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PART A: SPECIFICATIONS

A12.11 SCOPE

This Section covers specifications for design, construction and measurement and payment for various pile types for structures and bridges
relating to roads.

A12.1.2 DEFINITIONS

The following definitions shall apply to these specifications:
Auger bored piles - are those piles formed in holes bored with an auger drilling rig, with or without use of casing.

Continuous flight auger (CFA) piles - are constructed by drilling in a continuous operation, a CFA auger into the ground and, on reaching
required depth, pumping concrete or grout via a pressurised system, also in a continuous-motion, down the hollow stem as the ground-laden
auger is steadily withdrawn.

Full displacement auger piles - are piles constructed by drilling a displacement auger comprising a lower tapered augered portion of the
flight, a central displacement section and an upper auger section with reverse flighting and, on reaching required depth, pumping concrete or
grout down the hollow stem as the auger is steadily withdrawn.

Underslurry Piles - are piles excavated either by auger or grab-excavation (resulting in circular and rectangular cross-sections, termed
barrettes) under a head of bentonite/polymer slurry to prevent collapse of the pile excavation.

Screwed In Casing Auger Piles (SICAP) - are formed by screwing in a temporary casing and later removing internal material with an auger
while at all times maintaining a plug at the base to prevent water ingress. Twin rotary-drive systems may be used in which casings are installed
in a counter-clockwise direction with one drive head and clockwise-rotating augers with another.

Oscillator bored piles - are piles installed in holes bored by oscillating casings with hydraulic rams into the ground and removing spoil as
progress is made. Casings may be temporary or permanent.

Percussion bored piles - are formed by percussion driving segmental-coupled-casings and excavating soil inside the casing with a coring
tool. On attaining a suitable pile depth, a dry-cast bulbous base is formed. The pile may either be formed by filling the empty bore with high
slump concrete while withdrawing the temporary casing or dry mix concrete is pounded as the casing is withdrawn forming a series of bulbs
along the shaft.

Cast in situ piles (DCIS Piles) - are driven piles installed in holes formed by utilising a drop hammer acting on a sand/stone plug within a
tube. At founding level the plug is expelled from the secured tube. A bulbous base is formed by hammering measured quantities of inserted
dry mix concrete until the theoretically calculated energy required to ensure load capacity, is achieved.
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Precast piles - are driven precast reinforced concrete piles generally top driven into the ground using hydraulic or drop hammers displacing
in situ soils. They are cast in any suitable cross-section such as square, hexagonal, rectangular or circular.

Hollow tube steel piles - are driven steel tubes/permanent casings fitted with an end plate or rock shoe which is driven either from top or
base of tube. The pile is sometimes completed by filling the installed tube with concrete and reinforcing steel. Ductile cast iron piles (DIPs) fall
into this category.

Structural Steel Section Piles - or H-piles are driven piles installed either by vibration, drop or hydraulic hammer.

Self Drilling Micropiles - provide a composite load bearing system where continuously threaded hollow bar with a diameter of less 300 mm
is used as load bearing element. They are installed via rotary percussion with simultaneous flushing of the cuttings followed final grout injection
under pressure to fill the annulus between the tendon and the insitu material.

Founding Level - shall mean the underside of the underream, bulbous base or rock socket, the tip of the pile shoe or lower pile end, as may
be relevant

Integrity testing - may comprise cross hole sonic logging and/or sonic tapping.

Cross hole sonic logging (CHSL) - is a test method used to assess quality of installed piles. It involves installing tubes in piles and measuring
velocity and energy dissipation between source and receiver. Sonic tapping test measures frequency response and identifies pile anomalies
from hammer blows at pile head.

Cross hole seismic tomography - involves the measurement of the travel times of seismic ray paths between two or more boreholes in
order to derive an image of seismic velocity in the intervening ground.

Practical refusal - for any driving system, is defined as no more than 25 mm penetration per 20 blows of a hammer operated at maximum
fuel/energy setting, or at an agreed reduced fuel/energy setting based on pile installation stress control.

Ultimate bearing capacity - the ultimate bearing capacity of a pile is the maximum load which it can carry without failure or excessive
settlement of the ground.

Bearing piles - are piles that provide support for vertical loads imposed by structures.
Lateral support piles - are piles that provide lateral support to natural and constructed slopes and excavations.

Soldier Piles - or soldier pile walls are retaining walls with steel piles or reinforced concrete piles spaced at regular intervals. Lagging is placed
between the piles to retain the in situ materials.

Obstructions - are impenetrable objects which may comprise masonry, concrete, reinforced concrete, steel, boulders or other objects
requiring a different method of penetration and construction equipment to that required for soil or soft rock.

Crowd or down force - is the total force applied to the tip of the auger via hydraulics, winching or other means. It may be equivalent to the
operation mass of the machine.

Kelly Bar - is a shaft for extending auger length. It has a spring-loaded cam-action locking dog for transmitting downward force.

A12.1.3 GENERAL
A12.1.3.1 Method Statements

Where so indicated by the Engineer the Contractor shall prepare detailed method statements for each facet of the work describing key
aspects such as construction methodology, key plant, materials, personnel as well as any programme constraints of the envisaged
construction process.

These method statements shall be prepared and submitted to the Engineer for approval prior to commencement of that activity, within time
scales specified. The onus lies with the Contractor to ensure that the information is obtained and that associated activities are completed
expeditiously to avoid any delays in the commencement, continuation and completion of the required works. Unless otherwise specified
or provided for in the Contract Documentation no permanent works shall be commenced until the Engineer’s approval of the relevant
method statement. The Contractor shall, however, remain responsible for all work-methods, materials, plant and equipment used,
notwithstanding acceptance by the Engineer

Trials, if applicable, shall be conducted and based on outcomes thereof, may require that changes be made to the relevant method
statements.

The Contractor shall be required to construct test or trial piles and the testing thereof as specified herein and shall make due
allowance therefore in his programme. Allowance shall also be made for allow for the Engineer’s assessment of constructed piles,
procedures followed, and materials and plant utilised and test data. Production anchoring shall not be permitted until it is shown
and accepted by the Engineer that the Contractor possesses the necessary experience, plant and equipment to carry out the
works as specified in the Contract Documentation.

In the case of CFA piles, the following additional information shall be furnished in the Contractor’'s method statement:
- Expertise of the design Engineer,

- Design methods used to predict serviceability and ultimate load capacity of the piles and load/deflection
performance,

- Experience of site supervisors and operators in the form of CV’s and details of similar projects completed.
- Equipment for pile installation, including anticipated pressures at pump and auger toe and,
- Instrumentation for monitoring pile installation.

It should be noted that work shall only be performed by personnel listed by the Contractor. If personnel changes need to be made
during the project, works shall be suspended until replacement personnel are approved by the Engineer. Time lost due to
incomplete submissions, unacceptable submissions, or obtaining approval of replacement personnel will not be considered as
cause for extension of time or delay claims. All costs associated with incomplete, replacement, or unacceptable submissions shall
be to the Contractor’s cost.
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Once approved in writing by the Engineer, these shall become the method statements in accordance whereby the relevant portion of the
works shall henceforth be executed. Notwithstanding, the Engineer may require revision from time to time if circumstances during
construction arise which warrants change.

A12.1.3.2 Materials and Materials Design

All materials used in the works described hereunder shall meet the appropriate standards given below and/or specified in the Contract
Documentation and shall be subject to the approval of the Engineer. The contractor shall submit product certificates, conformance
documentation related to the specifications, test results as required together with samples of materials and, where applicable,
materials designs that he proposes to use in the construction of the works to the Engineer for his acceptance/approval as provided
for in the contract documentation.

Due allowance shall be made for obtaining materials, resubmissions and re-designs, all to the required/approved standards,
methods and practices in attending to these requirements. Particular attention shall be paid to the early submission of materials-,
concrete- and grout mix designs where parameters at various ages may be specified. No consideration for extension of the
contract period will be entertained for delays incurred in meeting these requirements.

Particular attention is drawn to the approvals required as indicated in Table A12.1.3-1 below regarding works carried out under this
section of the works:

Table A12.1.3-1: Required Approvals

Clause Requirements* Period
Design Approvals
A12.1.3.5 Alternative Designs for Piling and Piling Layouts 5 weeks prior to commencement of
piling
A12.1.3.5 (b) Alternative Piling Design Approvals 3 weeks prior to commencement of
piling
A12.1.31 Materials Design Approvals
A12.1.41 Mix design for concrete/grout for piles 6 weeks prior to commencement of
placement
A12.1.71
A12.1.41 Grout / concrete mix design for CFA pile / micropile | 6 weeks prior to commencement of
construction placement
A12.1.4.2
A12.1.71

Materials/ Equipment Approvals

A12.1.6.1 Piling equipment details 3 weeks prior to commencement of

any pilin
A12.1.7.2 y piing

Construction Approvals

A12.1.6.2 Contractor’'s method statement for test piles 3 weeks prior to commencement of
test piles
Load testing of piles and review of results 5 weeks after test pile installation
A12.1.7.7b) Contractor’s approved method statement for piling prior to commencement of
production piling
A12.1.7.8a) Details of design and pile driving criteria for precast piles 3 weeks prior to commencement of
piling
A12.1.7.7a) Contractor to notify Engineer when obstructions are | Within 24 hours of stoppage
encountered

A12.1.3.3 General Aspects

This section covers piles constructed of concrete or steel or a combination thereof.

If during the course of installing piles it is found that soil or founding conditions differ greatly from those described in the documentation or
shown on the drawings, the Contractor shall immediately notify the Engineer.

The Engineer shall, as often as he deems necessary, instruct the Contractor to conduct additional foundation investigatory work and/or
tests at or below respective founding levels with a view to establish safe bearing pressures and founding depths.

A121.3.4 Pile Type and Piling Layout

Pile type, layout, minimum size, steel reinforcement and concrete class required, shall be as detailed and specified on the drawings and
project specifications unless otherwise specified in the Contract Documentation.

A12.1.3.5 Alternative Designs for Piling and Piling Layouts

The following shall be applied where alternative designs for piling and piling layouts are submitted by tenderers if acceptable in terms of

the tender. It should be noted that in some cases alternatives are NOT permitted.
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a) Submission

A priced schedule of quantities submitted for alternative designs shall be compiled strictly in accordance with the contract with relevant
measurement and payment Clauses of these specifications. Where pay items defined in these specifications are omitted, it shall mean
either:

- Items do not apply, or

- Where the Engineer requires work falling under such items to be done, it shall be done without any cost to the Employer.

- Inclusion of "rate-only" items is not permitted.

Where pay items not defined in these specifications are used, measurement and payment requirements for such items shall be specified
in detail by the Contractor. Absence of such definitions, or in the case of any ambiguity, interpretation of the Engineer shall be final and
binding.

Except in piling-only contracts or where otherwise provided in the Contract Documentation, the Contractor shall price the schedule of
quantities for the original design in the tender, irrespective of whether an alternative design is offered.
b) Design

Critical design-load combinations acting on underside and centre-of-gravity of pile-capping slab, maximum permissible set of pile-capping
slab, and technical data required for designing alternative piles and/or piling layouts will be indicated on drawings. Alternative designs
shall comply with the provisions of Clause A1.2.4.1 of Chapter 1 and prescriptions set out below.

For submitted alternative designs, the Contractor shall submit with his tender a detailed description of method of analysis used in design
of piles and the pile-group layouts. Average length of pile and/or piles per group, on which quantities in the schedule for alternative designs
are based, shall be stated in each case. The type of pile offered shall be defined in terms of size, materials, working and ultimate load.

Consideration shall also be given to any bulk earthworks, which may affect length and downdrag on piles.

The Contractor shall be responsible for cost of redesigning, drafting and submitting detail drawings for any structural element affected by
the alternative pile design as well as the cost of the review of the alternative design/s by the Engineer. Any economy or incidental caused
by constructing such element compared to the original design, shall be for the Contractor’s account.

No piling work for which an alternative is offered shall commence unless approved by the Engineer, in writing. After approval, no departure
there-from shall be made without Engineer-authorisation. Final working drawings shall comply with the provisions of Clause A1.2.4.1 of
Chapter 1.

Where alternative piles fail during load testing as specified in Clause A12.1.8.4, the Contractor shall be responsible for the cost of work
required for rectifying piles and pile layout so as to comply with design requirements.
c) Basis of Payment

Where quantities in the schedule of quantities referred to in Clause A12.1.3.5a) on the one part, differ from the number of piles and
average pile length given in the submission for alternative pile design, on the other part, the Engineer shall accept the sum in the said
schedule of quantities, correct the quantities, and adjust the rates for the applicable pay items accordingly.

In addition to these corrections, the Employer shall be justified in using one of the following methods for paying for piles constructed in
accordance with alternative designs
(i) Method 1

The Employer shall check alternative designs, calculate quantities and adjust rates as set out in paragraph 1 of Clause
A12.1.3.5 ¢). The Employer will then pay for work in accordance with actually-measured quantities.

(ii) Method 2
The Employer may use the following formulae for calculating quantities under items C12.1.4 to C12.1.23 for payment:
Np = Nd
Lp =Nd. Ld + Nb(Lb-Ld)K for Nd > Nb and
Lp =Nd. Ld + Nd(Lb-Ld)K for Nd < Nb
K=Lb/Ld for Ld=Lb and
K=Ld/Lb for Ld<Lb
where:
p = paid, d = designed and b = built.

The term "units" means items of work measured and paid for under respective pay items such as piles, raking piles,
casings, under-reams, concrete, etc.

Np = number of "units" measured and finally paid for in a particular pile group.
Nd = number of "units" provided for in the tender for the alternative design in the same pile group.
Nb = number of approved and accepted "units" finally installed in the same pile group.

p = the length of the "units" measured and paid for or the length to be used in calculating quantities which are a direct
function of the length of the "units" for the same pile group.

Ld = the average length of the "units" provided for in the tender for the alternative design in the same pile group.
Lb = the average length of the Nb "units" actually installed in the same pile group.

Note: See the example below for application of formulas
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The values Nd and Ld for each pile group for which an alternative design was offered shall be supplied with his tender by
the Contractor for the respective "units".

The values of Nd, Nb, Ld and Lb for each pile group for which are to be used in the formulae for determining the quantity
for a particular pay item shall relate only to the piles where the item is measured.

Table A12.1.3-2 Measurement for payment for alternative piles in accordance with Clause A12.1.3.5¢c)

CRITERIA
Nd > Nb Lb Nd < Nb
K =Ld forLd > Lb
Np = Nd Np = Nd
Ld
K =Lb forLd <Lb
Lp = Nd.Ld + Nb(Lb - Ld)K Lp = Nd.Ld + Nd(Lb - Ld)K
Table A12.1.3-3 Example for measurement for payment of alternative piles
Nd > Nb Nd = Nb Nd < Nb
1.1 [Nd =30 Ld =12 1.2 [Nd=25 Ld=12 [1.3 [Nd =20 Ld =12
Nb =25 Lb=10 Nb =25 Lb=10 Nb=25 Lb=10
Ld > Lb
10 10 10
Lp =360 +25(-2) 12 =318 Lp =300 + 25(-2) 12 =258 Lp =240 +20(-2) 12 =207
No Length No Length No Length
Offered 30 360 Offered 25 300 Offered 20 240
Built 25 250 Built 25 250 Built 25 250
Paid 30 318 Paid 25 258 Paid 20 207
2.1 |Nd =30 Ld =10 2.2 [Nd=25 Ld =10 2.3 |[Nd =20 Ld=10
Nb =25 Lb=10 Nb=25 Lb=10 Nb =25 Lb=10
Ld=Lb Lp = 300 Lp =250 Lp =200
No Length No Length No Length
Offered 30 300 Offered 25 250 Offered 20 200
Built 25 250 Built 25 250 Built 25 250
Paid 30 300 Paid 25 250 Paid 20 200
3.1 [Nd=30 Ld=8 3.2 [Nd=25 Ld=8 3.3 [Nd=20 Ld=8
Nb =25 Lb=10 Nb =25 Lb =10 Nb =25 Lb=10
Ld <Lb
8 8 8
Lp =240 + 25(2) 10 =280 Lp =200 +25(2) 10 =240 Lp =160 +20(2) 10 =192
No Length No Length No Length
Offered 30 240 Offered 25 200 Offered 20 160
Built 25 250 Built 25 250 Built 25 250
Paid 30 280 Paid 25 240 Paid 20 192
A12.1.3.6 Piling Platforms

Piling platforms shall include re-working and strengthening of in situ material or artificial islands or any structure (excluding piling
equipment) constructed for gaining access to the positions where piles are to be installed and piling operations carried out. An adequate
margin of safety is required on bearing capacity and settlement to ensure system reliability during construction without any detrimental
affect to the permanent works.

The Contractor may, at his own risk, use any material deemed suitable by him for constructing islands, but he shall note that no separate
payment shall be made in terms of item C13.1.3.2 (Excavations) of Chapter 13, items C12.1.6, C12.1.8 and C12.1.9 as well as item
C13.1.30 (Caissons) of Chapter 13, for any obstructions or hard inclusions occurring in material used for constructing temporary banks
or artificial islands.

Design and construction of cofferdams shall comply with BS 8004. Before starting construction, the Contractor shall submit drawings
indicating details of cofferdams and methods of construction to the Engineer.

Structural piling platforms shall be rigid, and floating barges used for piling operations shall afford sufficient stability to enable the piles to
be properly installed without any risk to neighbouring facilities or personnel

On completion of piling, the Contractor shall remove all artificial, constructed platforms and reinstate the site to the satisfaction of the
Engineer.

A12.1.4
A12.1.41

The contractor shall design the concrete and/or grout used for the construction of all concrete piles in accordance with the requirements
given in Clause A12.1.5 below and Section A13.4 of Chapter 13. Mix designs shall be complete, presented on the required forms and
shall be presented to the Engineer with samples of all the constituents as required at least 6 weeks prior to placement

DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS
General
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A12.1.4.2 CFA Piling and Self-Drilling Micropiles

The grout and concrete mix design for CFA piles and Self Drilling Micropile construction shall be given special attention to ensure the
desired fluidity, compaction under self-weight, resistance to segregation, controlled set times are achieved, and all solids remain in
suspension in grout/concrete without excessive bleed-water. Submitted mix designs shall include curves of viscosity loss versus time to
ensure acceptable fluid-consistency for greater than 2 hours, such that the reinforcement may be inserted.

A12.1.5 MATERIALS
A12.1.51 General

All materials used in constructing of piles shall comply with the requirements given in these specifications. When requested by the
Engineer, the Contractor shall submit test certificates from an approved independent testing authority to show that the materials comply
with specified requirements, or where applicable certificates from patent holders or licensees certifying that manufactured items comply
in all respects with the relevant product specifications.

A12.1.5.2 Concrete and grout

The Contractor shall be responsible for the design of the concrete mix/grout mix used to form piles. It shall be so proportioned as to be of
sufficient strength and workability to enable properly placement, and, where self-compacting concrete is not used, it shall be thoroughly
compacted by approved means.

The relevant requirements of Clause A13.4 of Chapter 13 shall apply in respect of concrete or grout for piles. Unless otherwise specified
in the Contract Documentation all concrete used for piles shall be Prescribed composition (Class P) concrete in accordance with Clause
A13.4.7.8 of Chapter 13 where aggressive water (or soil) is anticipated, or Durable (Class D) concrete in accordance with Clause A13.4.7.7
of Chapter 13 for all other applications.

All concrete shall be categorized in the compressive strength classes as shown in Table A13.4.7-15 in Chapter 13.
Class D concrete mix shall meet the following criteria:

(i) the specified 28-day characteristic cylinder or cube compressive strength;

(ii) the specified 28-day nominal oxygen permeability index;

(iii) the specified 28-day nominal chloride conductivity value; or

(iv) a characteristic 28-day cylinder or cube compressive strength corresponding to the maximum water: cementitious binder ratio for
chloride (XS) environments.

