertical control accurately transferred several times
from the surface by independent means. The base line and the
benchmarks shall then be held fixed to progress the survey control into
the tunnel.

At 3 monthly intervals, the entire tunnel survey control scheme shall be re-
observed from the shaft bottom. All tunnel benchmarks shall be observed
by precise levelling to determine any significant movements. The tunnel
survey control shall be included in the survey control report.

When tunnel drive reaches 50% and 75% of its length, the survey control
base line and the benchmarks shall be rechecked from the surface.
Arrangements shall be made for the Engineer to check the underground
azimuth by gyro readings.

During the early stages of each tunnel drive, intensive manual survey
checks shall be made of the shield’s position and attitude by surveying the
permanent reference marks inside the shield. At the same time, the
automated guidance system shall be interrogated to obtain output of the
shield’s position (shield’s vertical, and horizontal deviations from the
design tunnel alignment at a particular chainage) and attitude (pitch, lead
and roll measurements). The manual and automated shield positions shall
be plotted together on the same graph with tabulation of the shield’'s
attitude, and forwarded daily to the Engineer. Any anomalies shall be
identified, investigated and resolved. The above process shall be
continued until complete confidence in the satisfactory behaviour of the
automated guidance system is obtained.

Prior to any backup installation, each ring built shall be surveyed after it
has emerged from the tail skin. Ring survey shall typically comprise eight
3D survey points (accuracy of a point is typically £5mm) taken on the
leading edge of the ring at approximately the crown, invert, axis, knees
and shoulder positions. Absolute levels of the invert and crown shall also
be taken using a level and staff. The co-ordinates of the best-fit centre of
the ring shall be calculated and the vertical and horizontal offsets
determined from the design tunnel alignment. A ring shall be considered
out of tolerance during tunnelling when the best-fit centre deviates by
more than 50mm in line or level from the design tunnel alignment. The as-
built position of the rings and the output position from the guidance
system shall be plotted and analysed, and any correlation anomalies
investigated and resolved.
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If rings are built out of tolerance, return to alignment shall be at a rate not
greater than 1mm per metre.

After backup installation, the positional checking of any type of guidance
system requires manual survey to be carried out originating each time
from proven survey control established behind the confines of the backup.
Gyro-based guidance systems shall be surveyed and updated by manual
survey on a daily basis. Total station based (all non-gyro systems)
guidance systems shall be thoroughly checked whenever the total station
is moved forward. The Resident Surveyor shall ensure that any guidance
system is correctly interpreting the true position and attitude of the shield.
It shall be demonstrated by independent means that the generated
guidance system offsets from the design tunnel alignment are correct.

As rings emerge from behind the backup, every alternate ring shall be
comprehensively surveyed with a minimum of 8 number 3D points well
distributed around the leading edge. Roll of each surveyed ring shall be
determined. Ring survey shall take place progressively to ensure that no
more than 200m of tunnel is required to be surveyed behind the back up
at any one time. An additional 2-ring overlap of surveys is required
between each survey and at each new instrument set up within a survey.
The co-ordinates of the best-fit centre of the ring shall be calculated with
the vertical and horizontal offsets determined from the design tunnel
alignment. The as-built position of the rings and the output position from
the guidance system shall be plotted and analysed. Any anomalies in
correlation shall be investigated and resolved. The Resident Surveyor
shall keep and maintain up-to-date graphical records showing the
horizontal, vertical and radial offset of every surveyed ring relative to the
design tunnel alignment. These graphs including data shall be produced
and made available to the Engineer in soft copy upon request. It shall
state clearly which revision of design track alignment the graphs refer to.
The Contractor shall indicate on their submissions the clearances on the
left shoulder, left knee and right knee in graphical records and values.

WRIGGLE SURVEY

Upon completion of tunnelling, when a suitable breakthrough has been
effected, the survey connection shall be made and the survey misclosure
determined. A survey report shall be prepared detailing the final adjusted
values for all the survey control to remain in the tunnel for the purpose of
track laying.

A final as-built survey to determine the 3D co-ordinates of the tunnel lining
at 8 points, well spaced around the circumference of the leading edge, of
each alternate ring shall be carried out. The best-fit centre of the ring and
its minimum radius shall be determined. The computed horizontal, vertical
and radial offset of the centre of each surveyed ring relative to the design
centre shall be plotted for the entire tunnel, giving an indication of
potential out of tolerance zones.
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A detailed analysis to determine that there is sufficient clearance between
the structure gauge and the as-built surveyed tunnel lining for system
wide installations is required. This check must be carried out for every
surveyed ring, cut and cover sections at 5m intervals, and station boxes.
For the cut and cover tunnel, every section shall be surveyed with 3 points
taken at the base, 2 at each wall, and 3 at the soffit. For station box,
besides surveying the base, wall and soffit, the platform edge and
columns are also required.

The Contractor shall submit to the Engineer a detailed report (in hardcopy
and softcopy on CD) for each completed tunnel drive. The report shall
demonstrate in tabular format that the clearances on 3 critical points
(shoulder opposite walkway, walkway and drain opposite walkway) have
been achieved throughout the tunnel using the proposed design track
alignment. The report shall include drawings to show typical cross-
sections of tunnel, structure gauge and clearances. Detailed cross-
sections shall be drawn for rings where clearances are not achieved.
Rings shall be referenced by ring number, chainage and best-fit centre co-
ordinates. All out of tolerance areas shall be highlighted. The Contractor
shall also make a clear presentation of the methodology, facts and
findings to the Engineer. Each report shall be prepared and submitted to
the Engineer within 6 weeks of tunnel breakthrough.

The Contractor shall carry out as-built survey of the top of 1%t stage
concrete and demonstrate that it has been placed within tolerance. The
survey shall comprise 3 points (left, centre and right) in 3-D co-ordinates
across the tunnel at every alternate ring. The elevations shall be
compared against design elevations at each surveyed point. All out of
tolerance areas shall be highlighted.

The Contractor shall carry out accurate as-built survey of all platform
edges, columns and any other structures to ensure that there is no
infringement of the structure gauge. These surveys shall be conducted
from proven survey control that is well established, using long base lines
within depot or stations. The results shall be tabulated to show the offsets
in mm relative to the design alignment and also the clearance or lack of
clearance from the design. All out of tolerance areas shall be highlighted.

The Contractor shall propose to the Engineer any re-alignment necessary
to accommodate out of tolerance situations. If the design alignment
criteria cannot be met, these out of tolerance areas shall be reconstructed
at the Contractor’'s expense. A re-survey of these reconstructed areas is
required.
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MONITORING SURVEYS

Pre-analysis techniques shall be used to demonstrate that the required
accuracy of any proposed monitoring scheme can be achieved. As a
minimum requirement, the design of a monitoring scheme shall take into
consideration the likely range of movements to be incurred, accuracy
required, accessibility to the area of interest, instrumentation to be used,
the use of any special accessories, frequency of monitoring, particular site
conditions, safety, data collection/processing techniques, real time or post
process, maintenance of the system, stability of the points of reference
and the presentation format. A detailed method statement shall be
submitted to the Engineer for acceptance before any particular monitoring
scheme being implemented.

All 2D and 3D monitoring schemes shall be co-ordinated on the Project
grid and datum. All elevation monitoring shall be conducted on the Project
datum. All monitoring points shall be clearly and unambiguously
identifiable. All reference points shall be checked for stability prior to each
use. A base set of readings shall be established at the start of each
monitoring scheme. Base set shall comprise the average of three
independent sets of readings. Monitoring reports shall be in tabular form
including the base set of readings, and the relative movements in mm
from the base readings for each subsequent set of observations taken.
Graphical representation of movements against time shall be prepared for
presentation purposes where required. If any agreed trigger levels are
exceeded, the Engineer shall be notified immediately.
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CHAPTER 4
EARTHWORKS
4.1 GENERAL
41.1 This Specification is applicable to all earthworks up to formation level. For

road and railway works, formation level shall be the level on which the
railway sub-ballast or road sub-base is laid.

4.1.2 Subgrade preparation for road works shall also be subject to the
requirements of Chapter 10 Roadworks.

4.2 CLASSIFICATION OF EARTHWORK MATERIAL

42.1 The following definitions of earthworks shall apply to this and other clauses
of the Specification in which reference is made to the definitions: -

(@ ‘Top Soil’ shall mean the top layer of soil that can support vegetation.

(b) ‘Suitable Material’ shall comprise all that is capable of being
compacted in the manner specified in Clause 4.12 to form a stable fill
having side slopes as indicated on the Drawings.

(c) ‘Not Suitable Material' shall mean other than Suitable Material and
shall include :

()  ‘Unsuitable Material' — any material which is classed as “Not
Suitable Material” but does not include “Contaminated Material”,
“Waste Material” as defined below with clay of either liquid limit
exceeding 70% or plasticity index exceeding 50%;

(i) ‘Contaminated Material — any material which contains amounts
of any of the contaminants that exceeds the intervention values
listed in SS 593 and where the contamination was an existing
condition on award of the Contract;

(i) ‘Waste Material’ — any material that contains building debris,
domestic or industrial rubbish, man-made materials, logs, stumps
or any other material which the Contractor introduces into the
spoil, including bentonite and bentonite slurry;

(d) ‘Rock' shall mean hard material found in ledges or masses in its
original position, which would normally have to be loosened either by
blasting or by pneumatic tools, or if excavated by hand, by wedges and
sledge hammers. ‘Rock’ shall also include all solid boulders or
detached pieces of rock exceeding 0.10 m?3 in size in trenches or
exceeding 0.20 m3 in general excavation.
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(€)

(f)

(9)

(h)

(i)

‘Imported Rock Fill' shall be clean well-graded quarry waste provided
by the Contractor from sources outside the Site. It shall be resistant to
weathering. The maximum particle size in the material shall pass
through a rigid 200mm square grid and the largest dimension of any
particle shall not exceed 300 mm. The material shall not have more
than 10% of its particles passing a 0.75mm BS sieve. The source and
the sieve test report of the proposed material shall be submitted to the
Engineer for acceptance.

‘Fill Material' shall mean Suitable Material for backfiling with the
exception of Rock and Imported Rock Fill

‘Special Fill Material’ shall mean Suitable Material of which at least
95 per cent passing the 125mm BS sieve and at least 90 per cent
passing the 75mm BS sieve. Up to 5 per cent of the material may be
made up from isolated boulders of maximum dimensions not
exceeding half the thickness of the layer of material being placed,
provided that the fill can be compacted in the manner specified in
Clause 4.12.

The coefficient of uniformity shall be greater than 10. The fraction
passing a 75 um BS sieve shall be less than 20% by weight and
shall have the following characteristics:

() liquid limit not exceeding 35%; and
(i)  plasticity index not exceeding 12%

‘Selected Fill' shall be well graded granular natural sands, gravel,
crushed rock, crushed concrete, well burnt shale or other materials.
The material shall pass a 425 ym BS sieve, when tested in
accordance with BS 1377 and shall have a plasticity index of less
than 6%. The source and the sieve test report of the proposed
material shall be submitted to the Engineer for acceptance.

‘Imported Fill Material' shall be Fill Material supplied by the Contractor
from a source outside the Site. The source and the sieve test report of
the proposed material shall be submitted to the Engineer for
acceptance.

For the purpose of Table 4.2 of Clause 4.12, materials are grouped as
follows:

(@)

(b)

‘Cohesive Soil' includes clays and marls with up to 20 percent of gravel
and having a moisture content not less than the value of the plastic
limit (determined in accordance with BS 1377) minus 4%.

‘Well-Graded Granular and Dry Cohesive Soils' include clays
containing more than 20 per cent of gravel and/or having a moisture
content less than the value of the plastic limit (determined in
accordance with BS 1377) minus 4%, and well-graded sands and
gravel with a uniformity coefficient exceeding 10.
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(c) ‘Uniformly-Graded Material' includes sands and gravel with an
uniformity coefficient of 10 or less, and all silts and pulverised fuel
ashes. Any soil containing 80 per cent or more material in the particle
size range 0.06mm to 0.002mm will be regarded as silt for this
purpose.

Naturally occurring materials within the Site that are deemed as ‘Not
Suitable Material’ due only to excessive moisture content may be spread
and dried. The use of material treated in this way shall be subject to the
acceptance of the Engineer.

EARTHWORK GENERAL

The Contractor shall carry out all earthwork in such a manner as to
prevent erosion or slips and shall limit working faces to safe slopes and
height. The Contractor shall ensure that all surfaces have at all times
sufficient gradients to enable them to shed water without causing erosion.

Hauling of material from cuttings or the importation of fill material to the
embankments or other areas of fill shall proceed only when sufficient
compaction plant is operating at the place of deposition to ensure
compliance with the requirements of Clause 4.12.

Construction traffic other than that required for the excavation and trimming
shall not use the surface of the bottom of a cutting unless the cutting is in
Rock or the Contractor maintains the level of the bottom surface at least 300
mm above formation level. Any damage to the sub-grade arising from such
use of the surface shall be made good by the Contractor at his own expense
with material having the same characteristics as the material which has
been damaged.

The Contractor shall arrange for the rapid dispersal of water shed on the
earthworks or on the completed formation during construction. This also
includes water entering into the works from any source. Adequate means for
trapping silt shall be provided and the water shall be treated in accordance
with PUB’s requirement before discharged into permanent drainage system.
The arrangements shall be made in respect of all earthworks including
excavations whether for pipe trenches, foundations or cuttings.

The Contractor shall provide where necessary temporary water courses,
ditches, drains, pumping or other means of maintaining the earthworks
free from water. Such provision shall include carrying out the work of
forming the cuttings and embankments in such a manner that their
surfaces have at all times a sufficient minimum crossfall and, where
practicable, a sufficient longitudinal gradient to enable them to shed water
and prevent ponding.
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Pumping shall not be regarded as meeting provisions of this Clause
where a dumpling temporarily obstructs the free drainage of a cutting. In
such circumstances the Contractor shall construct temporary drains to a
suitable outfall or install the permanent drainage through the dumplings.

The Contractor shall take special care that naturally occurring materials
within the site are not rendered unsuitable by his method of working. Areas
of cuttings and excavation shall be so worked that rainfall is conducted
rapidly away from the exposed material and at times of expected heavy rain
that the cutting areas are protected by appropriate methods of working and
drainage provisions. If any material that was suitable in its original position
is rendered unsuitable by the Contractor's method of working an equivalent
volume of imported Suitable Material shall be provided by the Contractor at
his own expense.

If the Contractor allows exposed material, which would provide a suitable
surface for placement of fill when exposed, to reach a condition where
compaction of backfilling is impracticable, he shall make good at his own
expense either by additional excavation and filling in the manner specified
in this clause, or by waiting until the condition of the exposed material is fit
to receive the approved backfill.

All Top Soil (including turf) shall be removed from the areas of cuttings and
embankments. Top Soil shall also be removed from existing embankments
required to receive paving or additional fill and from areas of new ditches
and watercourses. All removed Top Soil shall, where practicable, be
stockpiled for re-use to soil slopes of cuttings, embankments, berms,
verges, reserves and for the provision of beds for the cultivation of trees and
shrubs.

The Contractor shall make his own arrangements for stockpiling of Top Soll
and/or Suitable Material, and for the provision of appropriate areas for the
purpose.

All excavated Suitable Material together with the surplus from the trenches
and foundation pits after backfilling shall, where possible, be incorporated in
the Works and the Contractor shall programme his work to ensure that all
possible material can be utilised. No excavated Suitable Material which
could subsequently be utilised in the works shall be removed from the Site
except on the direction or with the permission of the Engineer. Should the
Contractor be permitted to remove Suitable Material from the Site to suit his
operational procedure, then he shall make good at his own expense any
consequent deficit of filling arising therefrom.

Surplus excavated materials arising from excavation and not required for
filling shall become the responsibility of the Contractor who shall remove
such surplus away from the site.
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Where the excavation reveals a combination of Suitable and Not Suitable
Materials the Contractor shall, unless otherwise agreed by the Engineer,
carry out the excavation in such a manner that the Suitable Materials are
excavated separately for use in the Works without contamination by the Not
Suitable Materials.

The use of Top Soil shall be restricted to surface layers for planting and
turfing.

EXCAVATION GENERAL

Excavation shall be carried out to the dimensions, lines, levels and slopes
as indicated on the Drawings. If the Contractor excavates deeper than the
depths shown on the Drawings or as instructed by the Engineer, then he
shall fill in such excessive depths with Suitable Materials to the
acceptance of the Engineer.

The bottom of all excavations shall be free from mud and water, trimmed
clean, protected from the effects of weather and thoroughly compacted
and consolidated by approved manners and means.

The Contractor shall be responsible to excavate the top 1m of soft or
defective soil below the formation level and backfill with Suitable Material.
Such backfill shall be well compacted in layers of accepted thickness. For
road construction, additional requirements for subgrade as stated in
Chapter 10 Roadworks shall be complied with.