For Class P concrete, the characteristic strength of the mix shall be based on the higher of the following values:

(i) the specified 28-day characteristic cylinder or cube compressive strength;

(i) a characteristic 28-day cylinder or cube compressive strength corresponding to the maximum water: cementitious binder ratio;
(iii) a characteristic 28-day cylinder or cube compressive strength corresponding to the minimum cementitious binder content; or
(iv) a 28-day characteristic cylinder or cube compressive strength corresponding to the maximum water content.

The fluidity and of each grout batch mixed shall also be measured with a flow cone in accordance with Clause A 13.5.5.9 of Chapter 13
and, if specified, with a viscometer. For stiffer grouts and grouts with fine aggregate as for CFA piling applications a modified CRD flow
cone with an enlarged (up to 19 mm diameter) orifice complying with ASTM1939 is used. Any variation exceeding 20 % of the average
daily recorded values shall be immediately brought to the attention of the Engineer.

The grout and concrete mix design for CFA piles and Self Drilling Micropile construction shall be given special attention (where applicable)
to ensure desired fluidity, compaction under self-weight, resistance to segregation, controlled set times are achieved, and all solids remain
in suspension in grout/concrete without excessive bleed-water. Submitted mix designs for CFA piling shall include curves of viscosity loss
versus time to ensure acceptable fluid-consistency for greater than 2 hours, such that the reinforcement may be inserted.

Grout and cement for self drilling micropiles shall comply with SANS 54199:2017 and normative reference EN 206:2013 which has been
adopted as SANS 50206:2015 (Concrete - Specification, performance, production and conformity).

Water for concrete and for grout for micropiles shall comply with SANS 51008.

A12.1.5.3 Aggregate
Aggregates shall comply with SANS 1083.

A12.1.5.4 Cementitious binder

Cement and supplementary cementious binders shall comply the requirements with Clause A13.4.5.1 in Chapter 13. The use of additives
shall be subject to the Engineer’s approval and demonstrated performance.

A121.5.5 Bentonite slurry

Bentonite slurry for underslurry piles shall consist of approximately 5 % of sodium bentonite powder by mass with water and be of such
consistency that soil and other heavy particles mixed with this bentonite slurry during excavation are held in suspension and do not settle
to the pile base. Water for bentonite slurry manufacture grout shall comply with SANS 51008.

A12.1.5.6 Reinforcing steel

Steel reinforcing bars shall comply with the requirements of SANS 920. For each consignment of steel reinforcement delivered to the
site, the Contractor shall submit a certificate issued by a recognised testing authority confirming that the steel complies with the
specified requirements. Cold-worked reinforcing bars shall not be used. The type of bar required shall be indicated on the drawings by
the symbols R, Y or Z in accordance with SANS 282.
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A12.1.5.7 Self Drilling Micropiles
Steel for the manufacture of Self Drilling micropiles shall comply with SANS 920 and EN 10210.

Steel for load bearing elements of a self drilling micropile shall comply with EN 10210 (Hot finished structural hollow sections of non-
alloy and fine grain structural steels), EN 10080 (Steel for the reinforcement of concrete) and SANS 920:2011 (Steel bars for concrete
reinforcement). A fine grained construction steel with a minimum grade S460NH shall be used to ensure that the load bearing elements
remain intact after installation.

Self drilling micropiles require a minimum Charpy V-notch impact energy of 40 Joules at -20°C tested in accordance with BS EN 100451-
1:1990 to withstand the installation process using rotary percussion.

The corrosion protection of the self drilling anchor shall take into account the surface geometry of the bar, the tensile stresses of the
steel and corresponding crack widths.

Connecting elements shall not compromise the required capacity of the load bearing elements.

A12.1.5.8 Mechanical joints for precast piles

These joints shall be cast and later machined and be of sufficient quality to transfer during static and dynamic loading, axial compression,
tension, shear force and bending moment in the pile without overstressing any component of joint, splice bars and surrounding concrete.

Joints shall have faces at right angles to the pile longitudinal axis to ensure jointed shafts exhibit one common longitudinal axis. To achieve
this, the joints must have devices for accurate location in shutter when casting concrete.

A12.1.5.9 Rock shoes

Precast pile-tip rock shoes, shall be of sufficient quality to enable the penetration of cobbles, boulders, or hard rock on level or sloping
surfaces.

A12.1.5.10 Steel tubes

Tubes shall comply with SANS 719 Grade B with wall thickness as specified in the Contract Documentation. Splicing bands shall be
approximately 250 mm wide and shall be manufactured from plate with same thickness as tube.

Lead sections of tubes shall have a steel plate or rock shoe welded to toe-end with a splicing band welded to top end.

Ductile iron piles (DIPs) are manufactured from cast iron which has had magnesium graphite flakes added. The annealing process in the
manufacturing creates a very thick, high corrosion-protection layer. Pipes shall have a tapered socket with an internal shoulder for full
engagement at the top and a tapered spigot at the bottom facilitating individual pile section connection to enable piles of any length.

The material properties of ductile cast iron are given in Table A12.1.5-1 below.

Table A12.1.5-1: Ductile cast iron material properties

Tensile Strength 420MPa
Yield Strength 320MPa
Compressive Strength 900MPa
Modulus of Elasticity 170 0O00OMPa

A12.1.5.11 Steel sections

Steel H-sections shall comply with SANS 50025 / EN 10025:2004. Where so indicated shear transfer cleats or lugs shall be welded to the
head of the pile to ensure the transfer of load from the pile cap into the pile.

A12.1.5.12 Casing

Temporary casings shall be sufficiently thick and rigid so as accommodate piling rig torque and to not deform under the collapse of
adjacent soil prior to concreting or while being extracted during concreting. Where casings may require jacking via hydraulic rams from
depth, double wall casings shall be used.

Permanent casings are usually corrugated steel galvanised liners or steel casings, 4,5 mm or thicker with a nominal ID as specified.

A12.1.6 CONSTRUCTION EQUIPMENT
A12.1.6.1 General

It is the Contractor’s responsibility to carefully scrutinise soil profiles given in geotechnical reports in conjunction with borehole cores to
satisfy himself that the pile rigs he intends to use on site are capable of penetrating the in situ soil/rock types to the depths indicated in
the Contract Documentation. The Contractor shall provide full details of all the equipment he intends to use in his method statement for
pile installation as detailed in Clause A12.1.7.2

A12.1.6.2 Installation equipment
Piles are generally installed using crane-supported pile installation frames, hydraulic drilling rigs or oscillators.

Selected or specified installation equipment shall be appropriate for the required pile installations and in good working order subject to
approval of the Engineer and shall comply with relevant legal provisions. Such shall also be capable of installing piles to the specified
depths, in the required positions true to line and rake.
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Rated capacity, boom lengths, torque, rotational speed, crowd and power of hydraulic units used to turn augers, casing or other piling
tools shall be appropriate to the specified /approved piling method and product.

Where so specified in Contract Documentation, installation drill rigs shall contain computer-controlled monitoring and control systems.
This equipment shall have capability to monitor and record the following:

- Auger rotation,

- Volume of grout or concrete,

- Depth of auger-injection point,

- Maximum and minimum grout or concrete pressure
- Torque delivered to auger, and

- Crowd (downward thrust on auger)

- Rate of penetration/withdrawal.

The above shall be detailed in a method statement.

All measurements should be referenced to (or plotted against) depth of auger injection point. Generally, this requires a rotational position
indicator on the auger head system and an electronic position indicator on the crane line or boom/frame holding the auger. Torque and
thrust load cells shall be positioned on the auger head systems, and electronic flow meters and pressure transducers placed in the
grout/concrete pressure lines. All monitoring equipment shall be calibrated at the project commencement in accordance with the
equipment manufacturer’s specifications.

A12.1.6.3 Grout/concrete pumps

The size and capacity of grout/concrete pumps utilised in piling shall be compatible with size of pile being constructed to ensure a smooth,
continuous delivery of grout or concrete is maintained. For CFA piles, grout/cement pumps shall be a positive-displacement capable of
developing pressures at pump of 2.4MPa verified by the instrumentation. Grout/concrete volumes are determined from stroke count or
in-line flowmeters and pressures by in-line sensors and cab-mounted instruments for informing operators. Records are required for quality
control purposes and quantity measurement.

A121.6.4 Equipment for underslurry piles

Bentonite slurry for underslurry piles or barrettes shall be mixed on site in a suitable mixing plant and stored in holding tanks with sufficient
capacity for continuance of the works. Bentonite slurry is fed to pile excavation during drilling operations and pumped back to storage
tanks during concreting. In the course of operations, slurry becomes intermixed with in situ material. This shall be removed before further
use, utilising cyclones and vibrating sieves or similar suitable equipment. All equipment shall be in good working order and shall be
approved by the Engineer.

A12.1.6.5 Equipment for displacement auger piles

Piling rigs used to install displacement auger piles shall be fitted with high-torque rotation heads and shall have a crowd and removal
capability for hollow-stem auger pile flights for the successful execution of the works. Displacement auger tools shall be designed to
ensure full displacement during downward pushing and rotation of the tool. This tool shall generally comprise a lower tapered augered
portion of the flight, a central displacement section, and an upper auger section with reverse flighting.

Hollow-stem flights shall be blocked off at toe with a suitable plug prior to the flight being lowered into position. The flight shall be rotated
and simultaneously pushed to penetrate the soil. Rate of penetration, torque and crowd shall be fully recorded on the rig's data capturing
system. Installation energy shall be calibrated against trial pile test data to ensure satisfactory pile load capacity during installation.

All equipment shall be in good working order and shall be approved by the Engineer.

A12.1.6.6 Equipment for Screwed-in Casing Auger Piles (SICAP)

Two systems are commonly used. A simple application involves the fitting of a bar to the auger flight t of the drill rig which is used to
screw in the casings. On reaching the capacity of the machine, the bar is removed and the auger is used for the internal removal of
material leaving a plug at base to prevent water ingress. The process is repeated until the desired depth is reached (usually on bed rock).

In more sophisticated systems, the drill rig is fitted with two independent superimposed rotary heads rotating in opposite directions to
simultaneously screw in casing and auger in opposite directions. Casings are usually screwed in counter-clockwise with the auger using
a clockwise rotation. The bottom of the auger is fitted with a sealing flap to prevent infiltration of water and/or soil into the central axis of
the hollow auger during screw-in phase.

The Contractor shall provide evidence that the proposed equipment is appropriate for the pile type and is in good working order for approval
by the Engineer.

A12.1.6.7 Equipment for Oscillator Bored Piles (OBP)

Oscillators used for installation of these piles shall be equipped with a pile-casing clamp for rotational movement through 15-20° and
hydraulic rams for lowering and raising of the casing. Casings are temporary with a possible permanent liner (inner casing) of specified
material thickness and nominal internal diameter (ID). Supporting cranes shall be equipped with various excavation tools required for
removal of spoil from pile-bore and for supporting tools and chisels for rock-sockets.

The Contractor shall provide evidence that the proposed equipment is appropriate for the pile type and is in good working order for approval
by the Engineer

A12.1.6.8 Equipment for Percussion Bored Piles (PBP)

Equipment used for installation of these piles generally consists of a tripod type mast with a winch and engine mounted on a frame fixed
to one of the legs of the tripod. The system uses temporary piling tubes manufactured in 1m lengths with screw-coupled sections. Various
excavation tools are used for spoil-removal from pile- bore and tube-driving. An internal drop hammer is used for forming enlarged bases
and a separate hydraulic jacking unit for tube extraction.
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The Contractor shall provide evidence that the proposed equipment is appropriate for the pile type and is in good working order for approval
by the Engineer.

A12.1.6.9 Equipment for Continuous Flight Auger (CFA) Piles

Rigs shall have adequate torque capacity to install the piles without flighting or undermining of the soil during drilling.

Auger flights for CFA piles shall be continuous from the top to the cutting-face tip, with no significant gaps or other breaks. Gaps less than
25 mm in flights, may only be present where auger sections are joined.

The length of any auger brought to site shall be such that it is capable of installing a pile to a depth 20 % greater than the depth of the pile
shown on the approved working drawings. Auger flighting shall be of uniform diameter, bend and damage-free throughout its length, with
an outside diameter greater than 97 % of the design-diameter. Only single helix augers shall be used.

The Contractor shall provide evidence that the proposed equipment is appropriate for the pile type and is in good working order for approval
by the Engineer

A12.1.6.10 Equipment for Self Drilling Micropiles
a) General drilling equipment

The drill rig and equipment shall be in good working order and capable of producing the anchor/bolt or soil nail hole to the required
dimensions, tolerances, direction, torques, blow impulse, blow energy and inclination without undue disturbance of the surrounding
material. Should the type of rig and/or equipment prove inappropriate for the requirements or conditions on site, these shall be replaced
by suitable equipment at the Contractor’s cost. The drill rig/lequipment shall be able to install and remove casings as required during drilling
operations, without loss of direction or inclination, in all materials.

b) Grout mixer

The mixer used for the manufacture of grout for anchoring purposes shall be a high shear colloidal mixer. The holding tank shall be fitted
with an agitator capable of maintaining the colloidal condition and fluidity of the mix. The outlet shall be fitted with a suitable filter with
openings of less than 1,0 mm to remove any aggregations larger than 4,0 mm.

c) Grout pump

The grout pump shall be a positive-displacement type and shall, unless otherwise specified, be capable of exerting a constant pressure
of up to 100bar or as may be required for high pressure grouting. The pump shall be fitted with a currently calibrated pressure gauge with
a dial of a suitable diameter enabling accurate readings to the nearest bar and a valve which can be locked-off without pressure loss. The
hoses used shall be appropriately rated for the pressures required. The grout volume flow shall range between 35I/min and 1201/min,
depending on the size of self drilling micropiles to be installed.

A12.1.6.11 Equipment for Driven Cast In Situ Piles (DCIS)

Rigs for installing DCIS piles have an engine, a winch, a mast, an open-ended piling tube and a long cylindrical drop-hammer which is
located within the tube-bore, the latter held and guided by the mast.

The Contractor shall provide evidence that the proposed equipment is appropriate for the pile type and is in good working order for approval
by the Engineer.

A12.1.6.12 Equipment for Precast-, Steel Tube- or Sectional Steel Piles
Piles shall be driven with gravity or hydraulic hammers or other approved means.

Precast concrete piles shall be driven with a hammer of mass greater than the pile mass. Other piles shall preferably be driven by a
hammer with similar mass characteristics. Piles shall be supported in line and position with leaders while being driven.

Pile driving leaders shall be constructed to afford freedom of movement of the hammer and held in position to ensure adequate support
for the pile or pile casing during installation. Inclined leaders are used for installing raked piles.

Heads of concrete piles shall each be protected by a pile cushion of cross-sectional area similar to the pile top. Pile cushions shall be
made of plywood, hardwood, or composite plywood and hardwood materials sometimes augmented by multiple paper layers. Pile cushion
thickness shall be greater than 100 mm.

Piles driven with impact hammers shall have adequate helmets or drive-heads to distribute the hammer force to the pile head and prevent
damage to any permanent component of the pile. Helmets shall be axially aligned with the hammer and the pile to prevent eccentric or
torsional impact and be guided by non-free swinging leaders.

Pile shoes as detailed/specified in the Contract Documentation shall be used.

H-pile shoes composed of steel plates welded to flanges and webs do not provide protection or increased strength at the critical flange to
web connection and shall not be used unless otherwise approved by the Engineer.

Followers shall only be used if approved. The follower and pile shall be held and maintained in equal and proper alignment during driving.

The Contractor shall provide evidence that the proposed equipment is appropriate for the pile type and is in good working order for approval
by the Engineer.

A12.1.6.13 Equipment for Ductile Iron Piles (DIPs)

Driven ductile cast iron piles utilises high strength ductile iron pipes manufactured using a spun-cast process. Outside diameters are
generally 118 and 170 mm and standard pile lengths are 5.0m.

Ductile iron pile systems consist of a tapered socket as the lead end of a 5,0 m pile with the drive end being a tapered spigot. This joint
system develops full capacity of the pile shaft with a high degree of axial and bending stiffness.

The lead pile section is fitted with an appropriate pile driving shoe. For friction piles this is a conical grout point and for end bearing piles
it a standard driving shoe or end plug. In normal unobstructed soils a flat shoe is used to form an end plug. For soils that contain
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obstructions that are to be penetrated a steel end plug with a rock point is used. Piles may be driven open-ended. When driven in this
manner, some 1,5 m of the lead section fills with soil during driving, sealing the pile against water and soil infiltration.

For friction grouted piles a conical grout shoe is fitted to the lead section. These grout shoes are available in 220, 270, 320- and 370-mm
diameter. The 220 mm grout shoe can be used only with 118 mm diameter piles while 270, 320- and 370-mm shoes can be used with
either 118 or 170 mm diameter piles.

The Contractor shall provide evidence that the proposed equipment is appropriate for the pile type and is in good working order for approval
by the Engineer.

A12.1.6.14 Equipment for rotary core drilling

The drill rig and equipment shall be in good working order and capable of producing the required hole to the required dimensions,
tolerances, direction and inclination and core recovery without undue disturbance of the surrounding material. Should the type of rig and/or
equipment prove inappropriate for the requirements or conditions on site, these shall be replaced by suitable equipment at the Contractor’s
cost. The drill rig/lequipment shall be able to install and remove casings as may be required during drilling operations, without loss of
direction or inclination, in all materials.

A121.7 EXECUTION OF THE WORKS
A121.71 Test piles

Where provided for in Contract Documentation, the Contractor shall install test piles at positions commensurate with production piles.

Test piles shall be installed to the same dimensions, using the same methods, personnel, plant, equipment and materials envisaged for
production piles.

It should be noted that concrete and grout mix design proposals are required to be submitted to the Engineer for approval 6 weeks prior
to placement.

A method statement describing every facet of installation shall be presented to the Engineer for his approval 3 weeks prior to
commencement of test piles.

Test piles shall be subject to testing. The installation shall be witnessed by the Engineer or his representative and the operation shall be
fully documented. The results shall provide the required installation parameters and procedures for compiling the method statements for
the production piles. Production piling shall not commence until the Engineer has assessed the results.

Test piles shall be paid for as for production piles, if applicable.

A12.1.7.2 Construction Method Statements

Production piling shall not commence until required method statements, materials designs and other requirements as specified are
received and approved, in writing, by the Engineer.

Due allowance shall be made for the installation, curing, testing and result assessment by the Engineer. Changes or deviations from
approved method statements shall require re-submittal for approval. No claims in respect of standing time or extension of time will be
considered in this regard.

The following shall be addressed as appropriate:

- List and sizes of proposed equipment, including drilling rigs, augers, pile driving equipment and other drilling tools, pumps for grout
or concrete, mixing equipment, automated monitoring equipment, and similar equipment to be used in construction, including details
of procedures for calibrating equipment as required,

- Step-by-step description of pile installation procedures,
- A plan of pile installation sequence,

- Target drilling parameters (along with acceptable ranges) for pile installation, including rotation speed, drilling penetration rates,
torque and, applied crowd pressures, grout pressures, and grout volume factors,

- Target driving resistance or set for driven piles

- Target concreting and grouting parameters (along with acceptable ranges) for pile installation, including grout pressures, and
concrete and grout volume factors,

- Details of methods of reinforcement placement, including support for reinforcing cages at pile-top and methods for centering cages
within the grout or concrete column,

- Mix designs for all grout or concrete used on the project, including slump loss vs. time curves and strength development vs. time
curves for mixes with fly ash and/or slag,

- Equipment and procedures for monitoring and recording auger rotation speed, penetration rates, depths, and crowd pressures during
installation,

- Equipment and procedures for monitoring and recording grout or concrete pressures and volumes placed during installation where
applicable,

- Contingency plans for equipment failures during drilling, grouting or concreting operations (grout pump, monitoring equipment, etc.),

- Procedures for protecting adjacent structures that may be adversely affected by foundation construction operations, including a
monitoring plan.
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A121.7.3 Setting out

It is the Contractor’s responsibility to set out pile positions and he shall stake these positions with an approved, durable marker system.
Where levels from which the piling is undertaken is above the underside of the pile-cap, due allowance shall be made for offset of raking
piles so that the piles shall be in correct position.