Brick and concrete foundations to building structures removed during
excavation may be incorporated in fill areas, subject to the acceptance of
the Engineer. All such material together with any brick or concrete site
clearance material permitted by the Engineer shall be regarded as Selected
Fill to which the requirements of Clause 4.2.1 (h) and Clause 4.12 apply.

CUTTINGS AND CUT SLOPES
General

Unless otherwise specified, no portion of the earth cutting shall vary from
the specified or ordered formation level by an amount exceeding 150mm.
In the case of cut slopes, no portion of the completed slope shall vary by
an amount exceeding 100mm (measured at right angles to the slope).

In all cuttings, whether in earth or rock, undulations in the general plane of
the slope will not be permitted.

Unless otherwise specified, excavation in rock shall extend to at least
150mm below the specified formation level and backfilled with approved
materials.
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Any overhanging, loose or unstable material, shall be removed.

The excavation shall be so arranged that the working areas are
adequately drained throughout the period of construction.

In cutting where the strata consists of earth overlaying rock which is
required to be cut to a slope of 1 (H) : 2 (V) or steeper, the face of the
rock shall be given its appropriate slope up to the junction of the rock and
earth and the latter shall be stripped to form a bench 900mm wide and
sloped to the gradient as specified.

For permanent slope in soil, which are trimmed or backfilled to 2 (H) : 1 (V)
gradient and which has a total slope height greater than 4m, geocell or
similar cellular confinement system for turfed slope shall be installed to
prevent soil erosion.

Geocell shall meet the following requirements listed in Table 4.1.

TABLE 4.1 Geocell Requirements

Property Value Test Method

Material High density -

polyethylene (HDPE)
Density Min. 0.94 g/cm? ASTM D 1505
Carbon Black Content | Min. 1.5% ASTM D 1603
Environmental Stress Min. 4000 hr ASTM D 1693
Crack Resistance
Nominal sheet Min. 1.2mm ASTM D 5199
thickness smooth
Nominal sheet Min. 1.5mm ASTM D 5199
thickness textured
Cell depth Min. 200mm -
Seam Peel Strength Min. 1.42 kN/100mm U.S. Army Corps of

depth cell Engineers, Technical

Report GL 86-19
Appendix A

Seam Hang Strength A 102mm weld joint -

supporting a load of

72.5kg for 30 days

minimum, or a 102mm

weld joint supporting a

load of 72.5kg for 7

days minimum while

undergoing

temperature change

from 23°C to 54°C on a

one hour cycle
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When the total slope height is greater that 6m, benches and berms shall be
installed so that each berm height is less than 6m.

Shotcrete to Exposed Slopes

Shotcrete shall be applied to form a skin protection on slopes where
specified on the drawing to prevent erosion and weathering.

The minimum thickness and characteristic strength of the shotcrete shall
be 50 mm and 10MPa respectively. The shotcrete should be applied on
an exposed slope face as soon as possible, but no later than 24 hours
after cutting.

The design mix of the shotcrete shall be such that it is pumpable and the
end product will adhere to the slope surface.

In order to provide for drainage of the slope surface, weepholes shall be
provided through the shotcrete and 200mm into the soil or rock at 3m
intervals in both horizontal and vertical directions.

REMOVAL OF ROCKS AND OTHER BLASTING

Should rock be met in the course of excavation, it shall be removed by
approved means.

The written consent of the Engineer shall be obtained on each occasion the
Contractor wishes to use explosives. If explosives are to be used, the
Contractor shall obtain all necessary licences from the appropriate
authorities and shall conform to all Government regulations relating to
transport, storage, handling and use of the explosives and shall also
conform to the rules set out by the Officer-in-Charge of Arms and
Explosives.

The Engineer shall be fully informed by the Contractor as to the steps and
precautionary measures taken to safeguard the surrounding properties. The
Contractor shall be liable for any accident, damage or injury to any person
property or thing, resulting from the use of explosives. When blasting is
proposed to be carried out, the Contractor shall determine the danger
zone likely to be created and ensure that no damage is caused to persons
or property on or off site. Prior to commencing blasting operations a written
report listing any existing defects in the structures in the zone which may be
affected, supported by photographs where necessary, shall be submitted to
the Engineer by the Contractor. The Contractor shall submit a detailed
Method Statement, Risk Assessment Report, and Mitigation Measures to
the Engineer for acceptance.

When blasting operations are being carried out, any road affected shall be
closed to traffic and the appropriate signs shall be erected in accordance
with the latest “Code of Practice for Traffic Control at Work Zone”
published by the Land Transport Authority.
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The Contractor shall comply with the requirements of BS PD CLC/TR 50426
in respect of the use of electrical detonators in the vicinity of static and
mobile radio transmitters including normal radio and television broadcasting
stations and radar units associated with aircraft movements.

EXCAVATION OF PITS AND TRENCHES

Where required by the nature of the materials to be excavated, the
Contractor shall provide all necessary timber planking, strutting and
shoring required to uphold the face of the excavation and any necessary
stagings. The Contractor shall be responsible for the design, supply, fixing
and removal of all planking and strutting required. The planking and
strutting shall be of sufficient strength to resist all anticipated loadings, to
ensure the safety of the workmen and to prevent damage to any adjoining

property.

Alternatively, subject to the prior acceptance of the Engineer, the face of
the excavation may be suitably battered.

The bottom of all excavations shall be to the correct levels as shown on
the Drawings. Any over-excavation of foundation pits or trenches below
the specified levels shall be filled with grade 15 concrete to the specified
levels. Any pocket of soft material or loose rock in the bottoms of pits and
trenches shall be removed and the resulting cavities and any large
fissures filled with Grade 15 concrete or otherwise with Suitable Material.
After the placing of any such concrete, no trimming of the side faces shall
be carried out for within 24 hours.

No length of trench greater than the allowable as specified in the
approved method statement for excavation shall be excavated at any one
time unless accepted by the Engineer. All surplus spoil shall be removed
immediately on excavation and stacked spoil for filling shall be kept tidy at
all times.

All excavated materials from such excavations not required for backfilling
shall be disposed of in accordance with the requirements of the Contract.

BACKFILLING OF PITS AND TRENCHES

Unless otherwise shown on the Drawings, all filling for this purpose shall
consist of Suitable Material as defined in Clause 4.2, deposited and
compacted by approved plant in accordance with Clause 4.12. Timber
planking, strutting, shoring and other excavation supports shall be carefully
removed as the filling proceeds except where they are required by the
Contract to be left in position. The removal of such supports will not relieve
the Contractor of his responsibilities for the stability of the Works.
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FILLING GENERAL

Filling works shall include the preparation and compaction as specified
under Clause 4.12.

All filling material, whether placed and/or compacted or awaiting placing
and/or compaction which, in the opinion of the Engineer does not comply
with this Specification or has been damaged by weather or in any other
way, shall be removed and replaced at the Contractor’s expense.

When the state of the weather is such that, in the opinion of the Engineer,
it would adversely affect the placing of specially compacted fill, all such
work shall be stopped.

End tipping of fill shall not be permitted except in special circumstances
and then only with the acceptance of the Engineer. The end-tipped
material shall be compacted to the requirements as specified in Clause
4.12.

FOUNDATION FOR FILLS

Unless otherwise specified, the natural ground over which filling is to be
placed shall be cleared of all loose boulders, grass, topsoil, bushes, trees,
roots and other vegetation. Material shall be removed to such depths and
over such areas as are acceptable to the Engineer, and shall be disposed of
in a manner depending on its nature and condition at the time. The resultant
excavation shall be backfilled with Suitable Material as defined in Clause
4.2, deposited and compacted as specified in Clause 4.12.

Before the placing of fill commences any overhanging rock ledges or
caves within the area to be filled shall be removed.

The construction of any section of a fill shall not commence until the
formation for that section has been accepted by the Engineer.

Where shown on the Drawings, Imported Rock Fill shall be placed directly
on naturally occurring Not Suitable Material. The Imported Rock Fill material
shall be deposited and compacted so as to comply with the requirements of
Clause 4.12 for the compaction of Rock.

In circumstances where backfill has to be deposited below standing water
the Contractor shall use only Imported Rock Fill as defined in Clause 4.2.
Such material may be deposited below water without the associated use of
compaction plant.



Engineering Group Document E/GD/09/104/A2
M&W for Civil & Structural Works MW /4 /10

411

4111

4.11.2

4.11.3

411.4

4.11.5

4.11.6

Sep 2020

EMBANKMENTS AND FILL SLOPES

Embankments and other areas of fill shall be formed of Suitable Material as
defined in Clause 4.2, taken to include Imported Fill Material, Rock and
Imported Rock Fill. Additionally, when permitted by the Engineer, material
including imported material, which is wetter than the appropriate limit may
be incorporated after drying, in accordance with Clause 4.2.

All earthworks material placed in or below embankments, below formation
level in cuttings or elsewhere in the Works shall be deposited and
compacted as soon as practicable after excavation in layers of thickness
appropriate to the compaction plant used as permitted in Table 4.2. Except
where staging arrangements render it impracticable, embankments shall be
built up evenly over the full width and shall be maintained at all times with a
sufficient camber and a surface sufficiently even to enable surface water to
drain readily from them. During the construction of embankments the
Contractor shall control and direct construction traffic uniformly over their full
width. Damage to compacted layers by construction traffic shall be made
good by the Contractor at his own expense.

Compaction of embankments and other areas of fill shall be undertaken to
the requirements of Clause 4.12.

If the material deposited as fill subsequently reaches a condition such that it
cannot be compacted in accordance with the requirements of the Contract,
the Contractor shall as directed or accepted by the Engineer either:

(@) make good by removing the material off the embankment and
replacing it with Suitable Material; or

(b) make good the material by mechanical or chemical means to improve
its stability, or

(c) cease work on the material until its physical condition is again such
that it can be compacted as required.

Rock used in rock fill embankments shall, except for any specified external
cover to slopes or within 500mm of formation levels, be of such size that it
can be deposited in horizontal layers each not exceeding 450mm loose
depth and extending over the full available width of the embankment.
Material shall be spread and levelled by a crawler tractor weighing not less
than 15 tonnes and compacted in accordance with Clause 4.12. Each layer
shall consist of well-graded rock and all surface voids shall be filled with fine
graded materials before the next layer is placed. The top surface and side
slopes of embankments so formed shall be thoroughly blinded with
approved fine graded material to seal the surface. Such material may on
side slopes and verges be Top Soil as defined in Clause 4.2.

Isolated boulders each within the range 0.02m? to 0.10m? in size may be
incorporated in earth embankments provided that the specified compaction
requirements are met and no stone exceeding 0.02m? shall be placed less
than 0.5m below the top of the embankment fill.
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In constructing embankments up to and over culverts, pipe drains and
bridges, the Contractor shall bring the embankments up equally on both
sides. The requirements of Clause 4.13 shall also be applicable. Filling may
proceed over widths less than the full width of the embankment and in steps
not exceeding the depth of one layer above the adjoining area of fill.

If the Contractor wishes to use the surface of embankments for construction
traffic before trimming to formation level, he shall bring up and maintain the
area to a level not less than 150mm above formation level, whereupon
construction traffic will be allowed to use the surface so formed, but any
damage to the subgrade caused by the use of such surface shall be made
good by the Contractor at his own expense.

In areas of shallow filling where after any removal of Top Soil the ground
level is within 300mm of formation level, construction traffic shall not use the
surface unless the Contractor brings up and maintains the surface level at
least 300mm above formation level. Any damage to the subgrade arising
from such use shall be made good by the Contractor at his own expense
with material having the same characteristics as the subgrade material.

The slope faces of embankments or other fill areas shall be formed by
overfilling, cutting back and trimming neatly to the determined profile.

The designed embankment slopes shall be reviewed by the Contractor to
take account of the actual nature of the fill material, and shall be adjusted
to if necessary to the acceptance of the Engineer.

When completed, the average planes of the slopes of embankments shall
conform to those shown on the Drawings or otherwise determined. No
point on the completed slope shall vary from the required slope by an
amount exceeding 150mm measured at right angles to the slope.
Undulations in the general plane of the slope shall not be permitted.

COMPACTION OF FILL
General

All materials shall be compacted in layers as soon as practicable after
deposition.

Before commencing any filling, each class of material to be compacted
shall be tested by a SAC-SINGLAS accredited laboratory to establish the
maximum value of the dry density that can be obtained and the optimum
moisture content for compaction. Testing shall be in accordance with BS
1377.
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Table 4.2 may be used as a guide in establishing appropriate in-situ
compaction methods. The depth of each compacted layer shall be
compatible with the compaction plant used and shall not be greater than
the maximum depth of compacted layer specified for each type of
compaction plant. Earthmoving plant will not be accepted as compaction
equipment. Variations from the methods given in this table, or the use of
plant not included therein, will be permitted only if the Contractor
demonstrates to the satisfaction of the Engineer at site trials that the
required field density will be achieved.

The method of compaction being used must produce a compacted fill
material having a field density of at least the following percentage of the
maximum dry density previously established for that material:

(@) 95% in the case of material within 500mm of formation level

(b) 90% in the case of material more than 500mm below formation level

Notwithstanding compliance with Table 4.2, the Contractor must verify by
site tests that the required field density is being achieved and make any
adjustments to his compaction methods, which may be necessary

Field density shall be determined by in-situ tests in accordance with
BS 1377. Each layer of fill shall be tested and accepted by the Engineer
prior to the placing of the next layer. At least 3 in-situ field density tests
shall be carried out for every 300m? or less of surface area of each
compacted layer. In-situ field density tests shall be carried out by Sand
Replacement Method or Water Displacement Method or Nuclear Method
in accordance with BS 1377. Where Nuclear Method is used, it shall be
calibrated to Sand Replacement Method or Water Displacement Method.

The moisture content of the in-situ material during compaction shall be
maintained as close to the optimum moisture content as possible. If
necessary, this shall be adjusted by wetting or drying on site to enable the
required in-situ field densities of the fill material to be obtained
consistently.

When materials of widely divergent characteristics are wused In
embankments and fill areas they shall be spread and compacted in separate
clearly defined areas in such a manner as to comply with the requirements
of Clause 4.12.1.

If more than one class of material is being used in such a way that is not
practicable to define the areas in which each class occurs, compaction plant
shall be operated as if only the material which requires the greatest
compaction effort is being compacted.
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The following requirements are applicable to Rock used as fill material. Each
layer of Rock used as rock fill in embankments shall be spread and levelled
in accordance with Clause 4.11 and systematically compacted by at least 12
passes of a towed vibratory roller with a static load per metre width of roll of
at least 1800kg or a grid roller with a load per metre width of roll of at least
8000kg or other approved plant. Where, however, the rock contains
sufficient soft material for satisfactory compaction to the requirements of
Table 4.2 for well graded granular soil, the fill shall be compacted to the
latter requirements.

In order that the Engineer may make proper provision for the supervision of
compaction in the permanent work, the Contractor shall, not less than 24
hours before he proposes to carry out compaction processes during periods
of overtime, apply in writing to the Engineer for permission to do so.

Compaction by Mechanical Plant

Table 4.2 gives requirements for compaction of soil by mechanical plant.
This table is to be read in accordance with the following definitions:

(@) The depth of compacted layer is the height by which an embankment
is raised by each successive compacted layers.

(b) The number of passes is the number of times that each point on the
surface of the layer being compacted has been traversed by the
compaction plant (or struck in the case of power rammers or
dropping weight compactors).

The effective width of a pneumatic-tyred roller, for this purpose, is
the sum of the widths of the individual wheel tracks together with the
sum of the spacing between the wheel tracks provided that each
spacing does not exceed 230mm. Where the spacing exceeds
230mm the effective width shall be taken as the sum of the widths of
the individual wheel tracks only.

(c) The force per 100mm width of roll is the total weight on the roller
divided by the total roll width. Where a smooth-wheeled roller has
more than one axle the machine shall be assessed on the basis of
the axle giving the highest value of force per 100mm width. Wheel
load is the total weight of the roller divided by number of wheels.

(d) Tamping rollers are machines with a roll or rolls from which ‘feet'
project. The projected end area of each 'foot' shall exceed 0.01m? and
the sum of the areas of the feet shall exceed 15 per cent of the area of
the cylinder swept by the ends of the feet. The requirements for
tamping rollers apply to machines that have 2 rolls in tandem. If only
one tamping roll traverses each point on the surface of the layer on
any one pass of the machine, the minimum number of passes shall be
twice the number given in Table 4.2.
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(f)

(9)

(h)

Vibratory rollers are self propelled or towed rollers having means of
applying mechanical vibration to one or more rolls.

The requirements for vibratory rollers are based on the use of the
lowest gear on a self propelled machine and a towing speed of 1800
- 2400m/hr for a towed machine. If higher gears or speeds are used,
an increased number of passes shall be provided in proportion to the
increase in speed of travel.