A12.1.7.4

Before starting any piling work, the Contractor shall notify the Engineer in good time to ensure that levels of the ground surface be taken
in order that an average ground surface from which the piling is to be measured can be established and agreed. Where foundation piling
at a site is preceded by excavation or construction of fill, the surface from which the piling is to be conducted shall be formed as near as
possible to the underside of pile-cap slab as directed by the Engineer.

Ground surface for foundation piling

Where provided for in the Contract Documentation, payment will be made for the provision of lateral support to excavations under pay
item C12.1.31. The cost of excavating the material shall not be included but paid for under items C13.1.3 and C13.1.4 of Chapter 13.

A12.1.7.5

Unless otherwise specified in the Contract Documentation the tolerances given in Clause A13.1.8.2 of Chapter 13 are the maximum
permissible deviations from specified dimensions, levels, alignment, positions, etc, shown on the drawings for structures or structural
members.

Construction tolerances

Any pile outside of these tolerances shall be subject to review by the Engineer and may be rejected or replaced at the Contractor’s
expense.

A12.1.7.6

Piling materials are those materials (or horizons or subsoils or substrata) that are penetrated during the course of the pile installation.

Piling materials

These materials are categorised as identified materials, unidentified materials and obstructions.

Identified materials are defined as those subsurface materials that were identified during the Engineer’s investigations and are described
in the Contract Documentation and drawings and for which provision is made in respect of penetrating such materials. Borehole core,
borehole logs and profiles are generally included in the documentation. Borehole cores, if applicable, are available for inspection.

Unidentified materials are materials encountered during boring and/or driving of piles that were not identified and described in Contract
Documentation and which presence was not foreseen and for which penetration rate drops more than that provided for in Contract
Documentation when the same method and effort are used or subject to additional methods and effort over and above those required for
penetrating identified materials being necessary for penetrating the materials. If unidentified materials are encountered which do not allow
pile-completion at a planned location, the Contractor shall notify the Engineer and designer within 24 hours for remedial action.

Obstructions are man-made features which may comprise masonry work, concrete, reinforced concrete or other objects requiring a
different method of penetration and which may require ancillary works such as cavity grouting to stabilise areas after penetration/removal
of obstructions. Where obstructions are encountered which do not allow pile-completion at a planned location, the Contractor shall notify
the Engineer within 24 hours for remedial action.

The following classification of materials shall apply to identification and description of identified, unidentified materials and obstructions:
- Matrix shall comprise that part of the material which will pass through a sieve with 50 mm x 50 mm openings.

- Coarse gravel shall comprise that part of material (stones, pebbles, cobbles, etc) which will pass through a 200 mm x 200 mm
opening but will not pass through a 50 mm x 50 mm opening. Gravel shall be obtained from material with greater than R2 hardness
as per Table A12.1.7-1.

- Boulders shall mean any rock mass with hardness of at least class R2 which will pass through a square opening with dimensions
equal to the maximum size boulder specified in the Contract Documentation but will not pass through a 200 mm x 200 mm opening.

- Rock formation shall be any rock mass with hardness greater than R2 which will not pass through a square opening with dimensions
equal to the maximum size boulder specified in the Contract Documentation.

Where a boulder is cut through and part of it is left imbedded in the wall of the pile hole, such boulder material shall be classified as rock
formation.

For identification of rock in terms of this Clause, classification given in Table A12.1.7-1 shall apply.

Table A12.1.7-1: Rock hardness classification

Unconfined/
Uniaxial

HARDNESS*

compressive
strength (MPa)

Class Description Field indicator tests

R2 Soft rock Can just be scraped and peeled with a knife, firm blows of pick point leave 3010
indentations 2 mm to 4 mm in specimens.

R3 Medium hard Cannot be scraped or peeled with a knife; hand-held specimen can be | 10 to 25

rock broken with hammer end of a geological pick with a single firm blow.

R4 Hard rock Point load tests on recovered borehole core shall be used for distinguishing | 25 to 70
between these categories.
These results shall be verified by means of uniaxial/unconfined

RS Very hard rock compressive-strength tests conducted on samples which have a diameter | Greater than 70
of between 50mm and 150mm with lengths greater tan 100mm and which
meet the requirements set out in the Note below.
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NOTE: The equipment used shall have a valid calibration certificate and the tests shall be carried out by an approved competent person.
Sample orientation in testing shall be similar to that in penetrating the tested material during piling. Standing time shall not be paid while
the results of tests are awaited.

* Classification after Core Logging Committee, South African Section, Association of Engineering Geologists:

" Guidelines for Soil and Rock Logging in South Africa, 2nd Impression 2002, eds. A.B.A. Brink and R.M.H. Bruin, Proceedings,
Geoterminology Workshop organised by AEG, SAICE and SAIEG, 1990.

A12.1.7.7 Cast in situ concrete piles
a) General
These include piles installed by rotary drilling (including auger drilling), percussion drilling and oscillator boring.

Where lateral support piles are specified, any widening to capping beams or structural elements constructed on top of the piles resultant
from misalignment of piles, shall be to the Contractor’s account. Such remedial actions shall be to the Engineer’s approval and shall take
cognisance of both Engineering and aesthetic considerations.

b) Formation of holes for piles

Holes for piles shall be formed using plant and equipment appropriate for type of pile to be constructed and materials through which holes
are to be formed. The Contractor shall perform drilling through whatever materials are encountered, to dimensions and elevations given
in approved designs and as shown on approved working drawings.

Augering and boring of pile holes shall be carried out as expeditiously as local conditions permit taking due account of services or other
restrictions on site. Spoil shall continuously be removed from the drilling platform to an approved temporary or permanent site. The
Contractor shall be liable for any delays or consequential damages of any kind resulting from his failure to immediately remove piling spoil
from piling platforms. The area surrounding the holes shall be cleaned after augering and boring to obtain a clean, level surface. Surface
water shall not be allowed to enter the hole.

Where indicated by the Engineer, suitable casing shall be installed in those parts of augered holes where potential side collapse may
occur, before concreting is completed. During extraction of casings, care shall be taken to avoid lifting placed concrete with concomitant
damage to the pile. Concreting can be carried out by tremie (as specified below) where required.

Water addition for augering and boring holes shall not be permitted unless approved by the Engineer.
c) Bulbous bases

Where required, bulbous (enlarged) bases shall be formed after driven casing has reached required depth. Bases shall be formed by
progressively displacing surrounding subsoil with approved concrete placed by repeated action of a gravity hammer. Base-size depends
on the compressibility of surrounding subsoil but shall in no case have a diameter less than 1,5 times the pile diameter.

d) Inspecting preformed holes

Equipment for inspecting pile shafts shall be provided and operated in accordance with the latest amendment or edition of “Code of
Practice Relating to the Safety of Men Working in Small Diameter Vertical and Near Vertical Shafts for Civil Engineering Purposes”,
obtainable from the South African Institution of Civil Engineers.

Immediately before any reinforcement is installed or concrete placed, the Engineer shall be informed thereof with a view to inspecting pile
holes if deemed necessary. Any potential for collapse of sides must be evaluated by a competent person and the hole only entered if the
hole is adjudicated to be stable and the risk is very small. Where there is any doubt in this regard the hole shall not be entered.

e) Installation Requirements
(i) Underslurry piles

Auger rigs shall be checked for verticality once set up at a pile position. Starter casing shall be installed to protect the top of
the pile from collapse during drilling and shall extend 1,5 m above the ground level. These casings shall be kept full with
bentonite slurry at all times. Pile shafts shall be concreted using tremie techniques. Measurements of the concrete surface
and tremie-tip level shall be taken regularly to check that the tremie is immersed more than 300 mm in concrete at all times.
Concrete cover spacer blocks shall be as specified in the Contract Documentation and shall be sufficiently wide to ensure
adequate cover in soft side-wall conditions.

Jaws or grabs used for excavation of barrettes shall be selected by the Contractor considering the materials to be excavated
and width requirements.

All auger underslurry piles and barrettes shall be concreted on the same day that the excavation is completed.
(ii) Displacement auger piles

The piling rig mast shall be adjusted for verticality or rake at the piling position. The flight is rotated and simultaneously
advanced to penetrate with all relevant parameters recorded during penetration. Installation energy shall be calibrated against
trial pile test data to ensure satisfactory pile load capacity. When the required installation energy and penetration depth is
achieved, grout/concrete is pumped through the hollow-stem, and the flight withdrawn during the pumping process. The rate
of the flight withdrawal shall be carefully monitored against the volume of grout/concrete pumped to ensure satisfactory pile
shaft integrity. The flight shall be rotated during concreting/grouting and the flight extraction process to ensure that the full
length of penetrated pile shaft is concreted/grouted. Spoil brought to the surface shall be continuously removed. The head
of the pile shall be cleaned before inserting reinforcement cages into the fluid concrete/grout using vertical crowd or vibrators
attached to the cage. Established refusal criteria shall be used to set pile tip levels for drilled displacement piles.

(iii) Screwed in cased auger piles (SICAP)

The piling rig mast shall be adjusted for verticality or rake at piling positions. The auger and casing are advanced
simultaneously to the design depth with the auger loosening internal soil and conveying it to the surface by auger flights inside
casing. The excavated soil shall be discharged through openings located at the casing-top, underneath the rotary drives.
Once the design depth is reached the flap at hollow-stem-auger base shall be opened and concrete or grout injected to the
base of the hollow stem auger. The auger and casing are simultaneously withdrawn to form the pile shaft. The rate of the
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flight withdrawal shall be carefully monitored against the volume of grout/concrete pumped to ensure satisfactory pile shaft
integrity. The head of the pile shall be cleaned before inserting reinforcement cages into the fluid concrete/grout using vertical
crowd or vibrators attached to the cage.

(iv) Oscillator piles

The oscillator machine is set up at the pile position and the initial casing, fitted with a cutting edge, is inserted into the oscillator
and clamped. Oscillating the casing backwards and forwards and releasing and raising vertical rams, enables tube-
penetration of the soil under its own weight. Excavation of spoil from the bore of tube using a grab proceeds concurrently
with casing penetration. Casings are coupled via mechanical joints. Boring continues with additional casings added as and
when required. Penetration of boulder layers is achieved with large chisels in combination with cutting edge of pile casing.
To reduce jamming risk, casings shall be moved to lubricate the outside and reduce friction.

Pile holes where chisels are stuck or jammed and cannot be removed, shall be abandoned, the casings filled with sand or
other material as directed by the Engineer and withdrawn. The Engineer shall determine whether a replacement pile is required
and shall instruct the Contractor accordingly. No standing time will be paid in this regard nor will claims for extension of time
be considered.

Once bedrock is reached, this shall be penetrated to form a seal against possible ingress of running sand and/or water. Rock
sockets shall be formed by chiselling and cluster drilling to the prescribed depth detailed in the Contract Documentation.
Debris shall be removed before concreting with a suction baler or other appropriate equipment. Reinforcing cages, fitted with
roller-type spacers shall be carefully lowered into position. If permanent liners are specified, these may be attached to the
reinforcing cages and lowered as a unit.

(v) Continuous Flight Auger Piles (CFA)

CFA piling shall not commence until sufficient supply of grout/concrete is present on site to complete a pile. Drilling parameters
(auger rotation speed, penetration rates, crowd, torque, etc.) for the production piles shall be within ranges established in the
pile trials. The auger-advance rate and rotation (established in test pile programme), shall be continuous to prevent excess
spoil being transported to the ground surface with automated monitoring equipment used to verify that target rates of
penetration are maintained during production piling. Penetration rates should generally be maintained such that the auger
advance is equal to or greater than the auger pitch for every 1.5 to 2 revolutions for cohesionless soils, or 2 to 3 revolutions
for cohesive soils. Loose cohesionless-soils are more susceptible to mining by auger flights and require greater attention. In
general, refusal is defined as an auger penetration rate of less than 0,3 m/minute with appropriate project appropriate
equipment. Augers shall not be extracted at any time during pile construction that results in an open unsupported borehole
or inflow of water.

Placement of grout/concrete shall commence within 5 minutes of auger achieving planned depth. Placement of grout/concrete
shall be continuous and monitored using automated systems to ensure adequate volumes are always pumped at positive
pressures as auger-withdrawal is in progress. Augers shall not be allowed to turn in place without either drilling or pumping
taking place. Where stoppages occur, holes shall be re-drilled.

Appropriate volumes of grout/concrete shall be delivered to the pile when the auger is near to the surface and significant
positive pressure cannot be maintained. Completion of the pile-top requires manual work to remove debris, soil or
contaminated grout/concrete before reinforcement is placed into the fluid grout/concrete. The Contractor shall use a small
form at the pile top, extending above level, to maintain a sound pile surface.

Reinforcing steel shall be lowered into the grout/concrete by gravity or pushed gently to final position by hand, vibrated, or
mechanical means while it is in a fluid state before set. It shall be held in position near the ground surface within the fluid
grout/concrete column by supports, appropriate for the reinforcement used, which shall remain in place until it reaches initial
set, or 24 hours, whichever is longer.

Pile termination/refusal criteria, if applicable, shall be established during trial pile installation. If refusal is encountered before
the planned depth is achieved, the rotation of auger shall be stopped, and the Contractor shall inform the Engineer. Installation
data shall be evaluated and determined whether the established termination-criteria were met, or if other action is required
for pile completion.

Adjacent piles within six diameters, centre to centre, of each other shall not be installed until it is demonstrated by the pile
Contractor that the grout/ concrete in the first pile installed, is fully set. Grout/concrete set shall be such that the integrity of
existing piles will not be compromised if drilling new piles causes mining of soil away from existing piles.

(vi) Driven cast in situ piles

A plug of dry gravel or sand shall be formed at the pile-tube-base by light tapping with the hammer. Hammer drop is increased
to drive the tube into the ground by successive blows as the plug arches in the tube simultaneously preventing ingress of
water and/or soil. The number of blows for 250 mm tube-penetration is monitored to generate a record of drive resistance
especially and when near the expected full depth. Tubes are driven to the depths specified in the Contract Documentation or
to such depth as indicated by the Engineer after trial pile installation. On reaching full depth, the plugs are driven out of the
tube-end by successive blows of the hammer. The tubes are held in place by extraction winches as the base plug is expelled.
Thereafter, enlarged bases are formed by gradually feeding zero-slump concrete into the tubes while at the same time
continuing with measured hammer blows expelling concrete to form the base. The volume of concrete expelled and the
number of blows is continually recorded and compared with the theoretically calculated energy required for the required load
capacity until the size of the enlarged base meets the specification. On completion of the enlarged bases, the steel shaft
reinforcement is inserted.

Shafts may either be formed with a zero or a high slump concrete. Zero slump concrete is used in conjunction with hammer
blows when an irregular shaft is required but care must be exercised to prevent damage to the main and especially spiral
reinforcement. High slump concrete is generally used. For both concrete types, tubes are extracted as the concrete is placed.
Care shall be taken not to extract the casings too rapidly and, cages shall be continually checked for possible uplift to negate
voided-concrete and other problems.

f) Rock sockets

Where required, rock sockets, to the required dimensions, shall be formed in rock formations of adequate strength, quality and thickness,
for transmitting specified loads. No separate payment will be made for socketing into rock other than under pay item C12.1.6.3c).
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g) Reinforcement

Reinforcing steel shall be free of oil, soil, excessive rust or other deleterious material. Reinforcement shall not be placed in pile holes until
immediately before concreting. It shall be accurately maintained in position without damaging pile sides or the reinforcing itself. Approved
circular cementitious or other approved spacers shall be placed at approved intervals and positions to maintain the reinforcing steel at
required distance from inside face of pile casing or pile hole wall. Spacers shall be manufactured out of concrete of the same quality as
pile so as not to cause zones through which aggressive ground water may penetrate.

Pile reinforcement is not be shown in the bending schedules. Only the number, diameter and type of bars and their arrangement will be
shown on the drawings. The Contractor may replace bars shown on the drawings with bars of different diameter, spacing and type, of
equivalent strength if approved by the Engineer.

Reinforcement shall be assembled in cages, sufficiently robust to prevent permanent deformation during handling. For cast-in-situ piles,
the insides of cages shall be kept open ensuring unrestricted placing of concrete.

Spiral reinforcement shall be tied to longitudinal bars at a spacing of less than 300 mm unless otherwise shown on the plans.
Longitudinal bars shall project above cut-off level as shown on the drawings, or by 40 times the bar diameter if no dimensions are shown.

Splicing reinforcing may be instructed to increase cage-length and the Contractor shall keep available sufficient steel reinforcing on site
to enable the assembly of additional lengths of pile reinforcing whenever necessary.

h) Provision for pile integrity testing
The Contractor shall provide and install 50/85 mm diameter mild steel tubes of 3,0 mm wall thickness for “Cross Hole Sonic Logging” in

all test piles and designated piles as per Clauses A12.1.8.4 and A20.1.5.6c) of Chapter 20. Frequency response (pile tapping) is
compulsory for all piles cast.

i) Casing

Generally temporary or permanent casing shall be installed full depth to prevent ingress of material from the sides of hole into the concrete.
With the Engineer’s approval, but at his own risk, the Contractor may halt casing installation in self-supporting materials except at hole-
top where concrete is placed under drilling mud. Casing should not extend into sockets. Casing shall be installed by approved means
when required by the pile type and/or as dictated by subsoil conditions including sidewall collapse and water ingress. Individual lengths
shall be adequately joined. Jamming of casing or loss of casing shall be immediately brought to the Engineer’s attention Voids formed
outside permanent casing shall be filled with approved material.

j)  Concreting of piles

Concreting or grouting of piles shall not commence until approved by the Engineer. The Contractor shall be responsible for design of the
concrete mix/grout mix used to form piles. It shall be so proportioned as to be of sufficient strength and workability to enable proper
placement, and, where self-compacting concrete is not used, it shall be thoroughly compacted by approved means. Extraction of temporary
casings during placement of concrete shall be such that no damage is caused to the pile and the advancing concrete level is at all times
kept considerably above the temporary casing's trailing edge.

If pile excavations are dry, the concrete is deposited into the pile via a chute which prevents it from striking the reinforcing cage as it
descends to pile toe. Concrete with a slump greater than 175 mm should be used and the mix designed to be self-compacting. The pile
head shall be vibrated to ensure compaction.

The requirements of Clause A13.4.11c) of Chapter 13 together with the following requirements shall apply when concrete is placed under
water by tremie:

- Cement content shall be greater than 350 kg per m® and slump shall be greater than 175 mm,

- The hopper and tremie shall be a closed unit which cannot be penetrated by water,

- The tremie shall be greater than 150 mm in diameter for 19 mm aggregate and wider for larger aggregates,
- Concrete shall be so placed as to prevent mixing of water and concrete,

- The tremie shall at all times penetrate concrete,

- Placing concrete below water level in the casing shall be done in one operation, and the same method of placing concrete shall be
maintained throughout,

- Before placing the concrete in water, the Contractor shall ensure that no silt or other materials have collected at the pile base. Where
drilling mud is used, the Contractor shall ensure that no drilling mud suspension with a relative density greater than 1.3 has collected
at the pile base,

- Tremies shall be thoroughly cleaned before and after use,

- Whenever practicable, concrete shall be placed in a manner that prevents segregation.

A12.1.7.8 Precast piles

a) Precast concrete piles
(i)  General

Piles shall be of reinforced or prestressed concrete and shall be manufactured, handled, stored and installed in accordance
with BS 8004, unless otherwise specified in the Contract Documentation.