Where the mechanical vibration is applied to two rolls in tandem, the
minimum number of passes shall be half the number given in Table
4.2 for the appropriate mass per metre width of one vibrating roll. If
one roll differs in mass per metre width from the other the number of
passes shall be calculated as for the roll with the smallest value.
Alternatively the machine may be treated as having a single vibrating
roll with a mass per metre width equal to that of the roll with the higher
value.

Vibratory type rollers operating without vibration will be classified as
smooth wheeled rollers.

Vibratory rollers shall only be operated with their vibration
mechanism operating at the frequency of vibration recommended by
the manufacturers. All such rollers shall be equipped with a device
automatically indicating the frequency at which the mechanism is
operating

Vibrating-plate compactors are machines having a base plate to
which is attached a source of vibration consisting of one or two
eccentrically weighted shafts.

The static pressure under the plate of a vibrating-plate compactor is
calculated by dividing the total weight of the machine in working
order by the area in contact with compacted material.

Vibrating-plate compactors shall be operated at the frequency of
vibration recommended by the manufacturer. They shall normally be
operated at travelling speeds of less than 900m/hr but, if higher
speeds are necessary, the number of passes shall be increased in
proportion to the increase in speed of travel.

Vibro-tampers are machines in which an engine-driven reciprocating
mechanism acts on a spring system, through which oscillations are
set up in a base plate.

Power rammers are machines which are actuated by explosions in
an internal combustion cylinder, each explosion being controlled
manually by the operator.

In the case of power rammers and dropping weight compactors one
pass will be considered as made when the compacting, shoe has
made contiguous strikes on the whole of the area to be compacted.
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(i) For items marked with an asterisk (*), the rollers shall be towed by
track-laying tractors. Self-propelled rollers are unsuitable.

() Where combination of different types of categories of plant are used,
the compaction requirements shall be:

The depth of layer shall be that for the type of plant requiring the
least depth of layer.

The number of passes shall be that for the type of plant requiring the
greatest number of passes

However, where the Contractor uses a lighter type of plant to provide
some preliminary compaction only to assist the use of heavier plant, this
shall be disregarded in assessing the above requirements.

FILL ADJACENT TO BRIDGE ABUTMENTS, CULVERTS, RETAINING
WALLS AND UNDERGROUND STRUCTURES

Where structures against which backfill is to be placed have weepholes, a
filter drain layer shall be provided. The filter drain shall consist of clean,
hard and durable broken stones or hardcore conforming to the grading
specified in Table 4.3. The larger stones shall be placed adjacent to the
weepholes and the smaller particles behind and above the larger
particles.

The filter drain shall extend horizontally across the whole width of the
structures. Unless otherwise stated, it shall have a width of 300mm and
shall vertically cover every weephole by at least 300mm.

Where a waterproofing membrane system is being applied progressively
up an external wall of an underground structure, backfill shall not progress
above a level 500mm below the top of the membrane at any stage, until
the next section of the membrane above has been applied and bonded to
the stage in question.

Within the limits defined in Table 4.4, adjacent to all structures, Special Fill
Material as defined in Clause 4.2 shall be provided. Fill shall be placed in
horizontal layers of thickness appropriate to the compacting plant used
and shall be compacted with care to the density specified in Clause 4.12
for fill material.
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Type of Category Cohesive Soil Well-graded granular Uniformly-graded
Compaction and dry cohesive soils materials
Plant Max depth Min No. Max depth Min No. Max depth Min No.
of of of of of Of
compacted passes | compacted passes | compacted passes
layer (mm) layer (mm) layer (mm)
Smooth- Force per 100
wheeled roller | mm width
2.1-2.6 kN 125 125 10 125 10*
2.61-52kN 125 6 125 8 125 8*
vore than 5.2 150 4 150 8 Unsuitable
Gridroller Force per 100
mm width
2.6 -5.2 kN 150 10 Unsuitable 150 10
5.3-7.8kN 150 8 125 12 Unsuitable
vore than 7.8 150 4 150 12 Unsuitable
Tamping roller a/ll\cl)re than 40 295 4 150 12 250 4
Pneumatic- Wheel Load
tyred roller 1- 1.5 tonnes 125 6 Unsuitable 150 10*
1.5- 2 tonnes 150 5 Unsuitable Unsuitable
2— 2.5 tonnes 175 6 125 12 Unsuitable
2.5- 4 tonnes 225 5 125 10 Unsuitable
4 — 6 tonnes 300 4 125 10 Unsuitable
6 - 8 tonnes 350 4 150 8 Unsuitable
8 - 12 tonnes 400 4 150 8 Unsuitable
gﬂzo':g;g:g 450 4 175 6 Unsuitable
Vibratory roller | Force per 100
mm width
0.25 - 0.45 kN Unsuitable 75 16 150 16
0.46 - 0.70 kN Unsuitable 75 12 150 12
0.71-1.25 kN 100 12 125 12 150 6
1.26-1.75 kN 125 8 150 8 200 10*
1.76-2.30 kN 150 4 150 4 225 12*
2.31-2.80 kN 175 4 175 4 250 10*
2.81-3.50 kN 200 4 200 4 275 8*
3.51-4.20 kN 225 4 225 4 300 8*
4.21-4.90 kN 250 4 250 4 300 8*
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Type of Category Cohesive Soil Well-graded granular Uniformly-graded
Compaction and dry cohesive soils materials
Plant Max depth Min No. Max depth Min No. Max depth Min No.
of of of of of Of
compacted | passes | compacted passes | compacted passes
layer (mm) layer (mm) layer (mm)
Vibrating plate | Static pressure
compacter under base
plate
8.6-10.3 . .
KN/m?2 Unsuitable Unsuitable 75 6
10.3-12.1 .
KN/m2 Unsuitable 75 10 100 6
12.1-13.8 .
KN/m2 Unsuitable 75 10 150 6
13.8-17.2
KN/m? 100 125 6 150 4
17.2-20.7
KN/m?2 150 150 5 200 4
More than
20.7 kKN/m? 200 200 5 250 4
Vibro-tamper Mass
kilogramme
50 - 65 100 100 3 150 3
65-75 125 125 200
More than 75 200 200 225
Power rammer | Mass (kg)
100 150 150 6 Unsuitable
More than 150 275 275 12 Unsuitable
Dropping Weight of
weight Hammer over
compactor 5kN
Drop 1mto 2m 600 600 8 450 8
Drop over 2m 600 600 4 Unsuitable
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BS Sieve Size Percentage by weight passing
63 mm 100
37.5 mm 85 - 100
20 mm 0-20
10 mm 0-5
3.35 mm 0

TABLE 4.4 Special Fill Adjacent to Abutments, Culvert and Retaining

Walls
Structure Minimum Width of Special Fill
Bridge Abutment & Wingwalls 2m
Culvert wingwalls H/3

Retaining walls

H/3 or full width of base
whichever is greater

Barrels of box culverts

H/3

Barrels of pipe culverts

600 mm all round

(H = height of structure)

4.13.5

For framed structures, fill at both ends of the structure shall be brought up

simultaneously with the difference in levels of fills at both ends limited to

600mm.

4.13.6

No fill shall be placed against concrete structures within 28 days after

placing concrete unless the Contractor has provided sufficient supports to
the walls to the acceptance of the Engineer. He may also be required to
submit calculations to show that no damage to the concrete structures will
be caused by his backfilling earlier than 28 days.
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4.14 PREPARATION OF RAIL TRACK FORMATION SURFACE

4141 These requirements are applicable to track formation for ballasted track.

4.14.2 Preparation of the formation surface shall be carried out only after
completion of any specified sub-grade drainage, piped drains, services
and ducts and, unless otherwise accepted by the Engineer, immediately
prior to laying sub-ballast.

4.14.3 The material for a depth of 1 metre below the formation and extending to
the side slopes shall be considered to be part of the track support
structure. In addition to the earthwork requirements contained elsewhere
in this Specification, the following requirements shall apply:

(a) Plate bearing tests using 300mm diameter plates shall be performed
at a rate of 1 test per 50m? giving the following minimum values of
modulus of deformation:

(i) at formation level: 60MN/m?

(i) at 500mm below formation level: 45MN/m?

The following requirement shall be obtained for the two layers of
500mm each below formation level, expressed as a proportion of the
maximum dry density as defined by standard proctor test.

(i) Top layer: 95%

(iv) Nextlayer: 90%

(b) The formation shall be regulated and trimmed to comply with the
following tolerances:

() Max. deviation from specified levels: +20mm, - 40mm
(i) Max. deviation under 5m straight edge: 30mm
(i) Side slope on formation: 5%

(c) The finished formation shall, after reinstatement of any soft areas, be
well cleaned and free from mud and slurry.

4.15 PREPARATION FOR CULTIVATION WITH SPOT AND CLOSE TURFING

4.15.1 Earthwork slopes shall be trimmed and cultivated after each cutting or
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embankment has been completed.
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4.15.2

4.16

Sep 2020

Areas to be cultivated with grass shall be covered with topsoil accepted by
the Engineer and lightly rolled to a compacted thickness of 50mm or as
specified before laying turf in accordance with Chapter 18 Turfing and
Planting.

GEOTEXTILE

Unless otherwise specified, geotextiles shall be non-woven and shall be
made of polypropylene, polyethylene, polyester or a combination of the
aforesaid materials. Geotextiles shall not be susceptible to bacteria and
fungus attack and shall be resistant to chemical action and not affected by
exposure to ultra-violet light. Where the geotextiles serve a separation or
reinforcement function, class A geotextile shall be used. Where the
geotextiles serve a filtration function, class B geotextiles shall be used.
The requirements for class A and class B geotextiles shall be as specified
in Table 4.5. The Contractor shall submit method of laying and jointing to
the Engineer for acceptance prior to commencement of work

TABLE 4.5 Physical Properties of Geotextiles

Class of Geotextile

Physical Propert Specification
Y perty Class A Class B P

Minimum Unit ASTM D5261 or

Weight, g/m? 125 50 1SO 9864

Minimum Grab

Tensile Strength, 530 270 ASTM D4632

N

Minimum ASTM D4595 or

Elongation To 60 55 1SO 10319

Break, %

Minimum

Trapezoidal Tear 180 80 ASTM D4533

Strength, N

Water Manufacturer’s

Permeability, 2.0x102 2.7x107? test report to be

cm/sec submitted
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CHAPTER 5
PILING
51 GENERAL REQUIREMENTS FOR PILING WORK
51.1 General

The Contractor shall comply fully with the relevant recommendations of
SS EN 1997-1 and the requirements of this Chapter.

51.2 Tolerances
5.1.2.1 Setting Out

The Contractor shall establish the lines, levels and positions of all piles.
The pile positions shall be identified with suitable markers. When casings
are used, the positions shall be checked during and after installations.

51.2.2 Position

The eccentricity tolerance shall not exceed 75mm in any direction at pile
cut off level. A Registered Surveyor shall be engaged by the Contractor
to carry out eccentricity survey of each pile. The results shall be
submitted to the Engineer within 14 days after the pile has been trimmed
to its cut-off level.

5.1.2.3 Verticality

For vertical piles, the maximum permitted deviation of the finished pile
from the vertical is 1 in 75.

5124 Rake

For raked piles, the piling rig shall be set and maintained to attain the
required rake. The maximum permitted deviation of the finished pile from
the specified rake is 1 in 25.

5.1.3 Forcible Correction

Installed piles shall not be subjected to any forces (direct or indirect) prior
to their incorporation into the superstructure. Cracks, tilting or bending of
piles are sufficient evidence that undesirable forces had been imposed on
the piles. Suspected piles may be rejected at the discretion of the
Engineer.
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5.14

5.1.5

5.1.6

5.1.7

5.1.7.1

5.1.7.2

5.1.7.3

5.1.7.4

5.1.7.5
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Replacement of Piles

Any piles cracked, deformed, twisted or otherwise damaged in anyway or
not installed within the specified tolerance shall be rejected at the
discretion of the Engineer and replaced or supplemented by substitute
piles by the Contractor. The pile caps, compensating piles, and any other
necessary measures, shall be designed and constructed by the
Contractor.

Ultimate Load Test

The Permanent Works Piles shall not proceed until the ultimate load
testing of the preliminary piles has been completed to the acceptance of
the Engineer.

Piling near Recently Cast Piles

No pile or casing shall be installed within five times its diameter
(measured centre to centre) from an unfilled pile excavation or from an
uncased concrete pile where the concrete has been in place for less than
24 hours.

Piling in Limestones

The presence of cavity shall be considered in the construction of pile
foundations in the limestones of the Jurong Formation.

At least 1 cavity probing using rock coring methods shall be conducted
at the location of a pile within every pile group. Each cavity probing
shall terminate after achieving a continuous core sample without
cavities for a minimum depth of five times the pile diameter below its
founding level. If cavity is encountered, additional cavity probing shall
be conducted at the locations of all piles within the pile group. Upon
completion of cavity probing, the rock coring within and below the pile
location shall be properly grouted. The grout shall be of non-shrink type
and be of similar compressive strength as the concrete pile.

Piles through cavities may be constructed by the provision of steel
casing in the cavity zone or filling the cavity with low strength concrete
or grout prior to pile casting. Any contribution of shaft friction resistance
to pile capacity within the cavity zone shall be ignored.

All piles shall be founded on cavity free limestone which extends at
least 5 times pile diameter below its founding level. Otherwise, any
contribution to pile capacity (including the end-bearing resistance) for
the section of pile affected by the cavity shall be ignored, and pile
capacity shall be derived purely from its shaft friction in non-cavity
zones.

The method of designing and constructing pile foundations affected by
cavity shall be subject to the Engineer’s acceptance.
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5.1.8

5.1.9
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Records

The Contractor shall keep records as indicated by an asterisk in Table 5.1
of the installation of each pile and shall submit two copies of these
records to the Engineer not later than noon of the next working day after
the pile was installed. Any unusual or difficult driving or boring operation
shall be noted in the record.

As-Built Details

The Contractor shall submit as-built details of the piling works including
soil conditions encountered during boring on completion of all piling for a
section of work. The as-built pile depths, eccentricity, cut-off-level, socket
length into founding strata shall be plotted on drawings for all piles
constructed and submitted to the Engineer within 4 weeks upon
completing the works, including any preliminary piles that are not
removed. The As-Built drawings shall be endorsed by a Registered
Surveyor of the Contractor.
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Table 5.1 - Records
Driven Bored Driven
precast castin | castin
DATA concrete | place place
or steel piles piles
piles
(@) Contract * * *
(b) Pile reference number (location) * * *
(c) Piletype * * *
(d) Nominal cross-sectional * * *
dimensions or diameter
(e) Nominal diameter of underream - * -
(H  Length of preformed pile * - -
(g) Standing groundwater level - * -
(h) Date and time of driving, re-driving * * *
or boring
(i) Date of concreting - * *
() Ground level at commencement of * * *
installation of pile
(k)  Working level * * *
()  Depth from working level to pile * * *
toe
(m) Toe level * * *
(n) Depth from working level to pile - * *
head level
(0) Length of temporary casing - * *
(p) Length of permanent casing - * *
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DATA

Driven
precast
concrete
or steel
piles

Bored
castin
place
piles

Driven
castin
place
piles

(@)

Type, weight, drop and
mechanical condition of hammer
and equivalent information for
other equipment

*

(n

Number and type of packing used
and type and condition of dolly
used during driving the pile

(s)

Set of pile in mm per 10 blows

®

If required, the sets taken at
intervals during the last 3m of
driving

(u)

If required, temporary
compression of ground and pile
from time of a marked increase in
driving resistance until pile
reaches its final level

v)

Soil samples taken and in-situ
tests carried out

(W)

Length and details of
reinforcement

()

Concrete mix

v)

Volume of concrete supplied to
pile where this can be measured
in practice

@)

All information regarding
obstructions/delays and other
Interruptions to the sequence of
work
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5.2

5.2.1

5.2.2

5221

52211

5.22.1.2

52213

5.2214

5222

Sep 2020

E/GD/09/104/A2
MW /5/6

REQUIREMENTS FOR REINFORCED CONCRETE IN PILES
General

Unless otherwise specified in this Section, the requirements in Chapter
11, Concrete and Reinforcement Bars shall apply to the construction of
all concrete piles. Where sulphates are found in soil or ground water,
sulphate resisting cement shall be used.

Cast In-situ Concrete Piles
General

The method of placing and the workability of the concrete shall be such
that a continuous monolithic concrete shaft of the full cross-section is
formed.

The method of placing shall be accepted by the Engineer. If necessary,
the Contractor shall incorporate an accepted set-retarding additive into
the mix in order to ensure extended workability of the concrete after
placement.

The pile shall be rejected if the interval of concreting is delayed such that
initial set of previously placed batch of concrete has occurred

The Contractor shall take all precautions in the design of the mix and
placing of the concrete to avoid arching of the concrete in a casing. No
spoil, liquid or other foreign matter shall be allowed to contaminate the
concrete.

Workability of Concrete
Slump measured at the time of discharge into the pile shaft or at the

time of discharge into the concrete pump hopper shall be in accordance
with the standards shown in Table 5.2, unless otherwise accepted.

TABLE 5.2
Slump
Class of Typical condition of use
Workability Minimum Maximum yp
(mm) (mm)
A 75 125 Placed into water-free shaft
B 150 200 Where concrete is to be
placed by tremie under
drilling fluid
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5.2.2.3 Compaction
Internal vibrators shall not be used to compact concrete in the cast in-situ
piles.
5.2.2.4 Placing and Cleaning of Reinforcement

The steel reinforcement shall be cleaned before being lowered accurately
into position with sufficient spacer blocks to ensure the correct cover is
maintained at all times. The steel reinforcement cage shall be adequately
stiffened against collapse due to side-sway.

5.2.2.5 Placing Concrete in Dry Shafts

If the pile shaft is completely dry and stable, the Engineer may at his
discretion, allow concrete to be discharged directly into the shaft. Before
placing of concrete, all loose materials must be cleaned out.

Accepted measures shall be taken to avoid loosening of the sidewalls of
the shaft, concrete segregation and bleeding and to ensure that the
concrete at the bottom of the shaft is not deficient in grout.

5.2.2.6 Placing Concrete under Water or under Drilling Fluid

5.2.2.6.1 Concrete to be placed under water or drilling fluid shall be placed using a
tremie pipe. Direct placement from a drop bottom bucket or hose from a
concrete pump will not be accepted. At no stage shall concrete be
discharged freely into the water or drilling fluid.

5.2.2.6.2 Before placing concrete, the Contractor shall ensure, by a method
acceptable to the Engineer, that there is no accumulation of silt or other
material at the base of the shatft.

5.2.2.6.3 The Contractor shall ensure that contaminated bentonite suspension,
which could impair the free flow of concrete from the tremie pipe has not
accumulated at the bottom of the shaft.

5.2.2.6.4 A sample of the bentonite suspension shall be taken from the base of the
shaft using an accepted sampling device. If the specific gravity of the
suspension exceeds 1.25, the placing of concrete shall not proceed. In
this event, the Contractor shall modify or replace the bentonite as agreed
to meet the Specification.

5.2.2.6.5 The internal diameter of the tremie pipe shall not be less than 250mm.
The hopper and tremie pipe shall be clean and watertight throughout.
Before any set of tremie pipe is allowed to be used, a watertightness test
shall be carried out. Thereafter, the order of tremie tube connections shall
not be changed until the next watertightness test. The Contractor shall
carry out the watertightness test at the discretion of the Engineer
whenever water is found inside the tremie tubes during concreting.
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5.2.2.6.6

5.2.2.6.7

5.2.2.7

5.2.2.8

5.2.3

5.23.1

52311

52312

5.23.1.3

5.2.3.2
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The pipe shall extend to the base of the shaft and a sliding plug or barrier
shall be placed in the pipe to prevent direct contact between the first
discharge of concrete in the tremie pipe and the water or drilling fluid. The
plug or barrier shall not be retained in the mass of the concrete.

The tremie pipe outlet shall be kept at least 3 metre below the surface of
the concrete at all stages in the pour. The Contractor shall develop a
system to ensure that this requirement is met.

Trimming of Pile Head

The pile shall be cast to a minimum 600mm above the cut-off level so as
to achieve sound concrete upon trimming down to the cut-off level.

Monitoring of Concrete Level during Pile Casting

For each truckload of concrete discharged, the rise in concrete level shall
be counter-checked against the expected increase. If the rise in concrete
level is found to be higher than it is physically possible with the amount of
concrete discharged, the Contractor shall demonstrate that the integrity of
the pile is to the acceptance of the Engineer.

Precast Reinforced and Prestressed Concrete Piles
General

Precast concrete piles must be reinforced. The minimum number of
longitudinal bars provided in a precast concrete section shall be four in
square piles and six in circular and hexagonal piles and their size shall
not be less than 12mm in diameter. In any case, the total cross sectional
area of these bars shall not be less than 1% of the cross section of the
pile.

When the precast concrete section is square, the corners shall be
chamfered.

Where two or more precast sections have to be joined to give the length
of pile required, full details of the method of jointing shall be provided to
the Engineer for acceptance. The joint shall be capable of generating the
full axial and bending capacity of the pile. The Engineer may require joint
testing to be carried out before acceptance.

Tolerances in Pile Dimensions

The cross-sectional dimensions of the pile shall not be less than those
specified and shall not exceed them by more than 6mm. Any face of a
pile shall not deviate by more than 6mm from a straight edge 3m long laid
on the face, and the centroid of any cross-section of the pile shall not
deviate by more than 12mm from the straight line connecting the
centroids of the end faces of the piles.
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5.2.3.3

5.2.34

52341

5.2.34.2

5.2.343

5.2.35

5.2.3.6

5.2.3.6.1

5.2.3.6.2

5.2.3.6.3

5.2.3.6.4
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Reinforcement in Piles

The main longitudinal reinforcing bars in piles not exceeding 12 m in
length shall be in one continuous length unless otherwise specified. In
piles exceeding 12 m long, joints will be permitted in main longitudinal
bars at 12 m nominal intervals. Joints in adjacent bars shall be staggered
at least 1 m apart along the length of the pile.

Joints in reinforcement shall be such that the full strength of the bar is
effective across the joint.

Formwork for Piles

When the sides of adjacent piles are used as formwork, an accepted
method shall be used to prevent adhesion between concrete surfaces.

The head of each pile shall be square to the longitudinal axis. The
corners of the head and the corners of the pile shaft for a distance of
300mm from the head shall be chamfered 25mm x 25mm.

Holes for toggle bolts shall be at right angles to the faces of the pile, and
shall be lined with steel tubes or other accepted material. Holes for
handling and pitching shall be provided and shall be lined with steel
tubes, alternatively, accepted inserts may be cast in.

Casting of Piles

The Contractor shall ensure that the Engineer is given adequate notice
and every facility for inspecting the pile manufacturing process. Testing of
all material used shall be in accordance with the Contract.

Cutting Off Pile Heads
The method of cutting the pile heads shall be accepted by the Engineer.

Care shall be taken to avoid shattering or otherwise damaging the rest of
the pile. Any cracked or defective concrete shall be cut away and made
good with new concrete properly bonded to the old.

The piles shall be cut off to the required level as shown on the Drawings
and to a tolerance of £20 mm or otherwise instructed by the Engineer.
For precast reinforced concrete piles, the main reinforcement shall be
exposed and left reasonably straight for bonding into the pile cap. The
minimum bond length of main reinforcement to be exposed shall be in
accordance with SS EN 1992.

For prestressed concrete piles, the exposed prestressing wire shall
extend at least 600mm into the pile cap.

In stripping pile heads, the concrete shall be stripped to a level such that
the remaining concrete will project 75mm into the pile cap.
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5.2.3.6.5

5.3

53.1

53.11

53.1.11

53.1.1.2

5.3.1.2

53.1.21

5.3.1.2.2

53.1.23

5.3.1.3
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Where a pile has been formed below the required cut-off level, it shall be
built-up and the reinforcement shall project for such length in accordance
with SS EN 1992.

BORED CAST IN-SITU PILES
Boring
Temporary Casings

Temporary casings shall be used to maintain the stability of pile
excavation which might otherwise collapse.

Temporary casings shall be free from distortion. They shall be of uniform
cross-section throughout each continuous length. During concreting they
shall be free from internal projections and encrusted concrete which
might prevent the proper formation of piles.

Stability of Pile Excavation Using Drilling Fluid

Where the use of drilling fluid is accepted for maintaining the stability of a
boring, the level of the fluid in the excavation shall be maintained so that
the fluid pressure always exceeds the pressures exerted by the soils and
external groundwater.

An adequate temporary casing shall be used in conjunction with the
method to ensure stability of the strata near ground level until concrete
has been placed. The fluid level shall be maintained at a level not less
than 1.5 m above the level of the external groundwater.

In the event of a rapid loss of drilling fluid from the pile excavation, the
excavation shall be backfilled without delay and the Engineer shall be
informed immediately.

The Engineer’'s acceptance shall be obtained before excavation at that
location is resumed.

Spillage and Disposal

All reasonable steps shall be taken to prevent the spillage of drilling fluid,
in particular bentonite suspension on the site in areas outside the
immediate vicinity of boring. Discarded drilling fluid shall be removed from
the site without delay. Disposal of bentonite shall comply with the
regulations of the appropriate authority.
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53.14

5.3.1.5

5.3.1.6

5.3.1.7

5.3.1.8

5.3.2

53.21

5.3.2.2
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Pumping from Pile Excavation

Pumping from a Pile excavation shall not be permitted unless a casing
has been placed into a stable stratum which prevents the flow of water
from other strata in significant quantities into the boring, or unless it can
be shown that pumping will not have detrimental effect on the
surrounding soil or property.

Continuity of Construction

A pile constructed in a stable soil without the use of temporary casing or
other form of support shall be bored and concreted without prolonged
delay to ensure that the soil characteristics are not significantly impaired.

Cleanliness of Pile Bases

On completion of boring and immediately prior to casting, all loose,
disturbed or remoulded soil or rock shall be removed from the base of the
shatft.

Inspection

Each pile boring, where it is feasible to do so and where it is required by
the Engineer, shall be inspected prior to casting. Equipment shall be
provided to enable the Contractor and the Engineer to descend into the
boring for the purpose of inspection. Any method of descent and the
equipment used shall comply with BS 8008. Adequate lighting shall be
provided.

Pile Verticality

Prior to concreting, the Contractor shall check and record the verticality of
the shaft in the presence of the Engineer. If the shaft is found to be out of
specified tolerance, the Contractor shall take appropriate remedial
measures to correct the bore where possible to the acceptance of the
Engineer.

Drilling Fluid

Bentonite supplied to the site and prior to mixing shall be in accordance
with BS EN 1538.

Control tests shall be carried out on the bentonite suspension, using
suitable apparatus. The density of freshly mixed bentonite suspension
shall be measured daily as a check on the quality of the suspension
being formed. The measuring device shall be calibrated to read to within
0.005 g/ml. Tests to determine density, viscosity, shear strength and pH
value shall be applied to bentonite supplied to the pile boring. For
average soil conditions, the results shall generally be within the ranges
stated in Table 5.3.
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5.3.2.3

5.3.3

5331

5.3.3.2

5.3.3.3

5.3.4

5341
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The tests shall be carried out until a consistent working pattern has been
established, taking account the mixing process, including:

(@) any blending of freshly mixed bentonite suspension and previously
used bentonite suspension; and

(b) any process which may be used to remove impurities from
previously used bentonite suspension.

TABLE 5.3

Property to be

Range of Results at

Test Method

20 cP

measured 20° C
Density Less than 1.10 g/mi Mud density balance
Viscosity 30-90 s or less than Marsh cone method

Fann viscometer

Shear strength (10

1.4-10.0 N/m? or 4.0

Shearometer Fan

minute gel strength) - 40.0 N/m? Viscometer

pH 95-12.0 pH indicator paper
strips or electrical pH

meter

* Where the Fann viscometer is specified, the fluid sample should be
screened by a number 52 sieve (300 micron) prior to testing.

Determination of Bored Pile Length
Each pile shall be installed to its designed depth.

The length of the piles shall not be finalised before ultimate load tests of
preliminary piles have been completed. Where site investigation has
been specified for assessing ground conditions for piling, piles shall not
be constructed prior to the completion of the site investigation.

The Contractor shall engage an experienced Geotechnical Engineer with
a minimum of five years foundation experience to supervise the piling
works and to verify the ground conditions and confirm the pile founding
level. The pile founding level shall be acceptable to the Engineer.

Concreting and Extraction of Casing
Workability of Concrete
Temporary casings shall be extracted before the initial setting time of the

concrete expires and when the concrete remains sufficiently workable to
ensure that it is not lifted.
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5342 Concrete Level

53.4.21 When the casing is being extracted, a sufficient quantity of concrete shall
be maintained within it to ensure that pressure from external water,
drilling fluid or soil is exceeded and that the pile is neither reduced in
section nor contaminated.

5.3.4.2.2 Concrete shall be placed continuously as the casing is extracted until the
desired head of concrete is obtained. No concrete shall be placed in the
boring once the bottom of the casing has been lifted above the top of the
concrete.

5.34.2.3 Where two or more discontinuous lengths of casing (double casing) are
used in the construction, the proposed method of working shall be
submitted to the Engineer for acceptance.

5343 Water Levels

In the event of the ground water level being higher than the required pile
head casting level shown on the Drawings, the Contractor shall submit
his proposals for acceptance prior to placing concrete. The pile head shall
not be left below the ground water level unless acceptable precautions
are taken.

535 Temporary Backfilling
After each pile has been cast, any empty bore remaining shall be
protected and shall be carefully backfiled as soon as possible with
acceptable materials.

5.3.6 Debonding of Bored Piles

Debonding of bored piles, where required, shall follow the details in the
Code of Practice for Railway Protection.

54 DRIVEN PILES
54.1 Marking of Driven Piles
54.1.1 All piles, including temporary casings subsequently to be withdrawn, shall

be marked at intervals of 1 metre along their length prior to pitching. In
addition, the top 3 metres shall be marked at intervals of 250mm.

54.1.2 Steel piles shall be marked to show grade of steel, length and
identification number as appropriate.

54.1.3 Precast concrete piles shall be marked to show their identification

number, length and date of casting. Prestressed concrete piles shall be
marked with the prestressing force applied.

Sep 2020
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Handling and Pitching of Driven Piles

Piles shall not be lifted other than by slinging from accepted lifting holes
or points. For each section lifting points shall be clearly marked.

When handling or pitching a concrete driven pile, the compressive stress
in the pile shall not exceed 0.33 of the concrete strength.

Before the commencement of driving, each pile (or the driving tube) and
the leaders or guides of the pile frame shall be checked for correct rake
or plumb and such rake or plumb shall be maintained during driving.

At no time during the driving operation shall the driving hammer be more
than 40 mm off the centre of the pile being driven.

Strength of Piles

Piles shall not be driven until the concrete has achieved the specified
characteristic strength.

Pile Shoes

The first section of each pile shall be provided with a pointed coaxial shoe
made of either steel or chill hardened cast iron.

Cast iron pile shoes shall be made from chill hardened iron as used for
making grey iron castings to BS EN 1561, Grade 150. The chilled iron
point shall be free from major blowholes and other surface defects.

Steel pile shoes shall be manufactured from steel to BS EN 10025,
Grade S275J0.

Cast steel piles shoes shall be of carbon steel to BS EN 10293, Grade A.
Straps or other fastenings to cast pile shoes shall be of steel to BS EN
10025, Grade S275JO, and shall be cast into the point to form an integral
part of the shoe.

Leaders and Trestles

At all stages during driving and until incorporation in the superstructure,
the pile shall be adequately supported and restrained by means of
leaders, trestles, temporary supports or other guide arrangements to
maintain position and alignment and to prevent buckling and other
damage to the pile.

Performance of Driving Equipment

The Contractor shall satisfy the Engineer regarding the suitability,
efficiency and energy of the driving equipment.
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Length of Piles

The pile sections used shall be of standard lengths and the number of
joints shall not exceed three numbers, unless otherwise accepted by the
Engineer.

Driving Procedure and Redrive Checks

The Contractor shall give adequate notice and provide all facilities to
enable the Engineer to check driving resistance. A set shall be taken
only in the presence of the Engineer unless otherwise accepted.

At the start of work and in a new area or section, sets shall be taken at
intervals during the last 3 metres of the driving to establish the behaviour
of the piles

Each pile shall be driven continuously until the specified or accepted set
and/or depth has been reached.

A follower (long dolly) shall not be used unless accepted, in which case
the Engineer will require the set to be revised to take into account the
reduction in the effectiveness of the hammer blow.

In the event the Engineer accepts the suspension of driving, the
Contractor shall ensure that the rate of penetration prior to the cessation
of driving is re-established on its resumption.

Redrive checks, if required, shall be carried out to an accepted
procedure.

The Contractor shall inform the Engineer without delay if an unusual
change in driving characteristics is noted. A detailed record of the driving
resistance over the full length of the next nearest available pile shall be
taken if required

Final Set

The final set of each pile shall be recorded as the penetration in
millimetres per 10 blows.

When a final set is being measured, the following requirements shall be

met:-

(@ The exposed part of the pile shall be in good condition without
damage or distortion.

(b) The dolly and packing, if any, shall be in sound condition.

(c) The hammer blow shall be in line with the pile axis and the impact
surfaces shall be flat and at right angles to the pile and hammer
axis.
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(d) The hammer shall be in good condition and operating correctly.
(e) The temporary compression of the pile shall be recorded if required.

(H When required by the Engineer, a levelling instrument shall be
provided to take the final set.

Driving Sequence and Risen Piles

Piles shall be driven in an accepted sequence to minimise the detrimental
effects of heave and lateral displacement of the ground. In a pile group,
interior piles should be driven first to avoid hard driving conditions and to
minimise heaving of adjacent installed piles.