The Contractor shall confirm the design of piles to ensure their ability to accommodate external loads and applied bending
moments incurred during handling, transportation storing and installation. All pile designs shall comply with the requirements
of BS 8004 and TMH 7, Part 3 as applicable, and shall contain at least the minimum steel as shown on drawings. The
Contractor shall, prior to the planned installation of precast piles, provide the Engineer with test data indicating the strength/age
development of the concrete used in the manufacture of each pile/ pile batch as specified in the Contract Documentation to
ensure that the piles have attained sufficient strength before driving. Piles damaged in transit or negligent handling shall be
rejected and not be paid for.
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The Contractor shall via a method statement submit details of the design confirmation and pile driving criteria to the Engineer
for approval at least 3 weeks before commencing with pile installation.

(i) Manufacture

The piles may be manufactured in a factory or casting yard on the site. The Contractor shall ensure that the factory or casting
yard, plant and equipment, materials and products shall at all reasonable times be accessible for inspection by the Engineer.
The Engineer shall be informed of imminent casting of each pile/batch of piles and shall be assisted as necessary in the
sampling and testing of concrete. Such testing shall not relieve the Contractor of his obligations in terms of the contract. Piles
shall be cast on a rigid horizontal platform in approved moulds. Moulds shall be fitted with devices for locating and aligning
mechanical joints or coupler sockets and pile shoes. These shall be accurately aligned so that when sections are coupled
together on site, the shaft of combined piles is straight. The upper surface of pile concrete shall be smoothed with a steel
trowel such that no irregularities cause pile deviation while driving. Adequate provision shall be made for the safe lifting of
piles. Each pile shall be clearly marked with the date of casting, reference number, and with distance marks from pile-tip at
1,0 m intervals. Piles shall be cured for a period sufficient to develop the strength required to withstand, without damage to
the pile, stresses caused by handling, transporting, storing and driving. Such parameters shall be clearly indicated in the
method statements for the manufacture of piles. Piles shall not be driven before the pile-concrete has attained the specified
strength.

(ifi) Handling, transport and storage

Care shall be taken at all stages of lifting, handling and transporting to ensure that the piles are not damaged or cracked.
Piles shall be stored on firm ground that will not settle differentially under the mass of pile stacks. Piles shall be placed on
timber supports which are true in level and spaced to avoid undue bending in piles. Supports in the stack shall be located
vertically above one another.

(iv) Precast test piles

Test piles shall be installed at positions shown on plans at the locations and to the penetration depths required.
All test piles shall be driven with impact hammers unless specifically stated otherwise in plans. Driving equipment used for
test piles shall be identical to that which the Contractor proposes to use in production piling. Test piles shall be driven to a
driving resistance established by the Engineer at the estimated pile toe elevation. Test piles which do not attain the driving
resistance specified at a depth of 250 mm above the estimated pile toe elevation shown on the plans shall be allowed to "set
up" for 12 to 24 hours, or as directed by the Engineer, before being re-driven by applying at least 20 blows to the pile. If the
specified driving resistance is not attained on re-driving after 12-24 hours, the Engineer may instruct the Contractor to drive a
portion or all the remaining test pile length and repeat the "set up" re-drive procedure. Test piles driven to the indicated position
and not having the driving resistance required, shall be spliced and driven until the required capacity is obtained. A record of
driving of the test pile shall be prepared by the Contractor, including number of hammer blows per 250 mm for the entire
driven length, as-driven length of the test pile, cut-off elevation, penetration in ground, and any other pertinent information.
The Contractor shall provide all relevant information in records to the Engineer. If a re-drive is necessary, the Engineer will
record the number of hammer blows per 25 mm of pile movement for the first 250 mm of re-drive. The Contractor shall not
order piling to be used in permanent structures until the test pile data is reviewed and pile order lengths are approved by the
Engineer. The Engineer will provide pile order lists within 7 calendar days after completion of all test pile driving specified.

(v) Lengthening of precast piles

Full length piles shall always be used where practical and possible. Where splices are unavoidable for steel or concrete piles,
these shall comply with the details given in the Contract Documentation. The number, locations and details shall be subject
to the approval of the Engineer. Mechanical splices for concrete or steel piles may be approved by the Engineer if the splice
can transfer the full pile strength in compression, tension and bending. Splices for cast in place piles, shall be watertight.

Care shall be taken to ensure that additional lengths of pile joined are truly axially in line with the original pile within tolerance
requirements for straightness set out in A12.1.8.1a).

Driving shall not be resumed until the pile extension and any bonding agent used has attained required strength.
b) Steel tube piles

Where specified, or if offered as an alternative by the Contractor and accepted by the Engineer, hollow steel piles, either filled with concrete
or not, may be constructed. If adequate connections are provided between steel and concrete to transfer loads, the concrete may be
deemed to assist in carrying load.

Tubes can be either top or bottom driven. Bottom driven is generally more efficient as a large proportion of hammer energy is absorbed
by the tube itself increasing risk of casing fracture for top driven. The lead section of tube is lifted and positioned in the leader which shall
be adjusted for verticality or rake. Drop hammers which operate within pile-bore, act on a plug of dry concrete, about 3 to 4 diameters in
length. The plug is continually refreshed by adding additional material to prevent splitting of the tube. When the required set is achieved,
driving is complete and the hammer is removed from the tube.

Casings shall be manufactured to high standards of quality control and appropriate casing thicknesses shall be used to prevent spilitting
or end distortion.

For corrosion protection, steel piles shall be coated in bitumen or synthetic resins to the satisfaction of the Engineer or as specified in the
Contract Documentation. Cross-sectional area of wall steel shall be adapted to aggressiveness of subsurface conditions, to compensate
for possible reduction in pile wall thickness caused by abrasion and corrosion during the service life of pile.

c) Steel section piles

H-pile sections are lifted by the piling rig and located into the piling helmet which is then released from the hammer. The first shaft section
together with a helmet is lowered onto the pile position and the hammer positioned to rest on the helmet. The leader of the piling rig shall
be adjusted for verticality or rake.

Piles may be driven with vibratory, drop, or hydraulic hammers. Once the first shaft section is driven the second prepared-for-welding
section, is lifted up and lowered to line up with the first section. Guiding lugs, tack-welded to the first section shall be employed to facilitate
this operation. Sections shall then be butt-welded together. Where practical, full length piles shall be used. Where splices are unavoidable,
their number, locations and details shall be subject to approval of the Engineer. Splices in steel piles and pile casings shall be welded in
conformance with the relevant welding code.
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Driving is continued and the cycle repeated for further lengths. The pile is driven to the set calculated to provide adequate bearing capacity.
The set should be checked after 24 hours to determine if there is any relaxation.

Should relaxation be evident, piles should be re-driven until the required set is achieved and again checked after 24 hours. When the
required set is achieved, heads of piles shall be trimmed to the correct level.

d) Ductile Iron Piles (DIPs)
Based on site specific soil conditions, piles can be installed as end-bearing (non-externally grouted) or friction (externally grouted) piles.

These piles are started by laying the grout shoe and inserting the spigot end of the pile shaft into the conical point. The pile shall be kept
in place by a series of keeper plates within the conical grout shoe. On driving, the conical grout shoe creates an annulus between pile
shaft and surrounding soils. This annulus shall be immediately and consistently filled with a sand grout pumped down the pile shaft and
exits within spaces between the keeper fins in the conical points. The breaker hammer driving tool shall be fitted with a special grout box
adapter to allow grout to flow from the grout pump through the driving tool into the upper most pile shaft.

Piles are driven to refusal or to the required penetration depth with the use of a tracked high-impact high-frequency hydraulic hammer (ie.
breaker hammer). On drive-completion, the pile is cut off to the required level. The remaining pile section may be fitted with the appropriate
driving shoe to serve as the lead section for the next pile. All cut-off sections may be re-used employing suitable couplers. Completed
piles are fitted with an appropriate pile cap plate.

Externally grouted or friction piles are installed using an oversized conical grout shoe attached to the base of lead pile section. As the pile
is driven, the annulus created between pile shaft and the soil is filled simultaneously with a sanded grout, bonding the pile shaft to
surrounding soil.

An appropriately-sized bearing plate shall be seated onto the pile with a reinforcing bar or other indicated termination mechanism
e) Self drilling micropiles

The piles are formed from a fully threaded steel bar with a hollow core which is drilled and simultaneously grouted into soils without a
casing using a sacrificial bit mounted on the first section of load bearing elements. Additional pile length is obtained by attaching additional
element using couplers. The micropiles are installed employing rotary percussive techniques.

Grout is injected through the hollow bar with a continuous flush returned to the surface ensuring permanent support is maintained to the
surrounding ground. Self drilling micropiles are installed using small piling rigs and are particularly suited to axial compression and tension
loads and can easily be installed at raking angles. A variety of sacrificial drill bits are available to suit different ground conditions. Temporary
casing is not required and is thus suited to use in collapsing and problem ground. Applications include bearing and tension piles as well
as soil nailing and ground anchorages.

The loadbearing elements and the coupling nut are to be tightened against one another with a torque M as provided by the manufacturer
of the self drilling anchor (SDA) to ensure a sufficient locking effect. Care must be taken to not exceed the maximum values for torque,
blow impulse and blow energy as per SDA’s manufacturers details.

The torque may be applied by using a calibrated torque wrench or the rotation mechanism of the hammer drill with the assistance of the
hydraulic clamping mechanism of the drill rig.

During drilling, a cement/water suspension is to be used as a flushing fluid and initial stabilisation of the borehole. The drilling rate shall
not exceed 1,0 m per minute with approximately 50 rpm. using a flushing pressure of 10-15 bar.

On reaching the intended depth of the pile, injection must be carried out with a cement grout compliant with SANS 50206.

The grout volume injected must be large enough to ensure that the flushing suspension is completely displaced and ejected from the
borehole. To avoid voids in the grout body, the reservoir containing the cement grout may not be pumped empty during the injection
procedure.

The installation and construction of self drilling micropiles shall be monitored and recorded in compliance with SANS 54199 using the
guideline for a micropile installation log as per Annex D.

f)  Driving piles
(i)  General

At least 3 weeks before driving any piles, the Contractor shall submit method statements based on the information furnished
on the drawings detailing the methods he proposes to use to drive each pile to its full depth in one continuous operation (with
due allowance for coupling time).

(ii)  Pile-installation frames

Piles and pile casings shall be driven with a gravity hammer, a rapid-action power hammer or by other approved means.
Prestressed-concrete piles shall be driven with a hammer of mass of at least equal to that of the pile. Other pile types shall
preferably be driven by a hammer with similar mass characteristics. The hammer shall not, during driving operations, damage
any permanent components of the pile. Pile driving leaders shall be constructed in such a manner as to afford freedom of
movement of the hammer and shall be held in position to ensure adequate support for the pile or pile casing during installation.
Inclined leaders shall be used for installing raking piles.

The heads of all piles shall be plane and perpendicular to the longitudinal axis of the pile before the helmet is attached.

Heads of precast concrete piles shall be protected with a pile cushion constructed from resilient material, care being taken to
ensure that it is evenly spread and held in place. A helmet shall be placed over the packing, and a dolly of hardwood or other
material not thicker than the diameter of the pile shall be placed on top. During pile driving, pile cushions shall be changed
as described above before excessive compression or damage takes place. Approval of pile driving equipment shall not relieve
the Contractor of the responsibility for piles damaged caused by misalignment of the leads, failure of cushion materials, failure
of splices, malfunctioning of the pile hammer, or other improper construction methods. Piles damaged for such reasons shall
be rejected and replaced at the Contractor's expense..

Standing time shall only be paid for pile-installation frames standing during normal working hours as laid down in the general
conditions of contract for such periods during which the pile-installation work has come to a standstill following an action by
the Employer.
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As soon as the pile-installation frames have come to a standstill, the Contractor shall inform the Engineer, in writing, that he
intends to claim standing time, and shall also furnish full particulars of the action which gave rise to the claim and a list of pile-
installation frames in respect of which standing time will be claimed, complete with date and time.

The period in respect of which a claim is lodged shall become operative from the moment when the notice has been handed
over to the Engineer and shall continue until the restriction has been removed and normal procedure may be resumed.

(iii)  Ultimate pile capacity

Piles shall be driven by the Contractor to the penetration depths shown on the plans or to a greater depth if necessary, to
obtain the ultimate capacity. Ultimate pile capacity shall be specified by the Engineer.

The ultimate pile capacity of jetted piles shall be based on the driving resistances recorded during impact driving after the jet
pipes are removed. Jetted piles not attaining ultimate pile capacity at ordered lengths shall be spliced and driven with an
impact hammer until the ultimate pile capacity is achieved. Splicing shall be to the Contractor’s cost. The ultimate pile capacity
of piles driven with followers shall only be considered acceptable when follower-driven piles attain the same pile toe elevation
as full length piles driven without followers, which attained the required ultimate pile capacity.

Ultimate pile capacity of piles driven with vibratory hammers shall be based on driving resistances recorded during impact
driving after the vibratory equipment is removed from the first pile in each group of 10 piles. Vibrated piles not attaining the
ultimate pile capacity at the ordered length shall be spliced, as required, at the Contractor's cost, and driven with an impact
hammer until ultimate pile capacity is achieved.

(iv) Preboring/Water jetting

Augering, wet-rotary drilling, water jetting or other methods of pre-boring shall be used only when approved by the Engineer.
When permitted, such procedures shall be carried out in a manner which will not impair the capacity of piles already in place
or the safety of existing adjacent structures. Except for end-bearing piles, pre-boring shall be discontinued before the leading
end of the pile reaches a depth of 80% of anticipated final depth or a depth as agreed with the Engineer and the pile driven with
an impact hammer to a driving resistance specified by the Engineer. Where piles are to be end-bearing on rock or hardpan,
pre-boring may be carried to rock-surface or hardpan, and the piles re-struck with an impact hammer to ensure proper seating.
If the Engineer determines that pre-boring disturbed the capacities of previously installed piles, those piles disturbed shall be
restored to conditions meeting requirements of this specification by re-driving or by other methods acceptable to the Engineer.
Re-driving or other remedial measures shall be instituted after pre-boring operations in the area are complete. The Contractor
shall be responsible for costs of any necessary remedial measures, unless pre-boring methods were specified in the Contract
Documentation and properly executed by the Contractor.

In the case of soldier piles the Engineer may approve augering of holes prior to steel insertion to facilitate attaining of the
position and verticality tolerances. Where so indicated or instructed the annulus shall be filled with concrete or grout between
the H-Pile section and the soil. Below excavation level this may be strength concrete as specified in Contract Documentation
or nominal strength concrete or grout above excavation level.

(v) Installation sequence

Unless otherwise specified or ordered, pile installation sequence, shall be left to the Contractor. However, the sequence for
driving piles in a group shall be programmed to minimize the creation of consolidated blocks of ground into which piles cannot
be driven or which cause fictitious penetration values. Piling shall generally commence at the group-centre and progressively
extended to the perimeter unless otherwise approved by the Engineer.

Installation of piles shall be undertaken in such a manner that structural damage, distortion or positioning defects to previously
installed piles or casings does not occur.

Partially driven piles shall not be permitted to stand overnight due to dissipation of pore water pressure.
(vi) Practical and absolute refusal

Practical refusal is defined as 20 blows per 25 mm of penetration with hammers operated at the maximum fuel or energy
setting, or at a reduced fuel or energy settings determined by the Engineer based on pile installation stress control. In no
case shall driving continue for more than 75 mm at practical refusal driving conditions. Absolute refusal is defined as a
penetration resistance of more than 50 % of the practical refusal, i.e. 30 blows per 25 mm. Driving shall be terminated
immediately once absolute refusal driving conditions are encountered.

g) Pile heave

In some soils, such as saturated cohesive soils, installation of the piles may cause previously installed piles to heave. The Contractor shall
place accurate level marks on each pile immediately after installation and shall take level readings immediately after the pile is driven and
again after piles within a radius of 5,0 m were driven to determine pile heave range. All piles that have heaved more than 6,0 mm shall be
re-driven to the required resistance, unless re-driving tests on neighbouring piles show this to be unnecessary. Piles shall not be concreted
neither shall any pile-capping slab be constructed until the piles within the defined heave-influence zone (5,0 m) are re-driven as required.

If pile heave is detected for pipe or shell piles filled with concrete, piles shall only be re-driven to the original position after the concrete
has obtained sufficient strength and a proper hammer-pile cushion system, acceptable to the Engineer, is used.

All work performed in conjunction with re-driving piles due to pile heave shall be measured for payment provided the initial driving was
done in accordance with approved or specified installation parameters and sequence.

h) Pile alignment

Tolerances given in Clause A12.1.8 shall be the maximum permissible deviations from specified dimensions, levels, alignment, positions,
etc, shown on the drawings of the structures or structural members.

Where inclination of a precast concrete pile deviates from the correct slope during installation, the pile shall not be forced into the correct
position. The slope of guiding frame shall be adjusted so as to coincide with actual pile inclination to preclude bending of the pile. Where
verticality or inclination of installed piles falls outside specified tolerances, the pile will be classified as defective and be replaced at the
Contractor’s cost.
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i) Determining pile length

The design of the piles and pile groups, and the quantities in schedule of quantities, are based on subsurface data shown on the drawings.
The Engineer will determine the depth of piles for measurement as work proceeds.

Where variations in subsurface conditions occur in respect of material and depth of the water table, the Engineer shall be informed
immediately. If the Contractor is not satisfied that the piles will be capable of carrying the specified loads at the depths determined by the
Engineer, he shall, in consultation with the Engineer, lengthen the piles to reach a suitable founding depth. Where Engineer and Contractor
cannot agree on the founding depth, the Engineer may require the Contractor to -

- Undertake additional foundation investigations and/or core drilling in accordance with sub Clauses A12.1.3.3 and A12.1.8.3
respectively, and/or

- Install one or more test piles and conduct load tests in accordance with Clause A12.1.8.4 and integrity testing in accordance with
sub Clause c). The Engineer will prescribe the positions for each test pile. Test piles shall comply with the specified requirements.

It is required that the top section of each pile has a minimum length of 2,5 m below the pile cap before the coupler or such greater length
as directed by the Engineer. The Contractor shall submit the minimum length he proposes to use to the Engineer for approval.

j)  Stripping pile heads

Precast piles shall be installed to a level of at least 1,0 m above the minimum length required and cast in situ piles to at least 150 mm
above the minimum length required. Excess concrete shall be stripped, so that only sound concrete projects into the pile-cap.

Before a pile head is stripped, a cut-off plane shall be marked by cutting a 20 mm deep groove with a grinding-machine along the full
circumference of the pile. Heavy concrete demolishing equipment may not be used for pile head stripping. All loose material shall be
removed from the minimum length required.

Concrete shall be stripped so that the pile below cut-off level will not be damaged, or, should defective concrete be found in completed
piles, damaged or defective concrete shall be cut away by Contractor at his own cost and replaced with new concrete well-bonded to old
concrete, or the pile shall be replaced as directed by the Engineer.

The main reinforcement of piles, shall extend more than 40 times the diameter of the reinforcing bar, beyond the cut-off level into the pile-
cap. This reinforcement shall be left straight unless otherwise directed by the Engineer. Cut-off levels for piles shall be as shown on the
drawings.

k) Piling data
The following data on each pile installed shall be recorded in a form prescribed by the Engineer:
- Effort used for driving pile and resistance to penetration at founding level.
- Description of subsurface material penetrated, presence of ground water and quality of material at pile tip founding,
- Quality of materials used in construction or manufacture of piles,
- Quality of permanent casing used,
- Method of placing and compacting as well as volume of concrete in cast in situ piles,
- Method of founding of piles e.g. bulbous bases, rock sockets, etc, and their dimensions
- Working load of pile,
- Length of pile and accuracy of installation in respect of position and inclination,
- Nominal dimensions and type of pile,
- Length and details of any temporary and permanent casings used,

- Position of pile.