When a pile has risen by more than 3mm as a result of adjacent piles
being driven, the Contractor shall re-drive it to an accepted procedure.

Pile shall not be driven nearer than 5m from a concrete pile where
concrete has been in place for less than 24 hours.

If required, preboring may be carried out to reduce the effects of uplift to
an adjacent pile.

Preboring

If preboring is specified the pile shall be pitched into a hole prebored to
the depth shown on the Drawings.

Jetting

Jetting shall not be used at any time during the driving of piles.

STEEL PILES
Pile Sections and Pile Dimensions

For standard rolled sections, the dimensional tolerances and weight shall
comply with BS EN 10034 or other relevant standards as accepted by the
Engineer.

For pipe piles, the dimensional tolerances and weight shall comply with
BS EN 10210 or other relevant standards as accepted by the Engineer.

For proprietary sections, the dimensional tolerances shall comply with the
manufacturer's standards and actual weight of sections shall not differ
from the theoretical weight by more than -2.5% to +5% unless otherwise
accepted by the Engineer.
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Straightness of Piles

For standard rolled sections the deviation from straightness shall comply
with BS EN 10034.

For pipe piles, the deviation from straightness shall comply with BS EN
10210.

For proprietary sections made up from rolled sections the deviation from
straightness shall not exceed 1/600 of the length of the pile.

Fabrication of Piles

The root edges or root faces of lengths of piles that are to be butt welded
shall not differ by more than 25% of the thickness of piles walls not
exceeding 12mm thick or by more than 3mm for piles where the wall is
thicker than 12mm. When piles of unequal thickness are to be buitt
welded, the thickness of the thinner material shall be the criterion.

Pile lengths shall be set up so that the differences in dimensions are
matched as evenly as possible.

Adequate facilities shall be provided for supporting and aligning the
lengths of pile that are fabricated on site.

Matching of Pile Lengths

When two or more pipe piles are joined, longitudinal seam welds and
spiral seam welds between adjacent piles shall be evenly staggered by at
least 200mm.

Inspection and Test Certificates

The Contractor shall provide the Engineer with test certificates, analyses
and mill sheets. The Contractor shall ensure that adequate notice be
given to the Engineer when the processes can be inspected or tests can
be witnessed.

The Engineer has the right to inspect and test at any stage of the
manufacturing process.

Welding

All welding to steel pile sections shall be to the requirements of Chapter
12, Structural Steelwork.

All welds shall be capable of withstanding handling, driving and design
load stresses.
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Strengthening of Piles

The strengthening to the toe of a pile in lieu of a shoe or the
strengthening of the head of a pile shall be made using material of the
same grade as the pile.

Welded Piles
Welded Pipe Piles

The Engineer’'s acceptance shall be obtained if different edge preparation
from that shown on the Drawings is required for use with automatic
welding machines or due to the method of rolling.

All welds shall be full penetration butt welds and longitudinal welds shall
be made with the extension plates at the starting and finishing points of
each seam.

Welded Box Piles and Proprietary Sections

Welded box piles or proprietary sections made up from two or more hot
rolled sections shall be welded in accordance with the manufacturer's
standards.

Spirally Welded Pipe Piles

Prior to forming a spirally welded pile the edges of the strip shall be
straight. Before fabrication commences, tests as required by the
Engineer in accordance with the standards for forming and welding shall
be made to ensure that the welding procedure is acceptable.

Pile Coatings

Where required, pile coating shall be in accordance with Chapter 12,
Structural Steelwork.

Handling and Storage of Piles

All piles within a stack shall be in groups of the same length and on
accepted supports. All operations such as handling, transporting and
pitching of piles shall be carried out in a manner such that damage to
piles and their coatings are minimised.
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Preparation of Piles Heads

If a steel superstructure is to be welded to piles, the piles shall be cut
square and to within £5mm of the levels shown on the Drawings. If piles
are to be encased in concrete they shall be cut to within £20mm of the
levels shown on the Drawings, and protective coatings shall be removed
from the surface of the pile heads down to a level 100mm above the soffit
of the concrete.

BAKAU PILING (INDIGENOUS TIMBER PILES)

Pile Material

Bakau piles shall be good, sound, straight piles, with fresh uninjured bark
and of reasonably uniform size.

Pile Lengths

Bakau piles supplied shall be in lengths of 3m, 5m or 6m as required.
Measurement shall be from the squared-off head to the pointed end, with
the under-sized end cut off.

Pile Diameter

The pile diameter shall not be less than 75mm at the larger end,
measured within 150mm from its end. Such measurements shall not be
over knobs and protuberances.

Examination of Piles Delivered

All bakau piles shall be inspected and accepted by the Engineer before
being used. Bakau piles that have been rejected shall be removed from
the site immediately.

Protection of Pile Heads

The head of the pile shall be protected with a simple steel or cast iron ring
during driving. After completion of such driving, the head shall be properly
squared and cut off to the required level.

Joints

All piles shall be rigidly and securely joined with steel collars 300mm long
made out of 1.22mm thick (18 SWG) mild steel sheets with joints fully
welded. Steel collars shall be completely coated with tar or bituminous
paint.
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Pile Driving Equipment

Piles shall be driven by an accepted piling frame, with a driving hammer
of an accepted weight. The driving hammer used shall be of minimum
200kg in weight.

Driving

All piles shall be driven vertically in a straight line, perfectly squared from
the face of the work and free from damage. The driving hammer shall be
dropped from a height of 1m to 1.5m, such that the blows land squarely
and centrally on the pile. The actual height of the drops shall be
accepted by the Engineer.

During driving, the pile shall be effectively restrained from buckling.
Inclinations of the pile exceeding 1: 75 shall be rejected.

Piles shall not be forcibly corrected to an acceptable position.
Pile Replacement

All incorrectly driven piles and piles damaged during driving shall be
compensated to the acceptance of the Engineer.

PILE LOAD TESTING
General

This Section covers vertical and raking piles tested in compression (i.e.
subjected to loads in a direction such as would cause the pile to
penetrate further into the ground), vertical or raking piles tested in tension
(i.e. subjected to loads in a direction such as would cause the piles to be
extracted from the ground), and vertical or raking piles tested in bending
(i.e. subjected to horizontal loads).

Definitions

Allowable Load: The load which may be safely applied to a pile after
taking into account its ultimate bearing capacity, negative skin friction, pile
spacing, overall bearing capacity of the ground below and allowable
settlement.

Kentledge: The dead weight used in a loading test
Maintained Load Test: A loading test in which each increment of load is

held constant either for a defined period of time or until the rate of
movement (settlement or uplift) falls to a specified value.
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Preliminary Pile: A pile installed before the commencement of the main
piling works or specific part of the Works for the purpose of establishing
the suitability of the chosen type of pile and for confirming its design,
dimensions and bearing capacity.

Working Test Load: A load applied to a selected working pile to confirm
that it is suitable for the load at the settlement specified. A working test
load should not normally exceed 150% of the working load on a pile.

Reaction System: An arrangement of kentledge, piles, anchors or rafts
that provides a resistance against which the pile is tested.

Test Pile: Any pile to which a test is, or is to be, applied.

Working Load: The service load, which the pile is designed to carry.
Safety Precautions

Personnel

All tests shall be carried out only under the direction of an experienced
and competent supervisor, conversant with the test equipment and test
procedure. All personnel operating the test equipment shall have been
trained in its use.

Kentledge

Where kentledge is used, the Contractor shall comply with requirements
in Appendix 5.2.

In addition, the distance between the outer edge of kentledge load to the
edge of any road, structure or building shall not be less than the full
height of kentledge load as measured from ground level.

Steel plates may be used instead of concrete blocks for dead weight in
order to meet the minimum offset distance to the edge of any road,
structure or building.

The weight of kentledge shall be at least 10% greater than the maximum
test load and if the weight is estimated from the density and volume of the
constituent materials, a factor of safety not less than 5% against error
shall be allowed.

Tension Pile and Ground Anchors
Where tension piles or ground anchors are used, the Contractor shall

ensure that the load is evenly transmitted to all the tie rods, cables or
bolts. The extension of rods by welding shall not be permitted.
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Testing Equipment

The Contractor shall ensure that when the hydraulic jack and load
measuring device are mounted on the pile head, the whole system will be
stable up to the maximum load to be applied. Means shall be provided to
enable dial gauges to be read from a position clear of the kentledge stack
or test frame in conditions where failure in any part of the system due to
overloading, buckling, loss of hydraulic pressure etc. will not constitute a
hazard to personnel.

The hydraulic jack, pump, hoses, pipes, couplings and other apparatus to
be operated under hydraulic pressure shall be capable of withstanding a
test pressure of one and a half times the maximum working pressure
without leaking.

The maximum test load or test pressure expressed as a reading on the
gauge in use shall be displayed and all operators shall be made aware of
this limit.

Construction of a Preliminary Pile
Notice of Construction

The Contractor shall give the Engineer at least 48 hours’ notice of the
commencement of construction of any preliminary pile.

Method of Construction

Each preliminary pile shall be constructed in a manner similar to the
working piles using similar equipment and materials unless otherwise
accepted by the Engineer

Extra reinforcement and concrete of increased strength may be used
subject to the acceptance of the Engineer.

Each preliminary bored pile shall be uniform in diameter along its entire
shaft with overbreaks not exceeding 10% of its nominal diameter at any
section. The percentage overbreak in the pile shall be computed as the
percentage excess between the concrete volume discharged per truck as
indicated by the concrete delivery docket and the resulting concrete
displacement in the bored pile based on the nominal size of the piles. The
test pile with overbreaks exceeding the specified allowable percentage
shall be rejected at the discretion of the Engineer.

Preliminary piles shall not be incorporated into the Works.
Instrumentation for Preliminary Piles
The Contractor shall submit to the Engineer for acceptance, a full method

statement describing the testing equipment and procedure at least 14
days prior to the commencement of construction of a preliminary pile.
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The preliminary piles shall be instrumented with vibrating wire strain
gauges and extensometer at every different geological strata. Strain
gauges shall be installed at 1.5m intervals for soils layers with SPT N
value greater than 50 and at intervals no greater than 3m at other layers.
The strain gauges shall be installed in pairs at each level for preliminary
pile with a diameter equal to or under 1m. For preliminary piles with a
diameter greater than 1m, 2 pairs of strain gauges shall be installed at
each level.

The strain gauges and extensometer casings shall be properly fixed to
the reinforcement cages of the piles, and protected from damage at all
stages of pile construction.

Where preliminary piles are required for lateral load tests, an inclinometer
along the pile shaft shall also be installed.

Boring or Driving Record

For each preliminary pile, a detailed record of the soils encountered
during boring, or of the progress during driving shall be made and
submitted to the Engineer daily on the next working day.

Where the Engineer requires soil samples to be taken or in situ tests to
be made in bored pile, the Contractor shall give the results of such tests
to the Engineer without delay.

Cut-off Level

The preliminary pile shaft shall be cast 1m above test platform level or
extended where necessary.

Where the preliminary pile shaft is extended above the cut-off level of a
working pile in a soil which would influence the load bearing capacity of
the pile, a sleeve shall be installed and kept in place during testing to
eliminate friction which would not arise in the working pile.

Pile Head Construction
Compression Test

The pile head or cap shall be formed to give a plane surface which is
normal to the axis of the preliminary pile, sufficiently large to
accommodate the loading and settlement-measuring equipment and
adequately reinforced or protected to prevent damage from the
concentrated application of load from the loading equipment.

The pile cap shall be concentric with the preliminary pile and the joint
between the cap and the pile shall have a strength equivalent to that of
the pile.
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Sufficient clear space shall be made under any part of the cap projecting
beyond the section of the pile so that, at the maximum expected
settlement, load is not transmitted to the ground except through the pile.

5.7.4.6.2 Tension Test
The test load shall be axially transmitted to the preliminary pile.
The connection between the preliminary pile and the loading equipment
shall be constructed in such a manner as to provide a strength equal to
the maximum load which is to be applied to the pile during the test with
stress levels kept within the serviceability limit at maximum test load.

5.75 Preparation of a Working Pile to be Tested

The Contractor shall cut down or prepare the working pile similar to the
requirements for preliminary piles as stated in Clause 5.7.4.5 and

5.7.4.6.
576 Concrete Test Cubes
5.76.1 Three test cubes shall be made from the concrete used in each of the

preliminary piles and working piles as directed by the Engineer. If a
concrete cap is cast separately from a preliminary pile or a working pile, a
further three cubes shall be made from this concrete. The cubes shall be
made and tested in accordance with BS 1881.

5.7.6.2 The pile test shall not commence until the sample cubes have acquired
strength such that the applied direct stress is less than 0.5 times the cube
strength. This requirement shall apply to both pile and pile cap.

5.7.7 Reaction Systems
57.7.1 Compression Tests

57.7.11 Compression tests shall be carried out using kentledge, tension piles or
specially constructed anchorage. Kentledge shall not be used for tests on
raking piles.

57.7.1.2 Where kentledge is to be used, it shall be supported on cribwork
disposed around the pile head so that its centre of gravity is on the axis of
the pile. The bearing pressure under supporting cribs shall be such as to
ensure stability of the kentledge stack, and if necessary, the Contractor
shall provide a pile support system to the kentledge.

5.7.7.2 Tension Tests
Tension tests shall be carried out using compression piles or rafts
constructed on the ground. The inclined reaction piles, anchors, or rafts

may be used subject to the acceptance of the Engineer. In all cases, the
resultant force of the reaction system shall be co-axial with the test pile.

Sep 2020
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Working Piles
Working piles shall not be used as reaction piles.
Spacing

Where kentledge is used for loading vertical piles in compression, the
distance from the edge of the test pile to the nearest part of the crib
supporting the kentledge stack in contact with the ground shall not be
less than 1.5 m.

The centre to centre spacing of vertical reaction piles, from a test pile
shall not be less than 3 times the diameter of the test pile/the reaction
piles or 2m, whichever is the greatest. Where a pile to be tested has an
enlarged base, the same criterion shall apply with regard to the pile
shafts, with the additional requirement that the surface of reaction pile
shall not be closer to the base of the test pile by more than one half of the
enlarged base diameter.

Where ground anchors are used to provide a test reaction for loading in
compression, no part of the section of the anchor transferring load to the
ground shall be closer to the test pile than 3 times the diameter of the test
pile. Where the pile to be tested has an enlarged base, the same criterion
shall apply with regard to the pile shaft, with the additional requirement
that no section of the anchor transferring load to the ground shall be
closer to the pile base by more than the base diameter.

Adequate Reaction

The size, length and number of the piles or anchors, or the area of the
rafts, shall be adequate to transmit the maximum test load to the ground
in a safe manner without excessive movement or influence on the test
pile.

Care of Piles

The method employed in the installation of any reaction piles, anchors or
rafts shall be such as to prevent damage to any test pile or working pile.

Loading Arrangement

The loading arrangement shall be designed to transfer the test load
safely to the test pile. Full details shall be submitted to the Engineer for
acceptance prior to any work related to the testing process being carried
out on the site.
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Equipment for Applying Load

The equipment for applying load shall consist of hydraulic rams or jacks.
The hydraulic rams or jacks shall be arranged in conjunction with the
reaction system to deliver an axial load to the test pile. The complete
system shall be capable of transferring the maximum load required for
the test.

The length of stroke of the hydraulic ram or jack shall be sufficient to
cater for the deflection of the reaction system under load plus a deflection
of the pile head up to 15% of the pile shaft diameter unless otherwise
accepted by the Engineer.

Measurement of Load

The load shall be measured by a load measuring device and by a
calibrated pressure gauge included in the hydraulic system. Readings of
both the load measuring device and the pressure gauges shall be
recorded. In interpreting the test data, the values given by the load
measuring device shall normally be used; the pressure gauge readings
are required as a check.

The load measuring device may consist of a proving ring, load measuring
column, pressure cell or other appropriate system. A spherical seating
shall be used in conjunction with any devices that are sensitive to
eccentric loading; care must be taken to avoid any risk of buckling. Load
measuring devices and jacks shall be short in axial length in order to
achieve the best possible stability; the Contractor shall ensure that axial
loading is maintained.

The load measuring devices shall be calibrated before each load tests,
whenever adjustments are made to the device or at intervals appropriate
to the type of equipment. The pressure gauge and hydraulic jack shall be
calibrated together. The load measuring device, pressure gauge and
hydraulic jack shall be calibrated by an accredited laboratory.
Certifications of calibrations shall be submitted to the Engineer.

The Engineer’s acceptance shall be obtained before any modification of
this procedure is adopted.

Adjustability of Loading Equipment
The loading equipment shall be capable of adjustment throughout the test

to obtain a smooth increase of load or to maintain each load constant at
the required stages of a maintained loading test.
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5.7.11 Measuring Movement of Pile Heads
5.7.111 Levelling Method for Maintained Load Test Only

An optical or any other levelling method by reference to an external
datum may be used.

Where a level and a staff are used, the level and scale of the staff shall
be chosen to enable readings to be made to within an accuracy of
0.5mm. A scale attached to the pile or pile cap may be used instead of a
levelling staff. At least two datum points shall be established on
permanent objects or other well-founded structures or deep datum points
shall be installed. Each datum point shall be situated so that only one
setting up of the level is needed.

No datum point shall be affected by the test loading or other operations
on the Site.

5.7.11.2 Independent Reference Frame

5.7.11.2.1  An independent reference frame may be set up to permit measurement
of the movement of the pile. The supports for the frame shall be founded
in such a manner that it will not be disturbed by any movement of ground.

5.7.11.2.2 In no case shall the supports be less than three test pile diameters or 2m,
whichever is the greater, from the centre of the test pile. Check
observations of any movement of the reference frame shall be made and
a check shall be made of the movement of the pile head relative to an
external datum during the progress of the test.

5.7.11.2.3 The measurement of pile movement shall be made by at least two dial
gauges rigidly mounted on the reference frame that bear on surfaces
normal to the pile axis, fixed to the pile cap or head. Alternatively, the
gauges may be fixed to the pile and bear on surfaces on the reference
frame. The dial gauges shall be placed in diametrically opposed positions

and be equidistant from the pile axis. The dial gauges shall enable
readings to be made up to within an accuracy of 0.1mm.

57.11.3 Other Methods

The Contractor may submit any other method for measuring the
movement of pile heads for acceptance.

57114 Calibration of Dial Gauges
The dial gauge shall be calibrated by an accredited testing company.
5.7.12 Protection of Testing Equipment from Weather

Throughout the test period, all equipment for measuring load and
movement shall be protected from the weather.

Sep 2020
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5.7.13 Supervision
5.7.13.1 Notice of Test

5.7.13.2

5.7.14

5.7.141

5.7.141.1

5.7.141.2

5.7.14.1.3

5.7.14.1.4

5.7.14.1.5

5.7.14.2

5.7.142.1
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The Contractor shall give the Engineer at least 24 hours’ notice of the
commencement of the test.

Records

During the progress of a test, the testing equipment and all records of the
test as required in Clause 5.7.16 shall be available for inspection by the
Engineer.

Test Procedures
Ultimate Load Test by Maintained Load

The maximum load which shall be applied in an ultimate load test is at
least two and a half times the working load. The loading and unloading
shall be carried out in stages as shown in Table 5.4.

Following each application of load, the load shall be held for not less than
the period shown in Table 5.4 or until the rate of settlement is less than
0.25 mm/hr and slowing down. The rate of settlement shall be calculated
from the slope of the curve obtained by plotting values of settlement
versus time and drawing a smooth curve through the points.

Each stage of unloading shall proceed after the expiry of the period
shown in Table 5.4.

For any period when the load is constant, time and settlement shall be
recorded immediately on reaching the load and at approximately 15 min
intervals for 1 hr, at 30 min intervals between 1 hr and 4 hr and at 1 hr
intervals between 4 hr and 12 hr after the application of the increment of
the load.

Testing shall continue until the maximum test load has been reached or
when the settlement exceeds 10% of the pile diameter.

Working Load Test by Maintained Load
The maximum load which shall be applied in a working load test on a

working pile is one and a half times the working load. The loading and
unloading shall be carried out in stages as shown in Table 5.5.
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5.7.14.2.2

5.7.14.2.3

5.7.14.2.4
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Following each application of an increment of load, the load shall be held
for not less than the period shown in Table 5.5 or until the rate of
settlement is less than 0.25mm/hr and slowing down. The rate of
settlement shall be calculated from the slope of the curve obtained by
plotting values of settlement versus time and drawing a smooth curve
through the points.

Each stage of unloading shall proceed after the expiry of the period
shown in Table 5.5.

For any period when the load is constant, time and settlement shall be
recorded immediately on reaching the load and at approximately 15 min
intervals for 1 hr, at 30 min intervals between 1 hr and 4 hr and at 1 hr
intervals between 4 hr and 12 hr after the application of the increment of
the load.
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TABLE 5.4 Ultimate Load Test

Load, Percentage of Minimum Time of Load Cycle Number
Working Load Holding (minutes)
0 - 1
25 60
50 60
75 60
100 360 (6 hr)
100 360 (6 hr)
75 10
50 10
25 10
0 60
0 - 2
25 10
75 10
100 360 (6 hr)
125 60
150 360 (6 hr)
125 10
100 10
75 10
25 10
0 60

Sep 2020
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TABLE 5.4 Ultimate Load Test (Cont'd)

Load, Percentage of
Working Load

Minimum Time of
Holding (minutes)

Load Cycle Number

0 - 3
25 10

50 10

75 10

100 10

125 10

150 60

175 60

200 60

225 60

250 1440 (24 hrs)
200 10

150 10

100 10

50 10

0 30
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TABLE 5.5 Working Load Test

Load, Percentage of
Working Load

Minimum Time of
Holding (minutes)

Load Cycle Number

0 - 1
25 60

50 60

75 60

100 360 (6 hr)

75 10

50 10

25 10

0 60

0 - 2
50 10

100 360 (6 hr)

125 60

150 360 (6 hr)

125 10

100 10

75 10

50 10

25 10

0 60
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5.7.143

5.7.14.4

5.7.15

5.7.15.1

5.7.15.1.1

5.7.151.2

5.7.15.2

5.7.152.1

5.7.15.2.2
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Requirements for Working Load Test

A pile under test shall be deemed to have failed if it does not comply with
the Serviceability Limit State (SLS) criteria determined by the designer as
stated in the Civil Design Criteria.

Continuity Testing

Any test that commences shall be carried to completion as specified in
Clauses 5.7.14.1 and 5.7.14.2 without stoppage unless otherwise
accepted by the Engineer.

Testing Criteria
Failure of Piles

Any working pile which fails the load test shall be replaced by one or
more piles by the Contractor or as directed by the Engineer. If it is
impractical or inadvisable to install substitute piles in place of a failed pile,
the Contractor shall submit proposals to rectify the defect subject to the
acceptance of the Engineer.

In addition, the Contractor shall at his expense carry out two more
additional working load tests. The piles for these tests shall be selected
by the Engineer.

Faulty Pile Tests

A load test shall be deemed to be faulty if the loading and testing
requirements of the Materials and Workmanship Specification are not
met, or if any test has to be discontinued due to:

(@) faulty jack or gauge,
(b) unstable support of the kentledge,
(c) cracking of or damage to the pile cap,

(d) incorrect or disturbed datum, or any other causes, then the test
shall be abandoned and the results disregarded.

In the event of a faulty test, a further test on a new pile shall be carried
out, unless otherwise accepted by the Engineer.
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5.7.16 Presentation of Results

5.7.16.1 Results to be submitted

Results to be submitted shall include:

(@ A summary in writing to the Engineer, unless otherwise directed,
within 24 hours of the completion of the test. The summary shall
give the period for which the load was held, the load and the
maximum settlement or uplift recorded for a working load test by
maintained load for each stage of loading.

(b) The completed schedule of recorded data as in Clause 5.7.16.2
within seven days of the completion of the test.

5.7.16.2 Schedule of Recorded Data

Sep 2020

The Contractor shall provide information about the tested pile in
accordance with the following schedule where applicable.

(@ General

Site location
Contract identification
Proposed structure
Main Contractor
Piling Contractor
Engineer

Client

Date of test

(b) Pile Details

i) Alltypes of pile

Identification (number and location)

Position relative to adjacent piles

Brief description of location (e.g. in cofferdam, in cutting,
over water)

Ground level at pile position

Head level at which test load is applied

Type of pile (e.g. precast reinforced concrete, steel H,
bored in place, driven in place, composite type)

Vertical or raking, compression or tension

Shape and size of cross section of pile, position of change
in cross section.

Shoe or base details

Head details

Length in ground

Level of toe

Any permanent casing or core
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i) Concrete Piles

- Concrete mix

- Aggregate type and source

- Cement type

- Slump

- Cube test results for pile and cap
- Date of casting of precast pile

- Reinforcement

i)  Steel Piles

- Steel quality
- Coating
- Filling

(c) Installation Details

i)  AllPiles

- Dates and times of boring, driving and concreting of test pile
and adjacent piles.

- Unusual circumstances and difficulties

- Date and time of casting concrete pile cap

- Start and finish of each operation during driving or
installation of a pile and subsequent testing

- Difficulties in handling, pitching and driving piles

- Delays due to sea and weather conditions

i) Bored Piles

- Type of equipment used and method of boring

- Temporary casing, method of installation and extraction.

- Strata encountered during boring

- Water encountered during boring

- Method and details of base cleaning

- Method of placing concrete and conditions pertaining

- Volume of concrete placed vs theoretical and actual rise in
concrete levels

- Concrete level before and after extraction of casing

i)  Driven Preformed Piles and Driven Cast In-Situ Piles

- Method of support of Pile and hammer (frame, hanging
leaders, suspended hammer or other method)

- Driven length of pile or temporary casing at final set

- Hammer type, size and weight

- Dolly and packing, type and condition before and after
driving

- Driving log (depth, blows per 250mm, interruptions or
breaks in driving)

- Final set

- Redrive check, time interval and set

Sep 2020



Engineering Group Document E/GD/09/104/A2
M&W for Civil & Structural Works MW /5/ 36

5.7.16.3

5.7.16.4

5.7.16.4.1
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- At final set and at redrive set, for drop or single acting
hammer, the length of the drop or stroke; for diesel
hammer, the length of the stroke and the blows per minute;
for double-acting hammer, the number of blows per minute

- Condition of pile head or temporary casing after driving

- Use of a follower

- Use of preboring

- Use of jetting

- Lengthening

- Details of temporary casing

- Concrete level before and after extraction of casing

- Method of placing concrete and conditions pertaining.

(d) Test Procedure

- Weight of kentledge

- Tension pile, ground anchor or compression pile details

- Plan of test arrangements showing position and distances
of kentledge supports, rafts, tension or compression piles
and reference frame to test pile.

- Jack capacity

- Method of load measurement

- Method(s) of penetration or uplift measurement

- Working load test by Maintained Loading

- Relevant dates and times

(e) TestResults

- Intabular form

- In graphical form: load plotted against settlement (uplift),
load and settlement (uplift) plotted against time

- Ground heave

(H  Site Investigation

- Site investigation report number
- Borehole reference

Presentation of Graphical Results

The scales used for plotting load/settlement (uplift) curves shall be such
that a settlement of 10 mm is equivalent to a load of 100 tonnes. The
same scales shall be used for the load and settlement (uplift) against time
curves.

Submission of Results to Borehole Information System (BIS)

The Authority has an intranet application called the Borehole Information
System (BIS). The BIS is a web-based system which stores and displays
borehole information and pile load test (PLT) reports obtained from all pile
tests.
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5.7.16.4.2

5.7.16.4.3

5.7.16.4.4

5.7.16.4.5

5.7.16.4.6

5.7.17

5.7.17.1

5.7.17.2

5.7.18

5.7.18.1

5.7.18.2

5.7.18.3

5.7.18.4
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The Contractor shall submit a Summary Report for each pile load test to
BIS. The Summary Report shall follow the template in Appendix 5.1. All
information as listed in the template shall be submitted. The entire pile
load test report shall be attached to the Summary Report. The Summary
Report and other attached reports shall be in PDF format and the graphs
and raw data shall be in Excel format.

The Summary Report and attached reports shall be submitted in softcopy
in a CD with the following folder/file structure:

Contract No./PLT XXX/Report 01 (Maximum 5 per PLT including
summary report)

Sub-directory naming convention shall be as follows:
PLT XXX
XXX =001 to 999

Each test pile shall have its own complete reports. The Summary
Report shall be named as Report_01. Other attached reports shall be
named sequentially.

Removal of Ground Anchors and Cutting-Off of Temporary Piles

On completion of an ultimate load test, all temporary piles located within
the road and tunnel reserve shall be cut off 2m below ground level, and
the ground made good with suitable material.

All temporary piles and ground anchors located outside the road and
tunnel reserve shall be removed unless otherwise instructed by the
Engineer.

Bi-directional Static Load Tests

Where bi-directional static load test methods are used for ultimate load
testing, the Contractor shall provide full details of the proposed test set-
up, including details of previous tests carried out in similar ground
conditions, with results and interpretations to substantiate the suitability
of his proposal.

The Contractor shall design the placement of the embedded reaction
jacks and take appropriate measures to ensure the free displacement
of bentonite during concreting so that the pile quality below the jacks
can be ensured.

The maximum extension of the embedded reaction jack shall be at
least 10% of the pile diameter.

Interpretation of bi-directional load test and conversion into the
equivalent pile-head load displacement curve shall be done by
experienced personnel based on the principles described in CP4 and
SS EN 1997-1.
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5.7.18.5

5.7.19

5.7.19.1

5.7.19.1.1

5.7.19.1.2

5.7.19.2

5.7.19.21

5.7.19.2.2

5.7.19.3

5.7.19.3.1
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Bi-directional load testing methods shall not be used for the testing of
working piles

High Strain Dynamic Testing of Piles Using Stress Wave
Measurements

The Contractor shall engage a SAC-SINGLAS accredited laboratory for
high strain dynamic testing of piles, accepted by the Engineer, to carry
out dynamic testing of all piles.

The dynamic testing of piles shall comply with ASTM D4945 Standard
Test Method for High Strain Dynamic Testing of Deep Foundations.

The proposed system together with its method of testing, list of
equipment and C.V.s of personnel involved shall be submitted to the
Engineer for his prior acceptance. The test shall be conducted by a
qualified engineer on site with no less than five years of dynamic pile
testing experience.

The equipment employed shall be capable of measuring the pile force
and velocity against time.

Testing Requirements

Working piles selected for dynamic testing shall be tested to the
equivalent of 2.0 times the working load.

The Contractor shall be responsible to design and provide a suitable
hammer system to test the piles to the required test load. The hammer
system should, amongst others, consist of adequately heavy hammer
with a controlled drop to limit the driving stresses in the pile.

Method of Testing
The force, velocity, displacement and the energy transferred to the pile
against time shall be produced on-site in graphical form. Soil resistance

shall be computed for every blow.

For driven piles, the energy provided on to the pile during restrike tests
shall not be less than that used to initially drive the pile.

Results of the Test
Computer analysis of the field measurements to obtain the pile resistance

distribution and vertical load against displacement relationship shall be
carried out on all piles which are dynamically tested
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The results of the dynamic load tests shall be submitted. The complete
field results and graphs shall be submitted immediately and computer
analysis results 3 days after the test. The detailed report, which shall
include the interpretation, analysis and correlation with static load test
results, shall be submitted within 7 days after testing. The format of all
submissions shall be acceptable to the Engineer.

The piles, which are dynamically tested, shall be deemed to have failed if
the measured resistance within the design load bearing layer of the pile is
less than 2.0 times the designed working load or if any part of the piles is
damaged. The Engineer shall review the results and his interpretation
shall be final. For each pile, which has failed, substitute compensating
piles shall be proposed by the Contractor for acceptance by the Engineer.
If it is impractical or inadvisable to install substitute piles in place of a
failed pile, the Contractor shall submit alternative proposals. In addition,
the Contractor shall at his expense carry out two more additional dynamic
pile load tests on other piles as selected by the Engineer.

Rapid Load Tests

A rapid load test may be considered as an alternative to replace a static
load test, subject to the acceptance of the Engineer and in compliance
with the prevailing regulatory requirements. The results from the rapid
load test shall first be calibrated with a static load test on another pile
installed in similar ground conditions.

The test methods measure the pile top deflection in response to an axial
compressive force under rapid loading and shall be conducted in
accordance to BS EN ISO 22477-10.

Due to the nature of the quasi-static applied loads and the need to correct
the load-displacement response for damping and inertial effects, the
results would only be acceptable if interpreted by qualified and
experienced personnel.

Lateral Load Test
Lateral Load Test on Preliminary Piles

Where piles are subject to a horizontal working load exceeding 400kN or
10% of the allowable vertical pile capacity, whichever lower, then lateral
load tests on preliminary piles shall be carried out. The reaction and
testing system to apply a horizontal load on the preliminary pile shall be
designed by the Professional Engineer of the Contractor.

Lateral load test shall be carried out in accordance to ASTM
D3966/D3966M Standard Test Method for Deep Foundations Under
Lateral Load.

An inclinometer shall be installed in the preliminary pile.
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A pair of strain gauges shall be installed at 2m intervals along the length
of the pile axis, commencing at the level of lateral load application up to a
depth of 10m below ground level or to a depth at least 5m below the
maximum bending stress due to the lateral loading, whichever deeper.
Below this level, a pair of strain gauges shall be installed at 3m intervals
along the remaining pile depth.

Strain gauges in each pair shall be installed at the same depth,
symmetrically opposite each other, equidistance from and parallel to the
pile axis, and in line with the applied load.