A12.1.8 WORKMANSHIP
A12.1.8.1 Tolerances

Unless otherwise specified in Contract Documentation the tolerances given below shall be the maximum permissable deviations from
the specified dimensions, levels, alignment, positions, etc, shown on the drawings of the structures or structural members.

a) Piles:
PoSition .....coiii 0.167 times the diameter of the pile , or 100 mm, whichever shall be the greater
External dimensions:
Prefabricated PIIES .. ........o. e e e et 25 mm +-5,0 mm
Castin SItUPIIES ...euiveie s plus-tolerance not specified, minus-tolerance 0 mm

Pile head level: Average level

of trimmed /CUL PIlE NEAA ... ..o ettt + 25 mm
V2= T (o= 1Yo = (= T PPN 1,5 %
Straightness:

For precast piles the maximum deviation from straight is 5,0 mm for piles up to 3,0 m in length and 1,0 mm more for each additional
metre of pile length.
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Horizontal Deflection:
Self drilling micropiles:
(i) Construction tolerances as per SANS 54199 shall be permitted unless otherwise specified in contract documentation.
(i) Those geometrical deviations include the following as per SANS54199 Section 8.2 and figure 5:
(iii) Plan location of vertical and inclined micropiles measured at working level: £ 0.10 m
(iv) The horizontal deflection at the top of the projected micropile cap under ultimate loading shall be limited to 5,0 mm
(v) Deviation from the theoretical axis:
1. Vertical micropiles: max 2 % of the length
2. Inclined micropiles: n =2 4, max 4 % of the length
3. Inclined micropiles: n < 4, max 6 % of the length

Any pile outside of these tolerances shall be subject to review by the Engineer and may be rejected or replaced at the Contractor’s
expense. Any re-design necessitated by non- compliance shall be carried out by the Engineer at the Contractor’s cost.

A12.1.8.2 Concrete and grout

All concrete for structural work associated with piling and which is not covered elsewhere in the project document shall comply with the
provisions of relevant Clauses in Section A13.4 of Chapter 13. If specified in the Contract Documentation all concrete used for piles shall
prescribed composition concrete (Class P) or Durable (Class D) concrete.

The characteristic cylinder strength shall be determined using 150 mm diameter, 300 mm high cylinder or the characteristic cube
compressive strength shall be determined using 150 mm cubes and all test specimens shall be prepared strictly in accordance with SANS
3001-CO2-2 and tested in accordance with SANS 3001-CO2-3 at both 7 and at 28 days. All concrete shall be categorized in the
compressive strength classes as shown in Table A13.4.7-15 of Chapter 13.

Class D concrete shall be assessed from cores obtained from test panels constructed in accordance with test panels in accordance with
Clause A13.4.7.10e) of Chapter 13. Durability concrete and steel cover shall be assessed according to A20.1.7.5c) (Judgement Plan A)
of Chapter 20.

Refer to Clauses A13.4.8.1, A13.4.8.2 or A13.4.8.3 of Chapter 13 for tolerances, compliance and non-compliance with the specified
requirements.

The consistency of each concrete batch mixed shall be tested with the slump test according to SANS 5862-1:2006 or SANS 5862-2:2006,
whichever is applicable. Self compacting concrete shall be tested in accordance with SANS 3001-C01-9.

The fluidity and of each grout batch mixed shall also be measured with a flow cone in accordance with Clause A 13.5.5.9 of Chapter 13
and, if specified, with a viscometer. For stiffer grouts and grouts with fine aggregate as for CFA piling applications a modified CRD flow
cone with an enlarged (up to 19 mm diameter) orifice complying with ASTM1939 is used. Any variation exceeding 20 % of the average
daily recorded values shall be immediately brought to the attention of the Engineer.

The results of tests on the grout and concrete tests shall be assessed according to Clause A20.1.7.5d) (Judgement Plan B) of Chapter
20.

A12.1.8.3 Core drilling

The Engineer may instruct rotary core drilling to be done with a view to obtaining cores of the founding formation and/or of the concrete in
the completed structural member. In the case of piling, the core drilling may precede the piling or may be done through the completed
pile, as specified, or as instructed by the Engineer.

The Contractor shall supply the necessary construction plant on the site for drilling under the above conditions. The plant and techniques
used shall be suitable for ensuring maximum core recovery. The diameters, depths and diameters of the cores shall be as specified in the
Contract Documentation.

All drilling shall be in compliance with the Standard Specifications for Subsurface Investigations issued by SANRAL .

The Contractor shall keep accurate records of the drilling, which, together with the cores, shall be handed over to the Engineer. The cores
shall be sheathed and placed in the correct sequence in approved core boxes marked as prescribed. The core boxes shall be stored
under cover.

Where provided for in the Contract Documentation and/or as instructed by the by the Engineer the Contactor shall arrange for the testing
of selected borehole core samples. Testing of cores for compressive strength shall be done in accordance with SANS 3001-C03-5

A12.1.8.4 Load tests on piles

The Engineer may order load testing on certain selected piles and/or test piles. The procedure for loading tests shall comply with the
requirements of Clause A20.1.5.6c) of Chapter 20.

a) Static load test
(i)  General

During the period of testing, driving of other piles which may affect the testing shall cease. For driven precast piles, the
Contractor shall make each designated concrete and/or steel pile available for taking of wave speed measurements prior to
placement in the leads

Working piles may be used as anchor piles if approved and provided they are suitably reinforced and are designed for tension.
Where anchor piles or earth anchors are required for providing reaction, they shall be so placed as to have a minimal effect
on the test results.
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The Contractor shall provide the complete testing assembly, the necessary plant, equipment, instruments and labour for
carrying out the test and for determining accurately the settlement of the piles under each increase or decrease of the load.
The test assembly, plant, equipment and instruments used shall be subject to the approval of the Engineer via a method
statement submitted by the Contractor.

Within two days of having completed the tests, the Contractor shall supply the Engineer with the test results and neatly plotted
load against settlement, load against time, and settlement against time graphs.

(i) Loading

The maximum test load applied shall be equal to twice the specified working load or the ultimate test load, whichever shall be
the smaller.

The maximum working load shall be half of the maximum test load or the test load which corresponds with the allowable
settlement, whichever shall be the smaller.

The allowable settlement shall be as specified on the drawings or in Contract Documentation.
(iii)  Ultimate test load

The ultimate test load in the compression-load test shall be the load where settlement suddenly increases disproportionately
to the load applied.

The ultimate test load in the tension-load test shall be the load where the upward movement suddenly increases
disproportionately to the load applied or the load producing a permanent rise of 10 mm at the top of the pile, whichever is the
smaller.

(iv) Testing self drilling micropiles
Testing of self drilling micropiles must be performed according to SANS 54199.

Preliminary (investigation) and working (production) micropiles can be subjected to load testing procedures. Unless otherwise
specified, static load tests on at least 2 micropiles shall be performed for the first 100 micropiles and 1 for every subsequent
100 micropile. Unless otherwise specified for tension micropiles, static load tests shall be performed on at least 2 micropiles
for the first 50 micropiles and 1 for each subsequent group of 50 micropiles.

The type, frequency and conditions of the micropile load testing shall be included in the project specifications.

When static load tests are used to control production pile driving, the time required to analyse the load test results and establish
driving criteria shall be specified in the Contract Documentation so that the delay time to the Contractor is clearly identified.

b) Dynamic load testing

Where provided for in the Contract Documentation, Dynamic Load Testing shall be carried out on selected installed piles. Such testing
shall only be carried out by competent independent practitioners. Dynamic measurements following procedures set forth in ASTM D-
4945 shall be conducted.

Should the test/s reveal non-compliance, the Contractor shall re-strike the test pile with the dynamic testing instruments attached after
the periods indicated in Table A20.1.5-2, as agreed with the Engineer. A cold hammer shall not be used for the re-strike. The hammer
shall be warmed before re-strike, by applying more than 20 blows to another pile or to timber mats placed on the ground. The maximum
amount of penetration required during re-strike shall be 150 mm, or the maximum total number of hammer blows required will be 50,
whichever occurs first. After re-striking, the Engineer will either provide the cut-off elevation or specify additional pile penetration and
testing.

The following re-strike durations shall apply:

Table A20.1.5-2 Re-strike durations

OIL TYPES TIME DELAY UNTIL RE-
STRIKE

Clean Sands 1 day

Silty Sands 2 days

Sandy Silts 3-5 days

Silty Clays 7-14 days*

Shales 10-14 days*

* - Longer times may be instructed by the Engineer.
c) Pile Integrity Testing (PIT)

The purpose of integrity testing is to prove that construction techniques employed to create a pile are satisfactory in terms of quality
assurance with respect to aspects such as necking of concrete in the pile shafts, checking concrete cover to reinforcement, checking for
honeycombing or grout loss, segregation of aggregate inclusion and for large cracks or voids. Where provided for in the Contract
Documentation or as instructed by the Engineer PIT shall be carried out on designated piles and/or on test piles

These tests include:

- Reinforcement cover tests. The Contractor shall have an approved cover meter on site for use by the Engineer during piling
installation. No extra payment will be made therefore and the costs thereof are deemed to be included in the Contractor’s rates for
establishment for piling,

- Impulse or Impact Frequency Response (IFR) or “Tapping” method,

- Cross-Hole Sonic Logging (CHSL). For this purpose, either 50 mm (if later drilling through is not foreseen or 85 mm (for drilling
through with an NX core, mild steel access pipes, 3-5 tubes per pile, are to be installed in designated piles as specified in the Contract
Documentation,

- Base Integrity Test,
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- CAPWAP -Case Analysis of Piles using the Wave Application Protocol.

Base integrity testing comprises the drilling through the pile concrete or where installed, through the steel tubes cast into the piles for
CHSL testing, into the material below the tip of the pile to investigate the integrity thereof. Logging and assessment of the core data shall
be done by a qualified person, who shall be approved by the Engineer. The core logging shall be done in general accordance with the
“Guidelines for soil and rock logging” compiled by the Geotechnology Workshop and published by SAICE in 1990.

Details of the other tests are given in Clauses A20.1.5.6¢)(ii) to A20.1.5.6¢)(v) of Chapter 20.
Payment shall be made for the carrying out of these tests under pay item C12.1.30 .
d) Defective piles

The test pile and the piles represented by the test pile shall be classified as defective if shown in terms of Clause A12.8.4a) or A12.8.4b)
to have a maximum working load of less than the specified working load, or to exhibit excessive settlement. Defective piles shall also
include piles damaged beyond repair, piles with structural defects, or piles which do not comply with the tolerance requirements of Clause
A12.1.8.1.

Defective piles shall be corrected by the Contractor at his own cost, by applying one of the following methods approved by the Engineer:

- Extracting the pile and replacing it with a new pile

- Installing a new pile adjacent to the defective pile

- Lengthening the pile to the correct length if defective in length only

- Re- driving heaved piles

- Altering the design, to fit in with the new conditions caused by the defective pile(s).

The method used in driving piles shall not subject the piles to excessive or undue abuse producing crushing and spalling of concrete,
injurious splitting, splintering, and brooming of the wood, or deformation of the steel. Misaligned piles shall not be forced into the proper
position. Any pile damaged during driving by reason of internal defects, or by improper driving, or driven out of its proper location, or
driven below the designated cut-off elevation, shall be corrected by the Contractor, without added compensation, by approved methods.

Piles bent during installation shall be considered defective unless the ultimate capacity is proven by load tests performed at the Contractor's
expense and provided that there are no other negative effects caused by such bending. If tests indicate inadequate capacity, the Engineer
shall determine which corrective measures shall be taken. Such may include the installation of additional piles, strengthening of bent piles,
or replacement of bent piles or acceptance of bent piles at reduced capacity and at a reduced cost.

A concrete pile shall also be considered defective if a visible crack, or cracks, appears around the entire periphery of the pile, or if any
defect is observed which, as determined by the Engineer, affects the strength or life of the pile.

e) Construction of capping slabs/ beams

The Contractor shall not construct the pile capping slab or beams before the Engineer has confirmed, in writing, that all the relevant load
tests have been completed and the piles have been accepted.

12-21



B12.1 PILING

PART B: LABOUR ENHANCEMENT

CONTENTS

B12.1.1 SCOPE

B12.1.2 DEFINITIONS

B12.1.3 GENERAL

B12.1.4 DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS
B12.1.5 MATERIALS

B12.1.6 CONSTRUCTION EQUIPMENT

B12.1.7 EXECUTION OF THE WORKS

B12.1.8 WORKMANSHIP

B12.1.1 SCOPE

The provisions of Part A shall apply.

B12.1.2 DEFINITIONS

The provisions of Part A shall apply.

B12.1.3 GENERAL

The provisions of Part A shall apply.

B12.1.4 DESIGN BY CONTRACTOR/PERFORMANCE BASED SYSTEMS

The provisions of Part A shall apply.

B12.1.5 MATERIALS

The provisions of Part A shall apply.

B12.1.6 CONSTRUCTION EQUIPMENT

The provisions of Part A shall apply.

B12.1.7 EXECUTION OF THE WORKS

The provisions of Part A shall apply.

B12.1.8 WORKMANSHIP

The provisions of Part A shall apply.
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C12.1 PILING

PART C: MEASUREMENT AND PAYMENT

(i) Preamble

The tendered rate for each pay item shall include full compensation for providing, operating, maintaining and decommissioning upon
completion, of all the construction equipment, labour, tools, incidentals and supervision to carry out the activity or construct the works in
the pay item as specified, unless otherwise stated.

Any prime cost or provisional sums shall be paid in accordance with the provisions of the conditions of contract. The charge or mark-up
tendered or allowed for is a percentage of the amount actually paid under the prime cost or provisional sum. This percentage shall
cover all the Contractor’'s handling, supervision, profit and liability costs to provide the services in the prime cost or provisional sum item.

The requirements of Clauses C1.1.1, C1.1.2 and C1.1.3 of Chapter 1 shall apply.

Where pay item descriptions include any wording in brackets it is an indication that contract specific information is to be inserted in the
Pricing Schedule included in the Contract Documentation.

(ii) Notes on measurement and pay Items

1. Unless otherwise ordered or stated in the Contract Documentation, trench depths will be measured from the surface of the ground along
the centre-line of the trench to the bottom of the specified bedding layer (as applicable). Where no bedding is required it shall be
measured to the underside of the duct or pipe.

2. The ground surface will be that existing after any bulk earthworks have been carried out, i.e. the excavated surface or embankment
surface, unless a different sequence of execution has been ordered.

3. Excavations will be measured as if taken out with vertical sides, regardless of whether they have been taken out with sloping sides.

4.  The length used for trench computations will be the total through-length of a pipe or duct etc. from end to end and no deduction will be
made for manholes or access chambers etc.

5. Wherever volumetric measurement is required, the volume will be computed from the depth determined as indicated in 1. and 2. above
and using the authorised width (W) determined in accordance with the specification.

6. Where shoring is specified or ordered, the length of shoring measured for payment will be the length of the centre-line of the trench.

(iii) Items that will not be measured separately

The following activities, whether required to complete the specified work or not, will not be measured and paid for separately and the
Contractor shall include the cost thereof in other pay items as the Contractor deems appropriate:

1. No separate payment will be made for backfilling excess excavations, disposing of surplus material etc. or any other contingent work,
unless the work is specifically specified or ordered.

2. No separate payment will be made for setting out the works.

3. No separate payment will be made for the protection or repair as required of any existing or new road furniture, structures, buildings,
infrastructure or services damaged by the Contractor’s activities and for complying with all the requirements of Clause A2.1.3.4.

4. No additional payment shall be made, nor shall any claim for additional payment be considered, for any specified work in confined or
restricted areas. Any additional costs associated with working in confined or restricted areas shall be deemed to be included in the
standard applicable pay items.

5.  No separate payment will be made for the loading of any materials.

6. No separate payment will be made for the hauling of any materials where the material is moved over a distance of less than, and up to,
1,0 km.

7.  No separate payment will be made for transporting materials from commercial sources irrespective of the haul distance.

8. No separate payment will be made for the removal of any surplus material imported to complete the works.

(iv) Items to be measured and paid for using items specified elsewhere in the specifications

For activities in Table C12.1-1 pay items specified in other Chapters or Sections of the specifications, where they relate to work under
this section, will be listed in the Pricing Schedule.

Table C12.1-1: Items from other Chapters or Sections

Activity Section 12.1 Clause Reference Section - Item Reference

Section C13.1.3 of Chapter 13 - All
applicable items

Section C13.1.4 of Chapter 13- All
applicable items

Excavation of materials A12.1.7.4

(v) Items specifically for this section of the specification
Trial piles, if successful, shall also be paid for under these items.
Item Description Unit

C12.1.1 Additional foundation investigations provisional sum

A provisional sum is provided in the schedule of quantities to cover the cost of this work.

The work shall be carried out as instructed by the Engineer and shall be paid for in accordance with the provisions of the general conditions
of contract.
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Item Description Unit

C12.1.2 Access and drainage:
C12.1.21 Access lump sum
C12.1.2.2 Drainage by pumping or other means lump sum
Access:

The tendered lump sum shall include full compensation for providing access, which, inter alia, shall include constructing temporary banks,
artificial islands and/or cofferdams, their protection, safeguarding and maintenance, draining and keeping dry the working areas and
draining the excavations within the access, and any incidentals in respect of work to be done below standing water.

75 % of the lump sum will be paid when access has been constructed and stability and settlement reliability is proven by appropriate
testing. Work shall comply with environmental constraints. The remaining 25 % will be paid after the access is removed.

Drainage

Payment will be made for this work by way of a lump sum for each structure or series of structures appearing separately in the schedule
of quantities. This lump sum shall be paid on a pro rata basis as work progresses.

The tendered lump sum shall include full compensation for draining by pumping or in any other way and for any other work necessary for
keeping excavations dry or for working in the dry.

Item Description Unit

C12.1.3 Establishment on site for piling (piling locations indicated (type indicated) lump sum

The tendered lump sum shall include full compensation for establishment and subsequent removal of all special construction plant and
equipment for piling as specified, structural platforms, rafts as may be required, general levelling of the sites and for carrying out operations,
the cost of which does not vary with actual amount of piling undertaken on the indicated locations on the project.

The work will be paid by a lump sum, 50 % of which will become payable when all the equipment is on site and the first production pile
installed. The second instalment of 25 % of the lump sum will be payable after half the total number of piles are installed, and the final
instalment of 25 % after all the piles are completed and the equipment is removed from the site.

Item Description Unit
C121.4 Moving to, and setting up equipment at each position for installing piles (pile type number (No)
indicated)

The unit of measurement shall be the number of positions to which installation equipment is moved and set up in position. The quantity
measured shall be the number of piles installed as instructed by the Engineer, including trial and test piles as specified or piles re-driven
on the instruction of the Engineer.

The tendered rate shall include full compensation for all costs involved in the moving and setting up of equipment.

Item Description Unit

C12.1.5 Augered or bored holes (type specified) for piles with a diameter of (diameter indicated)
e through material situated within the following successive depth ranges

C12.1.5.1  Augered holes

(@) O mupto 10 m provided for in pay item C12.1.6 metre (m)
(b) Exceeding 10 m and up to 15 m metre (m)
(c) Etcinincrements of 5,0 m depths metre (m)

C12.1.5.2 Bored piles

(@ Omupto10m metre (m)
(b) Exceeding 10 mand up to 15 m metre (m)
(c) Etcinincrements of 5,0 m depths metre (m)

Limits for successive depth ranges shall be measured down from agreed average ground surface (Clause A12.1.7.4) to the founding level
(Clause A13.1.7.3 c) of Chapter 13).

The unit of measurement shall be the metres of hole formed, including the depth of bulbous base formed, as may be applicable. The depth
of the bulbous base shall be deemed to be equal to the diameter of a sphere, the volume of which shall be equal to the quantity of
compacted concrete in the bulbous base. Irrespective of the depth of the hole, the quantity within each depth range shall be measured
and paid for separately.

The tendered rates for forming augered holes shall include full compensation for augering and disposing of surplus material resulting from
hole-formation.