The inclinometer and strain gauges in the pile shall be monitored at every
load step.

The testing procedures shall be the same as that given in Clause
5.7.21.2 except that only one load cycle is required with each load
increment to be held for 1 hour until two times the horizontal working load
or 300mm pile top deflection, whichever occurs first.

The stress levels in the pile and loading apparatus shall be kept within
their respective serviceability limit at maximum test load.

Lateral Load Tests on Working Piles

Where piles are subject to a horizontal working load exceeding 400kN or
10% of the allowable vertical pile capacity, whichever lower, then lateral
load tests on working piles shall be carried out. Lateral load tests shall be
undertaken on an adjacent pair of piles. Such testing shall be undertaken
by either jacking the piles apart or pulling them together.

The test load shall be applied at or within 0.5 metres of the pile cap soffit
level. The test load shall be equal to the horizontal working load of the
pile. Pile deflections shall be measured parallel to the direction of the
applied load such that the movement of each pile is measured in absolute
terms and not as a relative movement between piles. Dial gauges and
load cells used shall be accurate to 0.1mm and 10kN for deflection and
load measurements respectively.

Deflection shall be recorded for every 12.5% of the test load, during both
loading and unloading. Where specified on the Drawings, the rotation of
the pile shall be recorded at the same increments. Loading sequence
shall be carried out in 2 cycles. At the first cycle, the pile shall be tested
to 75% of the test load and then reduced to zero. At the second cycle the
pile shall be tested to 100% of the test load and then reduced to zero.
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For both loading cycles, the load shall only be increased if the rate of
movement is less than 0.2mm in 20 minutes and subject to a minimum
holding period of 20 minutes at the end of each incremental increase.
The minimum holding period may be reduced to 10 minutes if the rate of
movement is less than 0.1mm in 10 minutes for every load increment
previously applied on the first cycle during the second loading cycle. The
minimum holding period shall be 3 hours at the maximum load for both
the first and second loading cycle. The minimum holding period during
unloading shall be 20 minutes at the end of each incremental decrease
for both load cycles. Presentation of results shall be consistent with
Clause 5.7.16 modified as required for lateral load testing and as
accepted by the Engineer.

Abandonment of Lateral Load Tests

A lateral load test shall be abandoned if any one of the following occurs:
() faulty jack or gauges

(b) unstable support of loading apparatus
(c) cracking of or damage to the pile

(d) incorrect or disturbed datums or any other cause.

If a test is abandoned a replacement test shall be carried out. The
originally tested pair of piles shall not be re-tested unless in the opinion of
the Engineer such re-testing will give representative results for the piles
as if they had not previously been tested.

Failure of Lateral Load Tests on Working Piles

A pile or pile group under lateral load test shall be deemed to have failed
if the lateral deflection or rotation at the pile cap soffit level exceeds the
Serviceability Limit State (SLS) criteria at the test load. In this event,
remedial works shall be carried out as required in Clause 5.7.21.5.

In addition, the Contractor shall at his expense carry out two more
additional working load tests. The piles for these tests shall be selected
by the Engineer.

Remedial Works for Excessive Deflections

In the event that a pile fails a lateral working load test, the Contractor
shall carry out remedial measures.

Working piles, which have failed the lateral load tests and have had
remedial measures applied shall then be re-tested. This re-test shall not
be taken as one of the additional tests required under Clause 5.7.21.4. All
piles for which the particular lateral load test was agreed to be
representative, shall have similar remedial measures applied.
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Remedial measures may consist of:

(@) Excavation of all materials for a distance of not less than 5 metres
from pile face, around the entire pile to minimum 1m below the level
of the pile cap soffit. The width of excavation shall be the same on
all sides of the pile.

(b) Backfilling and compaction of the excavation hard against the pile in
layers. The material in backfilling shall have a minimum value of
modulus of deformation of 45 MN/m?, as determined by a plate
bearing test, following compaction to the requirements of Chapter 4,
Earthworks.

The Contractor may propose alternative remedial measures such as
compensating piles subject to the acceptance of the Engineer.

INTEGRITY TESTS
General

The following integrity tests shall be undertaken by the Contractor as
appropriate:

(@) Proof Coring
(b) Sonic Logging

(¢) Low Strain Impact Integrity Test

The testing is to be carried out by a SAC-SINGLAS accredited testing
agency, to be proposed by the Contractor for acceptance by the
Engineer.

All tests shall be carried out under the direction of an experienced and
competent supervisor conversant with the test equipment and test
procedure, and acceptable to the Engineer. All personnel operating the
test equipment shall have been trained in its use. All interpretations of the
test results shall be done by experienced and competent personnel.

The Contractor shall submit to the Engineer a full method statement
describing the testing equipment and procedures at least two weeks
before carrying out the first of any particular type of test. In the case of
sonic logging the method statement shall be submitted two weeks before
the concreting of the first pile to incorporate sonic logging tubes.
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Test reports shall contain the following general information:
(@) contract number and name

(b) pile location plan

(c) pile reference number

(d) pile diameter

(e) working load

(H date on which the pile was bored and concreted
(g) cube strengths of pile concrete

(h) date on which the pile was tested

(i) identification of supervisor

() identification of analyser

(k) the originals or clear copies of the photographic records
()  aninterpretation of each record

(m) a review of any anomalies in terms of influence of poor materials or
workmanship during pile construction.

Proof Coring

The quality of concrete in bored piles shall be checked by the Contractor.
This shall be achieved by vertical coring to at least 0.5 metre below the
pile toe using a triple tube coring barrel at a suitable location of the pile.
The core so produced shall not be affected by drilling disturbance and
shall reflect the condition of concrete in the pile. It shall not be less than
50mm in diameter and shall be placed in suitable core boxes in the order
of core recovery.

Coring work shall be completed before the concrete in the pile has
reached an age of 28 days to allow the cores to be tested at 28 days. The
Engineer shall mark the sections of the core to be tested and the
Contractor shall arrange for transport to the testing laboratory. The
remainder of cores shall be delivered to a core store provided by the
Contractor.
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The quality of cores produced shall meet the following criteria:-
(@ Concrete

i) Concrete Strength Requirements.

i) Visually free from defects, such as contaminants and
honeycombs, etc.

i) 100% Total Core Recovery (TCR).
iv)  100% of Rock Quality Designation (RQD).
(For this purpose, concrete is considered as being rock).
(b) Soil / Rock immediately below pile toe

)] 100% Total Core Recovery

The piles, with cores not satisfying the above requirements, may be
rejected at the discretion of the Engineer.

On completion of proof coring, the core cavity within and below a pile
shall be grouted to the acceptance of the Engineer. The grout shall be of
the same compressive strength as the pile concrete, of non-shrink type.
Details of the Contractor's proposed grouting method and mixes shall be
submitted to the Engineer 14 days prior to undertaking any such
operation.

Sonic Logging Tests

'Sonic Logging' means the measurement of the time travel of a sound
wave from an emitter to a receiver through the concrete of a pile. The
emitter and the receiver shall generally be at the same level.

Sonic Logging Tubes

Piles selected for sonic logging tests shall be provided with sonic logging
tubes cast into it.

The tubes shall be manufactured from steel and shall extend 0.2m to
0.5m above the pile head and 0.2 to 0.5m above the pile toe. The tube
shall have an internal diameter not exceeding 50mm, except for one tube
in each pile, where it shall be of internal diameter 100mm in order to allow
for coring of the concrete at the base of the pile.

Three tubes shall be required for piles up to 800mm in diameter and four
tubes shall be required for piles above 800mm in diameter.
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5.8.3.2 Sonic Coring
5.8.3.2.1 At least 7 days after the pile has been cast, but before carrying out any

5.8.3.2.2

5.8.3.2.3

5.8.3.24

5.8.3.25

5.8.3.3

5.8.3.3.1

5.8.3.3.2

5.8.34

5.8.3.5

5.8.3.6
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sonic logging test, a core of concrete and soil or rock from the founding
material shall be taken.

The core shall be taken from the base of the 100mm diameter sonic
logging tube using a triple tube core barrel and shall have a minimum
diameter of 50mm.

The acceptance of coring shall be in accordance with Clause 5.8.2.

The core shall be kept in a suitable box with depths clearly recorded on
rigid markers, shall be photographed along with a scale and colour chart.
Thereafter, these shall be delivered to a core store designated by the
Engineer.

The scanning of the pile toe for its integrity by measuring the propagation
time of transmitted waves between the vertical tubes and the pile toe/
founding strata shall also be carried out.

Sonic Logging Equipment
The equipment shall be properly maintained and calibrated.

Where necessary, means shall be provided to centralise the probes
within the tubes, so that variation in the separation of the emitter and
receiver resulting from clearance between the probes and the tubes does
not occur.

Test Procedure

The tubes shall be filled with water. The tests shall be repeated for each
pair of tubes, i.e. three runs for a pile with three tubes and six runs for a
pile with four tubes.

Analysis of Test Results

Any deviation from the record to be expected from a pile constructed
entirely of sound concrete and without defect shall be reported. The
report shall indicate the nature, location and severity of the defect and
recommendations shall be made for further testing. The implication of the
existence of the defect on the performance of the pile shall be evaluated.

Submission of Results

The field records of the measured parameters shall be plotted and
submitted to the Engineer immediately after the test. The detail report
shall be submitted within 7 days and shall include an interpretation of the
field results.
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Anomalous Sonic Logging Test Results

The piles with anomalous sonic logging results shall be rejected at the
Engineer discretion unless the Contractor is able to demonstrate that the
pile integrity is acceptable through proof coring.

Grouting of Pile after Testing

Upon completion of sonic logging test, the access tubes and sonic coring
holes, shall be grouted up in accordance with Clause 5.8.2.

Low Strain Impact Integrity Test

Low strain impact integrity test shall be carried out in accordance with
ASTM D5882 Standard Test Method for Low Strain Impact Integrity
Testing of Deep Foundations.

The test measures the acceleration or velocity and force (optional)
induced by the impact of a hand held hammer on a pile in order to
evaluate its cross-sectional area, length, continuity, as well as
consistency of the pile material.

Preparation of Pile Heads

The Contractor shall expose sound concrete and level the surface for
fixing the transducers and for hammer impact to the pile head.

Cast in place piles shall not be tested until the concrete has achieved its
design strength.

Analysis of Test Results

Shafts with no significant reflections above the pile toe and with a clear
pile toe reflection shall be accepted.

Any deviation from the record to be expected from a pile constructed
entirely of sound concrete and without defect shall be reported.

The report shall indicate the nature, location and severity of the defect
and recommendations shall be made for further testing. The implication
of the existence of the defect on the performance of the pile shall be
evaluate.

Submission of Results

The field records of the measured parameters and relevant charts shall
be submitted to the Engineer immediately after the test.
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5.8.4.3.2

5.8.4.3.3

5.8.4.4
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The detail report shall be submitted within 7 days and sheuld shall include
an interpretation of the field results. Construction records such as
concrete pour volumes against depth and soil borings logs shall be used
in the interpretation of the results.

The report shall include the following information:

(@)
(b)
©
(d)
(€)
(f)

Velocity of sound in concrete, appropriate to the strength of the pile.
Whether the above was assumed or measured

Equivalent cross-sectional area of the pile

Calculated pile length

Pile head stiffness

Condition of the pile toe

Anomalous Test Results

The piles with anomalous test results shall be rejected at the Engineer’s
discretion unless the Contractor is able to demonstrate that the pile
integrity is acceptable through other methods of integrity tests.
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APPENDIX 5.1
TEMPLATE FOR PILE LOAD TEST REPORTS
1. Pile Load Test Summary

a. Project Details

iii.  Structure:
iv. Pile load test no:
v. Main Contractor:
vi.  Piling sub-contractor:
vii. Testing sub-contractor:
b. Pile Details
i. Pile reference no:
ii. Location:
iii.  Northing:
iv. Easting:
v. Pile type:
vi. Pile size:
vii. RL of pile top:
viii. RL of pile toe:
ix. RL of ground level:
X. Concrete grade:
xi. Reinforcement details:
xii. Working load:
xiii. Casting date:
C. Test Detalils:
i. Testdate:
ii. Testload:
iii. Measured settlement:
iv. Summary of test results:

Project:
Contract No:

2. Location Plan
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APPENDIX 5.1 (Cont’d)
3. Instrumentation Layout, Test Results and Graphs

a. Layout
I. Layout of settlement and load measuring devices

ii. Location of stain gauges
iii. Depth of extensometer

b. Test results
i. Records of applied loads and pile head settlements

ii. Records of applied load and strain gauge readings
iii. Records of applied loads and extensometer readings

C. Graphs
i. Load-settlement curves

ii. Load transfer curves
iii.  Skin friction Vs applied load
iv. End bearing Vs applied load

4. Pile Installation Records and Borehole (PDF Format)

5. Calibration Certificates
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CHECKLIST FOR STATIC PILE LOAD TEST TO BE ENDORSED BY CONTRACTOR'S
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CONTRACTOR'S CHECK LIST FOR STATIC PILE LOAD TEST - DESIGN STAGE

PROFESSIONAL ENGINEER

For Kentledge base checking there shall be a Bore Hole within 5m radius from test pile

Geotechnical Check List
Bearing Capacity is checked for pile load test set-up
Soil Parameters used comply with GIBR

Factor safety is not less than 3.0 for allowable bearing capacity
for foundations supporting the kentledge

Estimated differential settlements for Kentledge base is within 1 in 150

If the answer is 'No' for Item 1.2 or 1.3, do one of the following

a Ground improvement
b Piling for the kentledge foundation
¢ Soil replacement

d Anchors or piles proposed as reation system with adequate design

factor of safety in accordance relevant codes

(B) Structural Steel Design Check List
Steel members designed shall comply with BS EN 1993

1 Beams designed for ultimate moment capacity?

2 Beams designed for ultimate shear capacity?

3 Beams checked for lateral torsional buckling?

4 Beam web bearing and web buckling capacity checked?

5 Caorrect assumption for the number of beams effective in web bearing
and web buckling to withstand the reaction load during jacking?

6 Deflection of beams checked to ensure it will not compromise the
overall stability of the setup?

(C) Others

1 Spacing of beams indicated on drawings as per the calculations

2 Grade of steel is shown on drawings for all beams

3 Concrete block size and stacking details are shown on drawings

4 Size of steel beams shown on drawings

NOTE

1. If any of the answer is 'No' in the above check list, a separate justification to be submitted

giving the alternative solutions to the Engineer's acceptance

2. The above check list covers the issues identified for kentldge stability and this

Yes

O Oodo 0O oOd

O Oododo

oood

check list is not intended to be a complete check list for pile load testing

BY PE (DESIGN):

ENDORSED BY QP(S):

O 000 0O 00

O O0oO0Oad

0000
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6.2
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CHAPTER 6

DIAPHRAGM WALL CONSTRUCTION

GENERAL

The materials and workmanship required by other Chapters shall apply to
diaphragm wall construction except where modified, amended or excluded
herein.

The recommendations of BS EN 1538 apply except where conflict occurs,
this Specification shall take precedence.

METHOD STATEMENT

The Contractor shall submit a method statement giving the full details of
proposed materials, plant and operations involved in the construction of
diaphragm walls. It shall include but not limited to the following:

(@)
(b)
(©)
(d)

()

(f)

(9)

(h)

0
(k)
(0
(m)

trench stability calculation;
dimensions and details of diaphragm wall panels;
dimensions and details of guide walls;

method of verifying the assumed bearing capacity of the soil below
the guide wall;

maximum allowable ground water level, lowest allowable slurry level
and density;

the allowable surcharge, with any sketches of allowable rig/service
crane positions;

methods of monitoring and checking the stability of the diaphragm wall
trench;

the type, source, chemical and physical properties of the bentonite to
be used;

the mixing, transporting and placing equipment for the bentonite slurry;
the cleaning and re-use of bentonite slurry;

the sequence of excavation and concreting of panels;

the formation of the joints and waterbars between panels;

the methods of monitoring and checking the tolerances associated
with the diaphragm wall panels including scanning of the verticality of
the trench walls;
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6.2.3

6.3

6.3.1
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(n)

(0)
p)

the methods of monitoring the stability of neighbouring properties,
highways, services and other underground structures;

details of disposal of contaminated bentonite slurry;

details of lifting devices such as spreader beams used to lift the steel
cages, including their maintenance schedule;

flowchart showing the diaphragm wall construction process;

site layout plan indicating the safe allowable boundary for crane
sitting/movement; and

weight of each reinforcement cages and details of lapping between top
and bottom reinforcement cage

Construction of diaphragm walls shall not commence until the Contractor's
proposals have been accepted by the Engineer.

Unless otherwise accepted by the Engineer, the construction of panels shall
be continuous once excavation has commenced. Excavated panels or part
panels shall not be left open at night or during weekends.