The tendered rates for forming bored holes shall include full compensation for boring, supplying, installing and extracting driven temporary
casings as well as for disposing of surplus material resulting from hole-formation.
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Item Description Unit

Extra over item C12.1.5 irrespective of the depth, to form augered and bored pile holes

C12.1.6 through identified materials consisting of:
C12.1.6.1  Coarse gravel with a matrix content of less than (max. percentage indicated) metre (m)
C12.1.6.2 Boulders (description of and maximum size indicated) metre (m)
C12.1.6.3 Rock formation (description and class of rock indicated) metre (m)

The unit of measurement shall be the metre of pile hole formed through identified materials, measured from depth at which the identified
material is first encountered to depth at which normal auger drilling or boring may be resumed or another type of identified material is
encountered.

The tendered rates shall include full compensation for all additional work and incidentals required for forming pile holes through identified
materials.

Notes:

Iltem C12.1.6.1:The matrix content indicated shall be percentage by volume of matrix in material containing coarse gravel. Where the
maximum percentage indicated is exceeded, payment for forming holes through such material shall be made under item C12.1.5 Unless
otherwise specified, the maximum percentage of matrix shall be 60 %.

Where materials other than those provided for in item C12.1.6 are identified, they shall be described on drawings and/or in Contract
Documentation. Provision therefore shall be made in the schedule of quantities under extensions to item C12.1.6 .
Item Description Unit

C121.7 Driving temporary casing for driven displacement piling systems (system indicated) for
forming holes for piles with a diameter of (diameter indicated) through material situated
within the following successive depth ranges:

C121.71 Omupto10m metre (m)
C12.1.7.2 Exceeding 10 m and up to 15 m metre (m)
C12.1.7.3 Etcin increments of 5,0 m depths metre (m)

The unit of measurement shall be the metre of hole plus depth of the bulbous base formed, as may be applicable

Limits for successive depth ranges shall be measured down from the average ground surface (Clause A12.1.7.4) to the agreed founding
level (Clause A12.1.7.4). The depth of the bulbous base shall be deemed to be equal to be the diameter of a sphere, the volume of which
shall be equal to the quantity of compacted concrete in the bulbous base. Irrespective of total depth of hole, the quantity within each depth
range shall be measured and paid for separately.

The tendered rates shall include full compensation for supplying, driving and subsequently extracting the temporary casing.

Item Description Unit
C12.1.8 Forming augered or bored pile holes through unidentified materials zzc:r\‘nswnal

A provisional sum is allowed in the schedule of quantities for covering the cost of this work as approved by the Engineer.

Payment for the work authorised by the Engineer shall be in accordance with the provisions of the general conditions of contract.

Item Description Unit
C12.1.9 Forming augered or bored pile holes through obstructions [ler‘c:‘nsmnal

A provisional sum is allowed in the schedule of quantities for covering the cost of this work as approved by the Engineer.

Payment for the work authorised by the Engineer shall be in accordance with provisions of the general conditions of contract.
Item Description Unit

Cc12.1.10 Provision for and maintenance of bentonite head for underslurry piles Lump Sum

The tendered lump sum shall include full compensation for supplying the bentonite, for all equipment for mixing pumping, de-sanding and
all other operations required to complete the task

Item Description Unit

C121.11 Installing and removing temporary casings in augered holes for metre (m)
piles of (diameter indicated)

The unit of measurement shall be the metre of temporary casing installed as directed by the Engineer or shown on the drawings. Only
installed temporary casing below the average ground surface (Clause A12.1.7.4) shall be measured for payment.

The tendered rate shall include full compensation for supplying, installing and removing the temporary casings.
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Item Description Unit

C12.1.12 Installing permanent pile casing for piles of (diameter and pile type indicated) metre (m)

The unit of measurement shall be the metre of permanent casing installed as instructed by the Engineer or shown on the drawings.

The tendered rate shall include full compensation for supplying and installing permanent pile casing.

Item Description Unit
C12.1.13 Extra over items C12.1.5 and v C12.1.7 for raking of piles:
C12.1.13.1  Holes for piles of (diameter and rake indicated) metre (m)
metre (m)

C12.1.13.2 Temporary casing for driven displacement pile systems (diameter and rake indicated)

The tendered rates shall include full compensation for all additional work and incidentals for forming pile holes or for driving and later
extracting of temporary casing.

Item Description Unit

C12.1.14 Forming bulbous bases for piles of (diameter indicated) number (No)

The unit of measurement shall be the number of bulbous bases formed.

The tendered rate shall include full compensation for all work conducted in forming the bulbous bases but shall exclude the concrete work.

Item Description Unit
C12.1.15 Steel reinforcement in cast in situ piles:
C12.1.15.1  Mild-steel bars (type indicated) ton (t)
C12.1.15.2 High-yield-stress-steel bars (type indicated) ton (t)

The unit of measurement for steel bars shall be the tonne of reinforcement in place in accordance with drawings or as may have been
authorised.

Ties and other steel used for keeping reinforcing steel in position shall be measured as steel reinforcing under appropriate subitem.
The tendered rates shall include full compensation for supplying, delivering, cutting, bending, welding, trial welds, placing and fixing steel
reinforcing, including all tying wires, spacers and waste.

Item Description Unit

C12.1.16 Cast in situ concrete in piles, underreams, bulbous bases and sockets (class of cubic metre (m?)
concrete indicated)

The unit of measurement shall be the cubic metre of concrete placed in the cast in situ piles, under-reams, bulbous bases and sockets.
The quantity shall be calculated from the nominal pile diameter and the length of pile from founding level to specified cut-off level, plus
additional quantity of concrete in the bulbous bases as may be relevant.

The tendered rate shall include full compensation for supplying and storing all material, providing all plant, mixing, transporting, placing
and compacting the concrete as well as the curing of the concrete. Payment shall distinguish between different classes of concrete.

Item Description Unit

C12.1.17 Extra over item C12.1.16 for concrete cast underwater cubic metre (m3)
The unit of measurement shall be the cubic metre of concrete cast under water, the quantity being calculated as for item C12.1.16.
The tendered rate shall include full compensation for all additional work, incidentals and extra cement required for placing the concrete
under water.

Item Description Unit

C12.1.18 Manufacturing, supplying and delivering prefabricated piles (type and size indicated) metre (m)

The unit of measurement shall be the metre of accepted prefabricated pile delivered on site in accordance with the Engineer's written
instructions.

The tendered rate shall include full compensation for supplying all materials, the manufacturing, transporting and delivering to the point of
use and handling of the prefabricated piles.
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Item Description Unit

Installation of prefabricated piles (type and size indicated) through material situated

C12.1.19 within the following successive depth ranges:
C121.191 Omupto10m metre (m)
C12.1.19.2 Exceeding 10 mandup to 15 m metre (m)
C12.1.19.3 Etc in increments of 5,0 m depths metre (m)

Limits for the successive depth ranges shall be measured down from average ground surface (Clause A12.1.7.4) to the agreed founding
depth (Clause A13.1.7.3 c)).

The unit of measurement shall be the metre of prefabricated pile installed. That part of the prefabricated pile projecting above the average
ground surface shall not be measured and paid for. Irrespective of total length of pile installed, the quantity installed within each depth
range shall be measured and paid for separately.

The tendered rates shall include full compensation for hoisting and driving the pile.

Item Description Unit

Installation of self drilling micropiles (size indicated) through material situated within

C12.1.20 the following successive depth ranges:
C12.1.201 Omupto9,0m metre (m)
C12.1.20.2 Exceeding 9,0 mand up to 15 m metre (m)
C12.1.20.3  Etc in increments of 3,0 m depths metre (m)

Limits for the successive depth ranges shall be measured down from the average ground surface (Clause A12.1.7.4) to the agreed
founding depth (Clause A13.1.7.3 c¢)).

The unit of measurement shall be the metre of micropile installed as specified. That part of the micropile projecting above the average
ground surface shall not be measured and paid for. Irrespective of the total length of pile installed, the quantity installed within each depth
range shall be measured and paid for separately.

The tendered rate shall include full compensation for supplying all materials, personnel and equipment required for the installation of the
micropiles

Item Description Unit
C12.1.21 Driving temporary casings for driven displacement in piling systems or install provisional
prefabricated piles through identified or unidentified materials sum

A provisional sum is allowed in the schedule of quantities for covering cost of this work. The method of payment for work authorised by
the Engineer shall be in accordance with provisions of the general conditions of contract.

Item Description Unit
C12.1.22 Extra over item C12.1.19 for raking of prefabricated piles (type, size and rake metre (m)
indicated)

The unit of measurement shall be the metre of pile installed.

The tendered rates shall include full compensation for all additional work and incidentals for installing prefabricated piles to specified rakes.

Item Description Unit

C12.1.23 Splicing/coupling prefabricated piles for lengthening (size of pile indicated) number (No)
The unit of measurement shall be number of splices/couplings in prefabricated piles for each size of pile.

The tendered rate shall include full compensation for all work required for splicing/coupling piles in accordance with the specifications.
Item Description Unit

C12.1.24 Stripping/cutting the pile heads (type and diameter/size of pile indicated) number (No)
The unit of measurement shall be the number of heads of each type and diameter/size of pile stripped/cut.

The tendered rate shall include full compensation for providing all tools and stripping/cutting pile heads.
Item Description Unit

C12.1.25 Establishment on site for the load testing of piles lump sum

The tendered lump sum shall include full compensation for the establishment on site and subsequent removing all special plant and
equipment required for conducting load tests on piles as specified. This cost does not vary with the number of load tests to be conducted.
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Payment for this work shall be made by way of a lump sum, 100 % of which will be paid after testing assembly is completely assembled
and the first load test started. Standing time will not be paid in respect of piling activities and for pile installation equipment while pile
testing is being carried out and the results thereof are being assessed.

Item Description Unit

C12.1.26 Load tests on piles (compression/tension test, diameter/ size, specified, working load and number (No)
pile type indicated)
The unit of measurement shall be the number of load tests conducted on instruction of Engineer, for each specified working load. Test
piles shall be measured as specified above as for permanent piles. Anchor piles and anchors shall be deemed to form part of the testing
equipment and shall not be measured under this item.

The tendered rate shall include full compensation for installing anchor piles and anchors where necessary; conducting load tests, and the
processing and submitting of results.

Item Description Unit

C12.1.27 Establishment on site for core drilling lump sum

The tendered lump sum shall include full compensation for the establishment on site and subsequently removing all plant and equipment
required for conducting specified core drilling. This cost does not vary with quantity of work to be done. This work will be paid by way of a
lump sum, 75 % of which will become payable when all the equipment is on site and the first hole completed. The remaining 25 % will
become payable after all the holes are complete and the equipment is removed from site.

Item Description Unit

C12.1.28 Moving equipment to and assembling at each location where cores are to be drilled number (No)
The unit of measurement shall be number of locations to which core-drilling equipment is moved and at which it is assembled.

The tendered rate shall include full compensation for cost of moving and assembling equipment.

Item Description Unit
C12.1.29 Drilling the cores (diameter indicated) in:
C12.1.29.1 Concrete metre (m)

C12.1.29.2 Founding formation:

(a) Irrespective of hardness metre (m)
The unit of measurement shall be the metre of hole drilled.
The tendered rate shall include full compensation for drilling, core recovery , sheathing and the packing of the cores, provision of drilling
records, providing core boxes, providing and installing casings, and backfilling the holes with grout.

Item Description Unit

C12.1.30 Standing time for pile-installation frame hour (h)

The unit of measurement for standing time of a pile-installation frame shall be the hour during which the pile-installation frame is standing.

The tendered rate shall include full compensation for all fixed costs for the pile-installation frame, which is not connected with its operation
and quantity of work done.

Item Description Unit
C12.1.31 Pile Integrity Testing on augered/bored piles
C12.1.31.1  Providing and installing (diameter indicated) mild steel metre (m)

tubes for “Cross Hole Sonic Logging” in all designated piles

C12.1.31.2 Carrying out of Impact Frequency Response (IFR) measurements or Sonic Tapping tests number (No)
and interpretation of results (per pile diameter)

C12.1.31.3 Cross-Hole Sonic Logging tests and interpreted results (per pile diameter) metre (m)

C12.1.31.4 Base integrity tests (per designated pile) number (No)

The unit of measurement for C12.1.31.1 for the 85 mm nominal diameter mild steel tubes shall be the metre of approved 3,0 mm thick tubes
provided and installed into all designated piles of various diameters in accordance with the specification.

The tendered rate shall include full compensation for all materials, plant and equipment required or the installation of the tubes in the
designated piles as specified
The unit of measurement for C12.1.31.2, Impact Frequency Response tests shall be the number of designated piles tested by the IFR method

The tendered rate shall include full compensation for the establishment on site, procurement, preparation, conducting and supervising the
tests and full compensation for the proper evaluation and reporting of the results and findings of the IFR consultant to the engineer,
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The unit of measurement for C12.1.31.3, CSL tests, shall be the metre of pile shaft fully tested (for all designated piles) using the Cross-Hole
Sonic Logging method.

The tendered rate shall include full compensation for establishment and removal of all specialised equipment and expert personnel as well as
for all materials, the preparation, execution and supervision of the testing as well as for evaluation and reporting of the results, the interpreted
findings/conclusions/recommendations of the by the CSL consultant to the engineer.

The unit of measurement for C12.1.31.4, Base integrity testing shall be the number of base integrity tests performed as described in Clause
A12.1.8.4b) as instructed by the Engineer.

The tendered rate shall include logging of cores and the grouting up of all CSL tubes after successful testing. The drilling of cores through
pile concrete and founding formation (irrespective of hardness) shall be paid for under item C12.1.28,

Establishment on the site for core drilling in piles for the installation of tubes for Cross Hole Sonic Logging shall be paid under pay item
C12.1.27 while moving equipment and assembling it at each location/pile position where cores are to be drilled shall be paid under pay
item C12.1.28

Item Description Unit

Lateral support to

C12.1.31 A
excavations

C12.1.31.1 Atlocation (to be indicated):

(@) 0to 3,0 mdepth square metre 2
(b) 3,0to0 6,0 mdepth square metre ?
C12.1.31.2 At other locations (As indicated) square metre?

The unit of measurement shall be the square metre of excavated face supported over the successive depth ranges, measured down from
the agreed ground level.

The tendered rate shall include full compensation for procuring and installing the lateral support system, as well as for removal, if required.
It shall include for all materials, labour, plant, equipment and incidentals to provide support to the excavated faces for the duration of
substructure construction.

The cost of excavating the material shall not be included but paid for under items C13.1.3 and C13.1.4 .
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D12.1 PILING
PART D: GUARANTEES AND COMPLIANCE CERTIFICATES

CONTENTS

D12.1.1 SCOPE

D12.1.2 GENERAL

D12.1.3 PERFORMANCE GUARANTEE REQUIREMENTS
D12.1.4 FUNCTIONAL PERFORMANCE ASSESSMENTS
D12.1.5 VISUALLY ASSESSED PROPERTIES

D12.1.6 INSTRUMENTALLY ASSESSED PROPERTIES
D12.1.7 EVALUATION FOR ACCEPTANCE

D12.1.8 ADDITIONAL PROCEDURES TO BE ADOPTED IN THE EVENT OF FAILURE
D12.1.9 NOTIFICATION OF REMEDIAL WORK

D12.1.10 REMEDIAL WORKS

Where applicable, details must be provided in the Contract Documentation.

D12.1.1 SCOPE

The scope of this section covers the following:
Guarantees and compliance certificates
Product conformance specifications

D12.1.2 GENERAL

The Contractor shall provide detailed specifications, test data, performance data and compliance certificates from independent reputable
agencies for all proprietary systems, processes and materials proposed for use. These shall demonstrate conformance with the
performance requirements specified in the Contract Documentation. Unless otherwise specified, all proprietary materials shall be used
and placed in strict accordance with the relevant manufacturer's current published instructions

D12.1.3 PERFORMANCE GUARANTEE REQUIREMENTS

The Contractor shall, within 28 days of entering into the contract with the Employer, submit to the Engineer conformance documentation
related to the specifications.
Conformance documentation shall be provided for the following:

Materials and Materials Design as per Clause A12.1.3.2

Materials as per Clause A12.1 5,

Construction Equipment as per Clause A12.1.6

Execution of the Works as per A12.1.7

D12.1.4 FUNCTIONAL PERFORMANCE ASSESSMENTS

No specific items in this Section.

D12.1.5 VISUALLY ASSESSED PROPERTIES

No specific items in this Section.

D12.1.6 INSTRUMENTALLY ASSESSED PROPERTIES

No specific items in this Section.

D12.1.7 EVALUATION FOR ACCEPTANCE

No specific items in this Section.

D12.1.8 ADDITIONAL PROCEDURES TO BE ADOPTED IN THE EVENT OF FAILURE

No specific items in this Section.

D12.1.9 NOTIFICATION OF REMEDIAL WORK

No specific items in this Section.

D12.1.10 REMEDIAL WORKS

No specific items in this Section.
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A12.2 GROUND ANCHORS

CONTENTS

PART A: SPECIFICATIONS

A12.21 SCOPE

A12.2.2 DEFINITIONS

A12.2.3 GENERAL

A12.2.4 DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS
A12.25 MATERIALS

A12.2.6 CONSTRUCTION EQUIPMENT

A12.2.7 EXECUTION OF THE WORKS

A12.2.8 WORKMANSHIP

PART B: LABOUR ENHANCEMENT
PART C: MEASUREMENT AND PAYMENT
PART D: GUARANTEES AND COMPLIANCE CERTIFICATES

PART A: SPECIFICATIONS
A12.21 SCOPE

This Section covers the design, supply, installation, stressing and testing of cable and rigid anchors.

A12.2.2 DEFINITIONS

The following definitions shall apply to these specifications:

Cable anchor - is a generic term covering all types of wire-strand cable ground anchors which are generally subdivided into rock anchors and
soil anchors. It is an installation which is capable of transmitting an applied tensile load to a stable load bearing stratum. The installation
generally consists of a stressing anchorage, a tendon with an uncoupled/free length and an anchored/ fixed length in the load bearing stratum.

Temporary anchor / Rockbolt / Soil nail / Dowel - installations used during the construction phase of a project to provide support for the
period until the permanent works are in place.

Test Anchor - is an anchor installed according to the Contractor's proposed method statements whereby the Contractor shall demonstrate
both the suitability of the plant and equipment, the design of the anchors as well as their competency to install the anchors as designed and
specified. The term ‘test anchor’ shall include ‘proving’, ‘trial’ and ‘site suitability’ anchors as referred to elsewhere in this specification and
other supporting documents referred to.

Deadman Anchor - are anchors that have anchorages at both ends of the tendon or bar. One end of the anchor may be permanently fixed
into an anchor block which generally will be buried during construction or may be a retaining structure/element allowing tensioning to be carried
out from the other end. Other types have anchorages at both ends allowing tensioning from either end.

Permanent Anchor / Rockbolt / Soil Nail / Dowel - an installation required to ensure the stability and satisfactory performance of the
permanent works being supported.

Stressing Anchorage - is a component of a ground anchor capable of transferring the tensile load from the tendon to the surface of the
ground or structure requiring support:

- Normal type - An anchorage designed to permit the load in the anchor tendon to be raised or lowered within the entire range of operating
stress levels and measured when necessary to meet the requirements of acceptance testing. This is only possible during the initial
stressing phase as protruding tendons are cut making further measurement or adjustment impossible.

- Re-stressable type - An anchorage meeting all the requirements of the normal anchorage and permitting the load on the anchor tendon,
throughout the life of the support structure, to be measured by check lifting. It also allows small losses of up to 10 % of the working load
to be recovered.

- De-tensionable type - An anchorage meeting all the requirements of the re-stressable type and in addition permitting the anchor tendon
to be de-tensioned in a controlled manner at any time during the life of the anchor.

Fixed Anchor Length - is the designed length of the anchor over which the tensile load is transferred to stable load bearing strata.
Free Anchor Length - is the design length between the proximal end of the fixed anchor length and the stressing anchorage.
Proximal End - is nearest to the stressing anchorage or collar head.

Distal End - is furthest from the stressing anchorage or collar head.

Anchor Jacking End - the jacking end of the anchor is defined as the concrete bearing pad and the steel thrust plate.
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Anchor Tendon - is that part of the anchor which transfers the tensile load from the fixed anchor to the stressing anchorage. Tendons can
comprise single 7 wire strands or multiples thereof.

Anchor Tendon Bond Length - is the length of the anchor tendon which is bonded directly to the encapsulating grout within the fixed anchor
length.

Capsule Bond Length - is the overall length of the outer perimeter of the capsule within the fixed length which is bonded to the surrounding
homing grout.

Fixed anchor length - the length of tendon/ anchor over which the tensile load is transmitted to the surrounding ground.

Tube- a- manchette - comprises single or multiple holes provided in a discrete section of a high pressure grout tube tightly sheathed with
plastic tubing which allows the outward passage of grout under high pressure.

Anchor assemblage - comprises the tendon, in its corrugated sheathing, complete with spiralled external grout pipes

Calculated Free Tendon Length - the calculated length of the anchor tendon is the length of tendon at the point at which it effectively bonds
with the encapsulating grout in the fixed length once it is stressed. This can only be determined during the initial stressing operation from load
extension tests. The nominal free anchor tendon length may be extended by the stressing length depending on the type of stressing system
employed.

Homing Grout - the grout injected before or after tendon homing, and prior to stressing.

Primary Grout - the grout injected to secure the fixed length of the anchor within the sheath. The Contract Documentation may allow for the
grouting of the free length under this operation or may specify that the free length only be grouted on the successful completion of the stressing.

High Pressure Grout - secures the fixed length to the surrounding stable strata.

Secondary Grout - is the grout injected after stressing to bond and/or protect the free length of the tendon where post stressing grouting of
the free length is specified in the Contract Documentation.

Lift-Off Load - is the minimum load monitored during a stressing or load checking operation which provides a defined clearance, typically 0,1
mm — 1,0 mm, between the anchor head or ring nut and the anchor plate.

Relaxation - is the decrease of load in the tendon over time.

Creep - is the movement of the fixed length, with time, under load.

Skin Friction - is the bond value at the ground/grout interface over the fixed anchor length.

De-bonding - is the breakdown of bond at the grout/tendon or ground/grout interface.

Decoupling - is the separation of tendons over the free length from the surrounding ground and/or grout, via greased sheathing.

Characteristic Strength - the value of cube strength of grout or concrete or the ultimate tensile strength of the steel in the wire strand, below
which not more than 5 % of the test results fall.

Rigid Anchors - is a generic term covering all types of generally non flexible anchors including rock dowels, rockbolts and soil nails.

Rock Dowel - is a generic term covering all types of steel bars and/or polymeric rods in rock which are fully bonded and untensioned.
Rockbolt - is a generic term covering all types of steel bars and/or polymeric rods in rock which are partially or fully bonded and tensioned.
Soil Nail - is a generic term covering steel bars and/or polymeric rods in soil which are fully bonded but generally untensioned.

Bolting - describes the drilling of holes by means of percussion or hydraulic equipment in rock and the subsequent insertion and grouting or
mechanical anchoring of steel bars within these holes. Face plates, washers/spacers and nuts are generally secured to the protruding end of
the bolts which are provided with a thread.

Soil Nailing - as for bolting but inserted into soil and/or highly/completely weathered or friable rock.

Self-Drilling Anchors - are hollow stem anchors provided with sacrificial drilling bits with grout introduced concurrently through the stem so
that the grouting is completed on drilling of the anchor. The sacrificial drilling bit must be capable of drilling through obstacles such as concrete
and rock boulders and capable of intersecting rock if required.

Anchor Head Protection - serves to both protect the bolt head and face plate against vandalism / corrosion and to camouflage it so that it
blends in with the surrounding ground surface.

Driven Tipping Anchor - describes all types of anchors first driven into soil and then pulled back to engage the tipping anchoring mechanism.
Pre-drilling may be required before driving in competent formations such as very soft rock and/or stiff/dense soils.

Screw Anchor - describes all types of screw and helical earth anchors. They shall be used in soil only.

A12.2.3 GENERAL
A12.2.3.1 Method Statements

Where so indicated by the Engineer the Contractor shall prepare detailed method statements for each facet of the work describing key
aspects such as construction methodology, key plant, materials, personnel as well as any programme constraints of the envisaged
construction process.

These method statements shall be prepared and submitted to the Engineer for approval prior to commencement of that activity, within time
scales specified. The onus lies with the Contractor to ensure that the information is obtained and that associated activities are completed
expeditiously to avoid any delays in the commencement, continuation and completion of the required works. Unless otherwise specified
or provided for in the Contract Documentation no permanent works shall be commenced until the Engineer’s approval of the relevant
method statement. The Contractor shall, however, remain responsible for all work-methods, materials, plant and equipment used,
notwithstanding acceptance by the Engineer
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The Contractor shall be required to construct test or trial anchors and the testing thereof as specified herein and shall make due
allowance therefore in his programme. Allowance shall also be made for allow for the Engineer’s assessment of constructed
anchors, procedures followed, and materials and plant utilised and test data. Production anchoring shall not be permitted until it is
shown and accepted by the Engineer that the Contractor possesses the necessary experience, plant and equipment to carry out
the works as specified in the Contract Documentation.

It should be noted that work shall only be performed by personnel listed by the Contractor. If personnel changes need to be made
during the project, works shall be suspended until replacement personnel are approved by the Engineer. Time lost due to
incomplete submissions, unacceptable submissions, or obtaining approval of replacement personnel will not be considered as
cause for extension of time or delay claims. All costs associated with incomplete, replacement, or unacceptable submissions shall
be to the Contractor’s cost.

Once approved in writing by the Engineer, these shall become the method statements in accordance whereby the relevant portion of the
works shall henceforth be executed. Notwithstanding, the Engineer may require revision from time to time if circumstances during
construction arise which warrants change.

A12.2.3.2 Materials and materials design approvals

All materials used in the works described hereunder shall meet the appropriate standards given below and/or specified in the Contract
Documentation and shall be subject to the approval of the Engineer. The contractor shall submit product certificates, conformance
documentation related to the specifications, test results as required together with samples of materials and where applicable,
materials designs that he proposes to use in the construction of the works to the Engineer for his acceptance/approval as provided
for in the contract documentation.

Due allowance shall be made for obtaining materials, resubmissions and re-designs, all to the required/approved standards,
methods and practices in attending to these requirements. Particular attention shall be paid to the early submission of materials-,
concrete- and grout mix designs where parameters at various ages may be specified. No consideration for extension of the
contract period will be entertained for delays incurred in meeting these requirements.

The Contractor’s attention is drawn to the approvals required as indicated in Table A12.2.3-1 below regarding works carried out under
this section of the works:

Table A12.2.3-1: Required Approvals

Clause Requirements Period
Materials Design Approvals
Design for the homing, encapsulation and high pressure 4 weeks before trial anchor
A12.2.5.1b) -
grout construction
Materials approvals
Samples, prototypes and technical details of the proposed ) Weeks beforg the - approved
A12.2.5.1b) ’ . : programmed trial/test anchor
anchoring materials . -
construction activity.
Full details of the tensioning system(s), materials and 4 weeks before the approved
A12.2.6.1d) equipment, and methods to be adopted in tensioning and programmed trial anchor
related operations construction activity
Construction Approvals
A12.2.7.2 a) Construction Method Statement for trial/test cable anchors TWO. weeks prior to_ commgncement
of trial/test anchor installations
. . . Four weeks after Engineer’s
A12.2.7.2 a) Construction Method Statement for working/production approval of the installation and test
cable anchors
results
. . . One week after Engineer’s approval
A12.2.7.2 a) Installation of working/production cable anchors of Construction Method Statement
Two weeks prior to commencement
A122.73b Construction Method Statement for trial/test rock bolts/ soil | of trial/test rock bolt/ soil nail
.2.7.3 b) nails installations
4 weeks prior to commencement of
Contractor's Construction Method Statement for rock any permanent rock bolting / soil
A12.2.7.3 b) ) I il
bolting / soil nailing nailing.
Engineer’s approval of Construction
A12.2.7.3 b) Installation of working rock bolts/ soil nails Method Statement for production
rock bolts/ soil nails

A12.2.3.3 Additional requirements

The works in this section comprise the design, manufacture, installation, tensioning, testing, protection and the performance monitoring
of cable anchors, soil nails, rockbolts and mechanical earth anchors for the application as described in the Contract Documentation. The
works are of a highly specialised nature and shall only be carried out by Contractors who have the necessary experience, expertise, plant
and equipment, to carry out the works as specified. The CV’s of all key personnel shall be submitted for approval by the Engineer.

. Unless otherwise specified in the Contract documentation all ground anchors shall be designed and constructed in compliance with
these specifications and in compliance with the following standards/codes of practice:
- Lateral Support in Surface Excavations: Code of Practice 1989: SAICE.
- Execution of Special Geotechnical Works-Ground Anchors; BS EN 1537: 2013.
- British Standard Code of Practice for Ground Anchorages; BS 8081: 2015
- BS EN 14490:2010. Execution of Special Geotechnical Works- Soil Nailing
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The installation of working cable anchors, soil nails or rockbolts or mechanical earth anchors shall only commence when the Engineer has
given his written acceptance of the designs for which the Contractor is responsible in terms of the Contract Documentation, the Contractor’s
method statements, the proposed materials, the proposed drilling methods and of the Contractor’s successful installation and testing of
the trial anchors/ soil nails/rockbolts.

A12.2.4 DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS

The Contractor shall, unless otherwise indicated in the Contract Documentation, be responsible for the design of the ground anchors
specified by the Engineer. The Contractor shall similarly be responsible for the design of all grout, concrete and/ specialised cementitious
products required for the installation and protection of the ground anchors.

The following shall be applicable in this regard:

e  The ground anchors shall be designed in compliance with these specifications and in addition, the following in the order of precedence
shown, unless specified otherwise by the Engineer:
- Lateral Support in Surface Excavations: Code of Practice 1989: SAICE.
- Execution of Special Geotechnical Works-Ground Anchors; BS EN 1537: 2013.
- British Standard Code of Practice for Ground Anchorages; BS 8081: 2015
- BS EN 14490:2010. Execution of special geotechnical works. Soil nailing

e  The Engineer shall specify the following design criteria:
- Sequencing of the works in the event that it impacts on the design
- Whether the anchors are permanent or temporary
- Working load
- Class and type of anchor
- Corrosion protection
- Minimum free length
- Minimum fixed anchor length
- Directional tolerances

e  The following geotechnical information will be provided to the Contractor:

- Rock or ground Engineering characteristics
- Borehole logs and cores for inspection
- All other pertinent factual geotechnical information as may be available

The Contractor shall in carrying out his design obligations, familiarise himself with the available information and shall, at his own cost,
carry out whatever further investigations are required . This aspect must be catered for in the programme. In carrying out these obligations
the Contractor shall take note of the following:

- No cable anchor may be installed closer than 1,0 m from any point on the exterior of a known service, service duct or culvert.

- The anchors shall be designed such that the working stress in the tendons does not exceed 53% of the characteristic breaking stress
for permanent anchors and 64 % for temporary anchors.

- The Contractor shall assess the suitability of the bursting reinforcement in the concrete bearing plate to ensure that it is compatible
with the stressing system he intends using and will efficiently transfer and maintain the anchoring forces. Allowance shall be made
by the Contractor for any additional reinforcement required for the anchorage of his anchors. Payment for this additional reinforcement
shall be deemed to be included in the rates for the anchors.

- Test and/or site suitability anchors shall be carried out to the Engineer’s requirements and as specified in the Contract Documentation.

- The Contractor may not commence with the manufacture and installation of ground anchors until the Engineer has given written
approval of the Contractor's design.

A12.2.5 MATERIALS

All elements subject to hot dip galvanising shall be treated in accordance with SANS 121/ISO 1461 to a mean coating thickness of 85um and
thereafter passivated using a non-toxic approved product.

A12.2.51 Materials for cable anchors
a) General

All materials used in the ground anchors shall comply with the requirements of Clause A13.5.5 of Chapter 13 and all equipment used in the
fabrication, grouting and stressing shall comply with the requirements of Clause A13.5.6 of Chapter 13.

All materials shall also comply with the following additional requirements:

The tendons shall be manufactured from class1 relaxation high tensile non-alloy 7-wire strand with a nominal tensile strength of 1 770 MPa
or multiples thereof in accordance with BS 5896 (2012). The sheathing and injection of the grease into the annulus between the strand and
the sheathing shall all be performed during the course of manufacture, and the grease shall comply with the requirements given in Table
A12.2.5-1 for rust-inhibiting properties. The minimum thickness of the sheathing shall be 1,0 mm.

Each batch of strand delivered to site shall be accompanied by a test certificate issued by a recognised accredited testing authority specifying
the characteristic strength of the strand, plus a proof stress/strain diagram reflecting a test on a sample of the strand from that particular batch
of manufacture, indicating the 0,1 % and 0,2 % proof stress.

Prestressing steel shall be clean, free from faults or defects, and without any harmful films and matter which may impair adhesion to the
grout or concrete. The sheathing shall be free of any holes, cuts or abrasions through which the injected grease may escape. Deficient strands
will be rejected. Strands damaged in removing the sheathing on the fixed length or on the working length shall similarly be rejected.

b) Cementitious grout

Cement grout shall be manufactured using the cement as specified in the Contract Documentation. CEM1 42.5 or as otherwise approved
using potable water, with or without additives with a water/cement ratio ranging from 0.35 to 0.70. For anchorages installed in low permeability
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ground, i.e. rock or clay, the water/cement ratio should not exceed 0.45. The use of additives shall be subject to the Engineer’s approval and
demonstrated performance in the testing of the grout.

Bleeding at 20°C measured in accordance with Clause A20.1.5.6b)(iv) of Chapter 20 shall not exceed 2 % by volume 3 hours after the grout
has been mixed, and the maximum bleeding shall not exceed 4 %. In addition, the separated (bleed) water must be reabsorbed after 24
hours.

The Contractor shall submit the design for the homing, encapsulation and high pressure grouting to the Engineer together with samples of all
the constituents four weeks before the commencement of trial anchor installation together with the test results indicating the 7 and 14 day
strengths obtained using the mix. At least two sets (3 cubes each) shall be presented on the prescribed form. The mixing, manufacture, curing
and testing of the cubes shall be carried out by an approved, SANAS accredited laboratory. The cube compressive strength of 100 mm
cubes made of the grout and cured in a moist atmosphere for the first 24 hours and then in water at 20°C shall exceed 20 MPa at 7 days.
Sampling and testing of anchorage grout will be required as specified in Clause A12.2.8.1a).

The consistency of each batch of grout shall be tested with the flow cone and any variation exceeding 20 % of the average daily recorded
shall be immediately brought to the attention of the Engineer.

c) Water
Water for grout shall comply with SANS 241.
d) Corrugated sheathing

The fixed anchorage length of the anchor shall be encapsulated in a corrugated high-density polyethylene, polypropylene or similar approved
inert sheathing, of 1,0 mm minimum wall thickness. The pitch of the corrugations shall be within six to twelve times the sheath wall thickness
and the amplitude of corrugations not less than three times the wall thickness. Alternative profiles may be offered but “curved” corrugations
are preferred to the “square” type. The internal diameter of the corrugated sheathing shall provide a minimum cover of 10 mm between the
strand and the corrugated sheathing. If the anchor design provides for the corrugated sheathing to be extended over the free length as well
as the fixed anchorage length, this sheathing shall comply with the same requirements as those for the fixed anchorage length, and will
continue, preferably without jointing up the full length of the tendon.

If it becomes necessary to join two sections of corrugated sheathing, such joints shall be sealed to occlude the passage of fluids. The
Contractor shall demonstrate this and obtain the Engineer’s approval before employing such sheathing on working anchors.

e) Grout tubes

The grout tubes shall have a minimum external diameter of 20 mm and sufficient internal diameter to allow for the insertion of a washing tube.
The tubes shall have sufficient capacity to cater for the grouting pressures to which they will be subjected. The tubes shall have a spare
capacity of at least 20% above that of the highest pressure required to successfully grout the fixed length of the anchors.

f) Tube-a-manchettes

The grout tubes required for the tube-a-manchettes shall cater for the very high pressures which may be required to create appropriate anchorages
for the given ground conditions over the fixed length. Manchettes shall be provided at no greater spacing than 750 mm along the fixed
anchorage length to enable re-injection of this portion of the anchor to be performed. These manchettes will be required for all ground
anchors. The end of the high pressure injection tube shall be fitted with a clamp, valve or device capable of withstanding the maximum
pressures that it shall be subject to plus 10 %, without loss of grout.

dg) Anchor heads and pull bars

Anchor heads shall unless otherwise specified in the Contract Documentation, be of the re-stressable type, such that monitoring of the
residual load in the anchor and re-tensioning can be carried out. Anchorages and couplers shall comply with BS EN 13391. They shall be
capable of sustaining twice the working load with an angular deviation of not more than 5° from the tendon axis and without excessive
distortion.

The anchor head and proposed pull bar should be compatible and shall have been tested by a competent instance to withstand
twice the required loads.

The Contractor shall submit samples and technical details of the proposed anchor heads as well as details of the pull bar to the Engineer
for his acceptance at least 4 weeks before the intended use. The pull bar details shall include Engineering drawings that can be used for
the manufacture of replacement pull bars by others. If so specified the pull bar used shall remain the possession of the Employer.

h) Wedges

Wedges shall comply with BS EN 13391.The Contractor shall submit samples and technical details of the wedges to the Engineer for
approval at least 4 weeks before the intended use.

i)  External centralisers

External centralisers to the corrugated sleeve may consist of a solid polyethylene core, with an external diameter not less than 10mm,
wrapped in a spiral in order to centralise the entire anchor assembly.

If the spacer system around the corrugated sheathing is intended to take the form of a helically wrapped tube, which also functions as an
injection tube, this tube shall not be smaller than 20 mm diameter and the pitch of the helix shall not be greater than 1 m. The Contractor
shall submit samples and technical details of the centralisers to the Engineer for approval at least 4 weeks before the intended use.

j) Tendon spacers / centralisers

Tendon spacers/ centralisers shall be provided over the full length of all tendons or encapsulations to ensure tendon centralisation, spacing
and separation of the components to achieve effective grout penetration and a minimum grout cover of 10 mm. The spacer shall be
designed to provide a clear spacing between individual tendon components of not less than 5,0 mm.

Tendon spacers / centralisers to retain the strands shall be located at no greater distance than 1,5 m centre to centre and shall be of an
approved type capable of carrying the mass of the tendon without deflection, distortion or compression. The design of these centralisers
shall be such to permit the smooth flow of grout and avoid the formation of pockets of water or air adjacent to them. The Contractor shall
submit samples and technical details of the centralisers to the Engineer for approval at least 4 weeks before the intended use.
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k) Shims

All shims shall be manufactured from grade 300W mild steel and be suitably machined to ensure a uniform, even bearing surface. The
shape shall facilitate easy installation and extraction. The Contractor shall submit samples and technical details of the shims to the
Engineer for approval at least 4 weeks before the intended use.

1)  Anchor head covers

The anchor head covers shall be compatible with the approved anchor heads and shims, provide 50-year corrosion-resistance and be
vandal proof. They shall be filled with grease, complying with BS 8081.

The covers shall be fitted with suitable gaskets and shall be coupled to the anchor thrust plates securely to avoid grease loss. Covers
leaking grease shall immediately be replaced, re-greased all at the Contractor’s expense.