TRENCH AND GUIDEWALL STABILITY

To minimise the risk of trench collapse, especially in layers of fluvial sand
during or after desanding, trench stability calculations shall be prepared,
taking into consideration the following:

(@)

(b)

(€)

Ground water pressure. The water pressure in the ground typically
increases during diaphragm walling. The water pressure used in the
calculations shall be based on the highest level measured at the site
plus an allowance for an increase in head and this value shall be
justified before diaphragm walling begins. If the piezometers show
that the water pressure is higher than the value used in the
calculations, the Contractor shall not open any new trenches until the
calculations have been checked for the higher value. However,
panels that are already underway should be completed to avoid
them standing open for any significant length of time.

Slurry level. The slurry level shall always remain at least 1m above
the highest piezometric level, and the slurry level used in the
calculations shall be the lowest level expected in practice. A slurry
level at the top of the guide wall is not acceptable as a suitable basis
for calculation.

Slurry density. The slurry density used in the stability calculations
shall be the lowest value used in practice — which is typically after
desanding. The contractor shall justify the minimum density used
and back it up with field measurements.
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6.4

6.4.1

6.5

6.5.1
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(d) Surcharge. Surcharge shall be considered depending on the position
of plant. The value shall not be less than the nominal value specified
in the Design Criteria Chapter 3. If the plant is allowed to sit close to
the trench, the surcharge will be much higher than the nominal value.
Sketches showing the acceptable locations where the rig and service
crane may be placed shall accompany the calculations.

(e) Guidewall bearing capacity. The calculations for the guidewall shall
check stability against both horizontal loads and vertical loads. The
vertical loads shall be checked against the bearing capacity of the soill
below the guidewall. If the designer assumes a bearing capacity based
on the borehole logs, he shall also propose a means by which the
actual bearing capacity all along the guidewall can be verified. This
could be done by inspection of the soils.

(H Length of panel. In critical locations where a trench collapse could
cause excessive settlement and potential damage to adjacent
structures, the lengths of panel should be minimised.

The basis for the trench and guidewall stability calculations shall be
carried through into the Method Statement for diaphragm walling, to
ensure that the assumed design values are achieved in practice.

LEVELS OF WORK

Diaphragm walls shall be constructed to the levels shown on the Contract
Drawings for the Permanent Works or to the levels proposed by the
Contractor and accepted by the Engineer, which are necessary for him to
complete the Temporary Works and maintain safe working operations.

TOLERANCES

Construction shall be carried out in accordance with the following
tolerances:-

a) The minimum distance between guide walls shall be the diaphragm
wall thickness plus 25 mm and the maximum distance shall be the
diaphragm wall width plus 50mm. The guide walls shall be propped,
as necessary, to maintain these tolerances during the Works. The face
of the guide wall towards the trench and on the side of the trench
nearest to the subsequent excavation shall be the reference line. This
reference line shall not vary from a straight line or specified profile by
more than + 6mm in any 5 metres wall length and there shall be no
abrupt change in the alignment of the reference line.

b) The plane of the wall face to be exposed shall be vertical to within a
tolerance of 1 in 200. In addition to this tolerance 75mm shall be
allowed horizontally for local protrusions beyond the wall face,
resulting from irregularities in the ground excavated.
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c) Where recesses and inserts are formed within the wall, they shall be
positioned within a horizontal and vertical tolerance of £70mm.

d) The longitudinal tolerances in positioning the reinforcement cage head,
measured along trench shall be £70mm, and the vertical tolerance at
cage head in relation to top of guide wall shall be £50mm.

e) Notwithstanding the requirements of this clause the horizontal
tolerances may be aggregated only to the extent that they do not
exceed 250mm.

If during the general excavation it is detected that the above stated
tolerances have been exceeded, the Contractor shall submit for the
acceptance of the Engineer, his proposals for remedying the defects. In
addition the Engineer may call upon the Contractor to submit an amended
method statement for all future diaphragm wall construction.

HEADROOM

The Contractor shall note any restricted headroom on portions of the Works
and shall satisfy the Engineer that his method of excavation, spoil handling,
placement of reinforcement cages, stop ends, and concreting can be
accommodated within these restrictions.

REINFORCEMENT

Front and rear of cages shall be marked on site to identify them during
placement. The reinforcement shall be adequately fixed to avoid damage
and/or displacement during handling and lifting operations and to maintain
the minimum specified cover during concreting. Lifting points shall be
painted a contrasting colour for ease of identification. Lifting points and
design of lifting lugs shall be acceptable to the Engineer. Spacers of an
accepted type shall be incorporated in the cage construction to ensure
correct cover is maintained. The spacers shall be capable of resisting
deformation during cage placement within the trench and shall not entrap
slurry during concreting.

WELDING OF REINFORCEMENT

Welding of cold worked high tensile reinforcement bars shall not be
permitted as a method of splicing cages. Welding of hot rolled high tensile
steel bars will be permitted provided that the method used will not adversely
affect the properties of the bars.
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6.9 CONCRETE
6.9.1 Structural concrete for diaphragm walls shall have a minimum cement
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6.10.5
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content of 400kg/m? where the concrete is being place by tremie methods,
in accordance with BS EN1997-1. Minimum slump of the concrete shall be
150 mm and the mix shall flow easily within the tremie pipe and be
designed to produce a dense impervious concrete. Such structural
concrete shall have a minimum strength of 30N/mm? at 28 days and the
water cement ratio of the mix shall not exceed 0.55. Admixtures may be
used subject to the acceptance of the Engineer.

BENTONITE

Bentonite for use in the wall support slurry shall be in accordance with BS
EN1538. Samples of the bentonite to be used shall be submitted to the
Engineer for acceptance.

Samples shall be taken so that at least one test is carried out for every ten
tonnes of bentonite supplied. A certificate shall be provided with each
consignment stating the properties of samples tested. Tests shall be carried
out to provide the following information:

a) Apparent viscosity and gel strength of a suspension of bentonite in
water.

b) Moisture content of the bentonite powder and wet screen residue on
US 200 mesh sieve.

c) A statement of the conditions of test, such as any results of water
analysis, mixer type, mixer speed during testing, time of stirring and
time of testing after initial addition of bentonite to the water.

For any 100 tonnes of bentonite, moisture content shall not deviate by more
than *2%, apparent viscosity by more than +2 cps and gel strength
measured at 10 minutes by more than plus or minus 0.023 N/m?.

Allowance shall be made for one sample of bentonite powder per panel to
be tested under the same conditions as those under which testing was
carried out by the supplier or manufacturer, at the date work on the panel is
commenced.

Water used for dispersion of bentonite shall be as nearly neutral in pH as
practicable and care shall be taken to exclude saline water or water
contaminated by salts. Bentonite powder shall be mixed thoroughly into the
water by a suitable high shearing action mixer until all lumps have been
broken up and dispersed within the mix.
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6.11 TESTING BENTONITE SLURRY
6.11.1 The testing equipment employed shall be as specified in American
Petroleum Institute standards (Ref. API-RP-13B). Additional or alternative
equipment may be employed with the acceptance of the Engineer.
6.11.2 Bentonite slurry shall be tested for:-
a) density using a mud balance;
b)  viscosity, yield stress and gel strength using a Fann viscometer;
c) viscosity using a Marsh funnel;
d) pH with an electric pH meter; and
e) sand content.
6.11.3 A sample of bentonite slurry shall be obtained from the panel during
excavation for every 5 metre depth or each change of soil type.
6.11.4 A full range of tests shall be taken when additional wall support materials
are added to the slurry.
6.11.5 The pattern of relationship between gel strength, viscosity, and density shall
be established on site so that:
a) The gel strength / viscosity relationship does not produce excessive
combined values likely to produce slurry entrapment;
b)  No flocculation of the bentonite occurs;
c) No settlement of the solids within the slurry occurs;
d) The range of values for slurry properties conform to BS EN1538
unless otherwise acceptable to the Engineer.
6.11.6 Density, viscosity and gel strength shall be measured together with sand
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content from a sample taken at the base of the trench immediately before
concreting. The Engineer may require the slurry to be changed if the sample
fails to meet the required characteristics.
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STORAGE OF BENTONITE

Bentonite shall be stored in cool dry conditions. Particular care shall be
taken with bulk storage to prevent balling of bentonite powder due to
dampness or deterioration of properties due to dampness and heat.

ALTERNATIVE MATERIALS

The Contractor may propose additional or alternative ingredients and
admixtures to the wall support slurry as specified above. Samples and full
details including the supplier and manufacturer of such ingredients shall be
submitted. Any such materials must not detrimentally affect the concreting
or formed concrete.

Alternative materials shall be tested as for bentonite, where appropriate, or
alternative tests shall be proposed by the Contractor to demonstrate the
required properties. Storage conditions shall follow the supplier’s
recommendations.

TREMIE CONCRETE

Tremie pipes shall be clean, water-tight and with a minimum internal
diameter of 250 mm. The outer diameter should be such that it passes freely
through the reinforcement cage. The tremie pipe shall have a plug of
suitable material or other means to separate concrete in the pipe from
bentonite at the start of concreting. The pipe shall extend to the bottom of
the trench excavation prior to concreting and care shall be taken to ensure
that all bentonite slurry is expelled from the tube during the initial charging
operation. The tremie pipe shall be maintained with a minimum embedment
of 3.0m into the concrete to prevent the re-entry of slurry into the pipe. The
Contractor shall ensure that an adequate supply of concrete to the tremie is
available at all times so that placement is continuous. The number of tremie
pipes per panel shall be acceptable to the Engineer. Where more than one
tremie pipe is employed during concrete pouring to any one panel, the
charging of concrete in the pipes shall be evenly distributed between the
tubes to ensure that no differential head exists at the concrete/slurry
interface over the length of the panel. This level shall be confirmed by
soundings taken during the concrete pour.

TEST CUBES

Test cubes shall be made and tested in accordance with BS 1881. Test
cubes shall be taken for each panel constructed and in accordance with the
requirements Chapter 11 Concrete and Reinforcement Bars. Cubes shall
have the same marks as the wall panel numbers and shall be sub-marked
within each panel set.
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6.16 BACKFILLING
6.16.1 Lean mix concrete with an aggregate cement ratio of 40:1 with a water
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cement ratio between 0.65 and 0.7 shall be employed as backfill above any
cut-off level for structural concrete and be taken to the top level of the guide
walls. Placing of the lean mix concrete shall take place not less than 24
hours and not more than 3 days after placing the structural concrete in each
wall panel.

STOP ENDS

Stop ends, inserted before placement of concrete in the panel, shall be
clean and have a smooth regular surface. Any shutter release agent shall
be to the acceptance of the Engineer. Where stop ends are inserted in
sections, adequate joint connections must be provided to ensure verticality
of the complete tube.

The extraction of stop ends shall be carried out such that no damage is
caused to the panels or adjacent soil and structures.

INSERTS

Box-out and adequate protection shall be done to protect any inserts. The
Contractor shall submit their proposal to the acceptance of the Engineer.

MONITORING

The Contractor shall assist the Instrumentation and Monitoring Contractor in
their instrumentation readings taking, necessary for the close and
continuous monitoring of the movements of adjacent structures, services
and underground constructions.

SAFETY AND EMERGENCY PROCEDURES

The Contractor shall take all necessary precautions to ensure stability of his
excavations, guide walls and the safety of personnel in the area of
operation. He shall maintain, available for immediate use, a sufficient
quantity of slurry to allow for any sudden loss.

Should the loss continue despite the addition of slurry and the stability of the
trench is at risk, the Contractor shall immediately inform the Engineer and
take immediate remedial action to stabilise the trench and ensure the safety
of neighbouring structures and services.
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6.21 SITE CLEANLINESS

6.21.1 The Contractor shall ensure that the site be cleared of slurry to the
acceptance of the Engineer, and that his operations be conducted in such a
manner as to minimise any spillage of slurry over the site.

6.22 OBSTRUCTIONS

6.22.1 An obstruction is defined as material that requires chiselling, explosives, or
pneumatic tools for its removal. Upon encountering an obstruction, the
Contractor shall immediately inform the Engineer and agree the method to
remove the obstruction.

6.23 DISPOSAL OF SPOIL

6.23.1 Spoil shall be separated from the slurry employed in the excavation process.
It shall be disposed of as quickly as possible to an acceptable dumpsite and
in such a manner that spillage and annoyance are minimised.

6.23.2 Contaminated slurry, not suitable for re-use, shall be removed from site and
disposed of in accordance with Clause 6.27.

6.24 JOINTS

6.24.1 Where concrete is cast against previously completed wall panels, the
previously formed concrete shall be cleaned so that solid substances are
removed before the joint is formed. Waterbars that have been tested to
BS2571 and BS2782 shall be provided and held in place by suitably
designed profiled forms. The width of waterbars shall be not less than
200mm.

6.24.2 PVC (polyvinyl chloride) waterbars shall be provided and held in place by
suitably designed profiled forms. The width of waterbars shall be not less
than 200mm. The PVC waterstop shall be extruded from an elastomeric
plastic material of which the basic resin is pure virgin polyvinyl chloride. The
PVC compound shall not contain any scrapped or reclaimed material. The
waterstop shall meet the performance requirements as follows:

Property Test Method Required Limits

Water absorption ASTM D570 0.15% max.

Tear Resistance ASTM D624 35KN/m min.

Ultimate Elongation ASTM D638 300% min.

Tensile Strength ASTM D638 14Mpa

Specific Gravity ASTM D792 1.45 max.

Hardness, Shore A ASTM D2240 To manufacturer’s
specifications

6.24.3 When the diaphragm wall is exposed, the Contractor shall repair any joints
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that have jetting, spraying or leakage of water.
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6.25 CLEANING
6.25.1 The exposed surface of the diaphragm wall shall be thoroughly cleaned to

6.26

6.26.1
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remove all traces of bentonite, soil, or other contaminating materials. This
requirement shall apply irrespective of whether or not the exposed panel is
to be subsequently covered by insitu concrete.

RECORDS

The following records shall be kept for each wall panel and such records
shall be available for inspection by the Engineer within 24 hours of the
completion of each panel.

a)
b)
c)

d)

9)

h)

Panel Number;
Dates and times of start and finish of panel excavation;

Details of any obstructions encountered and the time spent in dealing
with obstructions;

Date and time of completion of cage placement;

Date and time of start and completion of panel concreting;

Length, width and depth of panel from top of guide wall level;

A log of soil type encountered from start to finish of excavation and
water levels;

Volume of concrete used and time of any interruptions recorded in
concrete supply where these exceed 15 minutes. Volumes of normal
and lean mix concrete;

Cut-off level of concrete below top of guide wall level;

Date, place and time of slurry control tests and results recorded;
Concrete test cubes, markings, date and results obtained on testing;
Details of cage type for reinforcement;

Quantity of slurry removed from site and spoil removed from site
recorded by date;

A graph of theoretical and placed concrete volumes with depth.
Trench verticality record / scanning graph;

Details of any trench collapse incident encountered.



Engineering Group Document E/GD/09/104/A2

M&W for Civil & Structural Works MW /6/11

6.27 DISPOSAL OF SLURRY

6.27.1 The Contractor is responsible for arranging his own sites for disposal of
used bentonite or contaminated slurry that is not suitable for re-use. With
reference to the General Specification, the Contractor shall note that used
bentonite or contaminated slurry is not classified as “Unsuitable Material”.

6.28 CUTTING DOWN OF DIAPHRAGM WALLS

6.28.1 Concrete shall be cast to such a level that only sound concrete remains
below the specified levels.

6.28.2 Diaphragm walls shall be over-cast by a minimum of 600mm where only
sound concrete remains below the specified levels. It shall be cut down to
sound concrete that is free of contaminants, or to such a level as is required
by the design.

6.28.3 Where the cutting down extends to within two meters of any waterproofing
membrane, the cutting down shall be completed before the membrane is
laid.

6.28.4 Once the roof waterproofing membranes have been laid, any cutting down
shall be carried out by non-percussive means.

6.29 TRENCH EXCAVATION VERTICALITY CHECK

6.29.1 The Contractor shall carry out the verticality check of each diaphragm wall
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trench excavation using a scanning device and provide the scanning
graphical printout, The scanning shall be carried out for the entire depth of
the excavation at the near, far faces of the excavated trench, including the
both ends.
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CHAPTER 7
SOIL IMPROVEMENT WORKS
7.1 GENERAL

7.1.1 The Contractor shall appoint a Professional Engineer (Geotechnical)
[PE(Geo)] who shall prepare a detailed design of the soil improvement
works to the Engineer for acceptance.

7.1.2 A detailed description of the proposed instrumentation plan and
programme for the monitoring and controlling of the soil improvement
works during the ground treatment shall be submitted to the Engineer for
acceptance.

7.2 SOIL IMPROVEMENT USING PREFABRICATED DRAINS
7.2.1 Prefabricated Drains

7.2.1.1  The Contractor shall submit the following information of the prefabricated
drains:

(&) Manufacture material;

(b) Standard weight;

(c) Dimensions and tolerances;

(d) Geometrical profile of the drain;

(e) Void ratio of the d