The Contractor shall submit samples and technical details of the anchor head covers to the Engineer for approval at least 4 weeks before
the intended use.

m) Anchor thrust plate

The steel thrust plate shall be manufactured to the dimensions indicated in the Contract Documentation and on the drawings. Unless
otherwise specified the thrust plates shall be hot dip galvanised in accordance with SANS 121 /ISO4998, with a minimum mean coating
thickness of 85um. The Contractor shall submit samples and technical details of the anchor thrust plate to the Engineer for approval at
least 4 weeks before the intended use.

n) Anchor component compatibility

A prototype shall be assembled where appropriate and the complete anchor system presented for inspection.
o) Grease

Grease shall comply with the requirements in Table A12.2.5-1 for rust-inhibiting properties

Table A12.2.5-1 Properties for rust inhibiting grease

PROPERTY UNIT METHOD REQUIREMENTS
ASTM D127
Drop point (°C) °Cc ASTM D 566 65 min
ASTM2265/IP396
Flash point °c Al 150 min
Penetration: un- worked A
@25°C mm ASTM D217 > 150
Penetration: worked @ 25°C mm-" ASTM D217 >250< 350
Oxidation stability: Loss in kPa ASTM 942
70 max
@100 hrs
140 max
@400hrs 210 max
@1000hrs
Corrosion resistance/rust test .
0 o (visual) ASTM D1743 Pass
14 days@25° C and 100 % rel. hum. (rating 2)
Salt spray:1,0 mm grease@500 hrs ASTM B117 No corrosion
Acid and Base number mgKOH/g ASTM D974-85 (mod) 0.6 max
Qil separation % ASTM D1742 FTMS791C 3 % max
Water washout % m/m AET()M1I;(1)22 4 <5
Water content % m/m P;g(‘l;l\g%? <01
Evaporation loss* % m/m ASTM D972-56 0.5 max
. " ASTM D512
chloride content ppm ASTM D432-7 5 max
Nitrate content*® ppm, ASTM D432-7 5 max
Sulphide content* ppm ASTM D432-7 5 max

* Recommended limits

p) Cement

The cement used in the manufacture of grout shall be CEM 1 42.5 N unless otherwise specified in the Contract Documentation.

A12.2.5.2

a) General

All materials used for rockbolt, dowels and soil nails shall comply with the following standards:

SABS 920 — Steel bars for concrete reinforcement

SABS 1024 — Welded steel fabric for concrete reinforcement

Materials for rockbolts, dowels and soil nails

SAICE Lateral Support in Surface Excavations: Code of Practice 1989.

BS EN 14490:2010. Execution of special geotechnical works- Soil nailing




b) Rockbolts, dowels and soil nails

These shall be steel bars and/or polymeric rods, either solid or hollow stem. The steel bars shall be hot-rolled, deformed, continuously
coarse-threaded high-yield steel (greater than 500MPa) of specified diameter and length. Steel for hollow-stem self-drilling anchors
shall also comply with EN 10210 (Hot finished structural hollow sections of non-alloy and fine grain structural steels and SANS 920.
Polymeric rock bolts and dowels may be used as specified in the Contract Documentation.

Mechanically end-anchored rockbolts and dowels shall be permitted, including ‘split set’, ‘swellex’ and other types.
c) Steel face plates, washers & nuts

Steel faceplates, hemispherical washers and nuts shall be supplied with each soil nail. All soil nails and face plates nuts and washers
shall be hot dip galvanised in accordance with SANS 121/ISO1461 to a mean coating thickness of 85um. The soil nails, face plates, nuts
and washers shall thereafter be passivated using a non-toxic approved product. When used in conjunction with wire netting galvanised
spike plates may be specified.

d) Cementitious grout

Only CEM | 42.5 N / CEM Il 35.2.N.BV which complies with the requirements of SANS 50197 shall be used unless otherwise specified in
the Contract Documentation.

The temperature of the cement shall be less than 40°C.

Fine aggregate if used in the mix shall consist of siliceous granules, finely ground limestone or very fine sand. It shall all pass a 0.600mm
sieve and shall be subject to the approval of the Engineer. The aggregate content in the grout shall not exceed 30% of the mass of the
cement.

Admixtures shall not be used in the grout without the approval of the Engineer. Admixtures shall be free of any product liable to damage
the steel or the grout itself, such as halides, nitrates, sulphides, sulphates, etc. The amount of admixture to be used shall be in accordance
with the manufacturer’s instructions.

The mixed grout shall have the following properties:

- C1-ions content shall not exceed 750 mg per litre.

- Viscosity will be measured in a standard flow cone or similar approved. Flow shall not be less than 12 seconds and not more than
30seconds. Any other approved cone shall be calibrated against the standard cone.

- Bleeding at 20°C shall not exceed 2 % by volume, 3 hours after mixing, and the maximum bleeding shall not exceed 4 %. After the
initial grouting of the nails, any bleed shall be compensated for by topping up the hole.

- The compressive strength of 100mm cubes made of the grout and cured in a moist atmosphere for the first 24 hours and thereafter
in water at 20°C shall exceed 20 MPa at 7 days.

- Grout must be tested on a daily basis.

e) Resin grout

Resin grout shall comply with the recommendations of BS 8081 and prepared and applied in accordance with the manufacturer's
prescription.

f) Water
Water for grout shall comply with SANS 241.

A12.2.5.3 Materials for tipping anchors

The numerous proprietary products shall comply with the following specifications:
Steel: SANS 920

Iron: SANS 920

Galvanising: SANS 121/ISO1461

A12.2.5.4 Materials for mechanical screw earth anchors

The materials used shall comply with the requirements in the Contract Documentation.

A12.2.6 CONSTRUCTION EQUIPMENT

A12.2.6.1 Construction equipment for ground anchors
a) Drilling equipment

The drill rig and equipment shall be in good working order and capable of producing the anchor/bolt or soil nail hole to the required
dimensions, tolerances, direction and inclination without undue disturbance of the surrounding material. Should the type of rig and/or
equipment prove inappropriate for the requirements or conditions on site, these shall be replaced by suitable equipment at the Contractor’s
cost. The drill rig/lequipment shall be able to install and remove casings as required during drilling operations, without loss of direction or
inclination, in all materials.

b) Grout mixer

The mixer used for the manufacture of grout for anchoring purposes shall be a high shear colloidal mixer. The holding tank shall be fitted
with an agitator capable of maintaining the colloidal condition and fluidity of the mix. The outlet shall be fitted with a suitable filter with
openings of less than 1,0 mm to remove any aggregations.
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c) Grout pump

The grout pump shall be a positive-displacement type and shall, unless otherwise specified, be capable of exerting a constant pressure
of at least 20bar or as may be required for high pressure grouting. The pump shall be fitted with a currently calibrated pressure gauge with
a dial of a suitable diameter enabling accurate readings to the nearest bar and a valve which can be locked-off without pressure loss. The
hoses used shall be appropriately rated for the pressures required.

d) Tensioning/pre-stressing system

All tensioning systems will be subject to approval by the Engineer. At least 4 weeks before commencing with tensioning operations, the
Contractor shall submit further and full details regarding the stressing system(s), materials, equipment and methods to be adopted in the
tensioning and related operations for approval by the Engineer. The information shall include detailed drawings, proof of successful
previous use, performance certificates from an approved independent testing authority, and calculations substantiating the adequacy of
the system.

The system shall comply with BS EN 13391. The Contractor’s proposed system shall comply with the following:

- The tensioning equipment shall be driven by hydraulic power pack, capable of gradual application of a controlled equally distributed
and aligned force to each tendon and anchorage,

- The pressure monitoring unit shall comprise three glycerine damped calibrated gauges complying with BS 1780 (1985), have dials
at least 150 mm in diameter and be used within the range of 50 — 90 % of their full capacity at maximum service pressure. The unit's
gauges shall measure the tensioning force to an accuracy of +2 %,

- The hydraulic circuits shall have self-sealing connections, and all gauges and hydraulic jacks shall be calibrated immediately prior to
use on site, by an approved, competent authority, and recalibrated as required by the Engineer during the course of the project.

The Engineer may at his discretion approve the use of suitable digital pressure gauges calibrated as specified above. At least two gauges

shall be used. Such approval may be withdrawn if in the opinion of the Engineer the performance is not satisfactory.

A12.2.6.2 Construction equipment for tipping anchors

Equipment necessary for the driving of tipping anchors shall vary according to the anchor size, application, earth characteristics, and
objective of a particular project as indicated in the Contract Documentation. Driving mechanisms may include handheld or machine-
mounted equipment.

A12.2.6.3 Construction equipment for screw earth anchors

Equipment necessary for the installation of screw earth anchors shall be appropriate for the anchor size, application, soil characteristics,
and objective as indicated in the Contract Documentation. Driving mechanisms may include handheld or machine-mounted equipment.

A12.2.7 EXECUTION OF THE WORKS
A12.2.71 General

Permanent lateral support shall be provided as per the Contract Documentation and as detailed in the construction drawings.

A12.2.7.2 Cable anchors

a) Test anchors

Test anchors shall be installed by the Contractor as indicated in the Contract Documentation. The positions shall be agreed with the
Engineer on site. The Contractor shall provide the Engineer with a method statement for the installation of the test anchors covering all
aspects of the installation including the drilling of the holes anchor materials, fabrication, installation, grouting, tensioning and protection
as detailed in these specifications at least two weeks prior to the commencement of the test anchor installation. The test anchors shall be
constructed utilising the same methodology, equipment, materials and workmanship as contemplated for the working anchors. Test
anchors shall be proof loaded and stressed in accordance with the provisions given in Clause A12.2.7.2f). In the case of a test anchor
being defective, the Contractor shall re-design and install a further set of test anchors.

The installation of working anchors will only be permitted on the successful completion and testing of the test anchors. The Contractor
shall revise his method statement as may be necessary following the test anchor installation and submit the revised method statement to
the Engineer for his approval. The Installation of working anchors shall only commence once the Engineer’s written approval has been
obtained. Payment will only be made for successful anchors as instructed by the Engineer.

b) Drilling
(i)  General

Holes shall be drilled to the diameter, depth, position and tolerances specified. The length of hole drilled shall be 300 mm greater
than anchor length.

The drilling rig assembly shall be sufficiently rigid and the working platform stable and durable to ensure the specified directional
alignment is achieved.

(i) Drilling methods

The drilling methods may either be auger, rotary, percussive, rotary-percussive or vibratory and shall be chosen to optimally
penetrate the substrata and achieve minimal disturbance of surrounding ground.

The use and selection of any method shall be entirely at the Contractor’s risk. If the selected method does not produce
satisfactory results, alternative methods shall be used to achieve the required result at no additional cost or extension of time.

If in the opinion of the Engineer the required results are not obtained, or the Contractor’'s work method is adversely affecting
the in-situ ground conditions, he will have the right to stop the works. The onus is on the Contractor to propose corrective
measures and present these to the Engineer for approval. No standing time or extension of time will apply during such
stoppages.
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(iii)

(iv)

v)

c)

(i

(i)

The use of casing in the free length is permitted, unless otherwise specified in the Contract Documentation.

Where casing is specified or used by the Contractor over the free length to stabilise the holes, the individual casing lengths
shall be welded using a jig designed to ensure that the line remains true and the welds are not severed during installation.
The diameter of such casing should provide for the specified cover over the anchor sheathing to be achieved. The casing
shall be trimmed to ensure that it remains clear of the stressing head throughout the stressing cycles.

The use of drilling fluid is subject to the following conditions:
It shall not cause swelling or softening of the ground.
It shall have no deleterious effect on the ground, tendon or grout.

Special care shall be taken when drilling into ground water with artesian pressure. In such circumstances the Contractor shall
propose an appropriate drilling method to the Engineer for approval.

Should the Contractor encounter ground conditions that differ from those on which the design is based, drilling shall be
discontinued, and the Engineer shall immediately be notified. The Contractor shall propose appropriate measures for approval
by the Engineer to progress the works.

Tolerances

The holes shall comply with the following:
Minimum hole diameter anchor assemblage plus 10 mm
Inclination at collar of hole +2.5° of specified inclination
Position of collar at hole 175 mm of specified position
Length from collar of hole specified length +0,3 m

Water Testing

On completion of drilling the fixed length in rock the drilled hole shall be tested for water tightness. If the loss of water over a
period of 10 minutes exceeds 3 I/min at a pressure of 100kPa at collar level the hole shall be grouted and re-drilled. The water
proofing grout shall be cement grout of similar composition to the anchor grouting. The Contractor shall provide the necessary
equipment for carrying out the testing inclusive of all packers, manifolds and other equipment required to carry out these tests.

The re-drilling shall not commence for at least twelve hours after the waterproof grouting has been completed.
Loss of Hole

Where a hole is lost or has to be abandoned due to mechanical breakdowns or failures or any other causes arising from the
Contractor’s activities or failure to protect the works, a new hole shall be drilled, entirely at the Contractor’s cost.

Manufacture
Storage, Handling and Protection

During storage, transit, construction and after installation the sheaths, tendons and anchorages shall be protected against
damage or permanent deformation. The materials shall be stored in weatherproof sheds. All materials shall be stored clear of
the ground and while in storage shall not be exposed to the weather.

When the tendons are stored for a prolonged period and there is evidence of deterioration, the Contractor may be called on
to prove by tests that the quality of the steel is not impaired and complies with the provisions of these specifications. All
damaged materials shall be replaced at the Contractor’s cost.

Fabrication

The tendons shall be assembled on site under the supervision of approved key personnel. In addition to the Contractor’s
process control, the Engineer reserves the right to carry out inspections of all components and assembled anchors. All
completed assemblies shall be numbered. Records of the process control shall be kept by the Contractor and submitted to
the Engineer before installation.

Anchors shall be assembled above ground on suitable trestles or stands. Cutting of strand shall be via high-speed abrasive
cutting wheels. Flame-cutting is not permitted.

The Contractor shall allow a minimum working length of 1,0 m in excess of specified free length plus fixed length. Strands
and anchorages shall be prevented from coming into contact with splashes from flame-cutting or welding processes in the
vicinity.

In removing the sheathing, care shall be taken to avoid damage to the strands. Damaged strands shall be rejected. The
grease shall be completely removed from the fixed length of each strand using a suitable solvent. The wires shall be unwound
during this operation. The approved centralisers shall be placed at intervals no greater than 1,5 m centre to centre firmly
affixed to the individual strands and internal fixed length grout pipes. The distal end shall be fitted with a securely attached
approved cap or centraliser to prevent either splaying or congregation of strands. The Engineer‘s acceptance shall be obtained
before any assembled tendon is inserted into the corrugated sheathing. The corrugated sheathing shall be fitted with a
water/grout-proof end cap securely affixed/fastened to the bottom of the corrugated sheathing and able to withstand the
rigours of tendon-insertion, homing and grouting. The prepared tendon or cable shall be labelled to show the tendon or cable
number.

The homing grout tubes shall be wound in a spiral around the corrugated sheathing at a pitch less than 1,5 m to provide cover
greater than 10 mm to the outside of the tubes. Where the homing grout tube is located internally and not helically wound
around the corrugated sheath, centralisers shall be placed at intervals less than 1,5 m along the corrugated sheath to provide
cover greater than 10 mm.
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If specified in the Contract Documentation, high pressure tubes shall be attached in a spiral around the corrugated sheathing
at a pitch less than 1,5 m to provide cover greater than 10 mm to the outside of the tubes. High pressure grouting tubes shall
be of the tube-a-manchette (TAM) type, provided with holes (greater and/or equal to 6,0 mm ¢) and sheaths (manchettes) at
a spacing less than 750 mm over the fixed length of the anchor. All grout injection tubes shall be colour coded to ensure their
correct utilisation.

The assembled anchor shall be stored on trestles or stands and be protected against the ingress of water and other foreign
objects. After fabrication, the cable ends shall be covered with protective wrapping.

d) Homing and grouting
(i)  General

Unless otherwise indicated in the Contract Documentation the tendon installation / homing of an anchor and grouting shall be
carried out within 2-4 days after the drilling of the fixed anchor length.

Generally, the anchor shall be homed into a water-filled hole and grout tremmied from the bottom of the hole to completely
encase the anchor. Where indicated in the Contract Documentation the anchor shall be homed in a partially filled tremie
grouted hole. Primary grout operations follow.

The homing shall be carried out at a steady controlled rate. Should any obstructions be encountered during this process or
the full depth not be attained, the cable shall be removed, and the problem rectified by appropriate means.

Sampling and testing of anchorage grout will be required as specified in Clause A12.2.8.1a).
(i)  Homing and encapsulating grouting

Borehole or homing grouting is the tremie grouting of the annulus between the corrugated sheathing and the sides of the hole
or casing.

Encapsulation grouting is the encapsulation of the anchor within the corrugated sheath. Encapsulation grouting may be done
prior to homing or after homing dependant on the type of anchor.

Prior to commencing with the homing- and encapsulation grouting the anchor assembly shall be centred by suitable means
to ensure that the strands remain parallel to the centre of the anchor and perpendicular to the thrust plated when grouted.

The grout shall be injected at the distal end of the hole, through the appropriate grout tubes. These shall be clearly demarcated,
or colour coded.

Grout injection shall be continuous. Injection shall continue until the grout flowing from the hole (homing grout) or from the
corrugated sheath (encapsulation grouting) is of the same consistency as that of the injected grout. The grout levels shall be
topped up after grouting to ensure that the required levels are achieved in the process. Unless a retarder is used in the grout
mix, the grout not used within 60 minutes of mixing shall be discarded.

The fixed anchorage shall be encapsulated in the corrugated sheathing through the primary grout tube. This encapsulation,
if done by pre-injection prior to homing of the anchor, shall be performed in such a manner that no pockets of air or water will
remain in the apexes of the corrugations, and the Contractor shall demonstrate his ability to achieve this to the Engineer whilst
installing the trial/site suitability anchors prior to the adoption of this method for the working anchors.

If the encapsulation is done concurrently with the homing of the anchors, and there is the risk of pockets of air or water being
entrapped in the apexes of the corrugations, the cover over the strand shall be increased to accommodate this. Under these
circumstances, it will be the responsibility of the Contractor to submit the proposed method statement for achieving this to
the Engineer.

If delays are encountered in commencement of the grouting process after homing, the anchor shall be removed, and the
process recommenced when the causes have been addressed.

If a blockage occurs during the course of grouting the anchor shall be withdrawn from the hole and removed from the
corrugated sheathing and thoroughly cleaned. Re-assembly shall be done as specified. The hole shall be flushed / re-drilled
as directed by the Engineer.

If in the course of grouting the grout take is in excess of three times the calculated theoretical volume, grouting shall be
terminated, the anchor removed and cleaned as specified. The hole shall then be re-drilled.

Grouting shall not be carried out during very cold weather when the ambient air temperature drops below 5°C.
(iii)  High pressure grouting

If deemed necessary or specified, high pressure grouting of the fixed length shall be achieved by the injection of grout under
high pressure after the homing and primary grout attains a cube strength greater than 10 MPa.

Water shall initially be used to open the manchettes and to break open the homing grout body. Thereafter, grout shall be
used. The grout shall be injected at a sufficiently high pressure to pass the tube-a-manchettes and penetrate or exert high
radial stresses on the surrounding material to penetrate and/or create extra volume facilitating bonding with the surrounding
material and/or creation of a bulbous anchorage.

Multiple injections may be required. The pressures and volumes of grout per injection will be dependent on ground conditions
and class of tube used. After each re-injection the system shall be thoroughly flushed and further high-pressure grouting
carried out until the grout injection rate less than 1 I/min at the injection pressure. Once the re-injections prove compliance
and the grout attained the specified strength, tensioning may proceed.

Full details of grouting stages performed on the ground anchor shall be recorded on approved forms and submitted to the
Engineer as the work proceeds.

e) Thrust plate seating

The thrust plate shall be seated on a thin mortar bedding of approved materials to bear evenly on the concrete bearing pad, and the
tendon axis shall be perpendicular to the bearing surface of the anchorage.
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f)

(i

(i)

(iii)

(iv)

Tensioning

General

Tensioning and testing of anchors as well as the recording shall be carried out by approved, appropriately qualified and
experienced personnel. Tensioning shall only commence once the high pressure grout attains a cube strength equal to or
greater than 25 MPa and the Engineer has given approval for the work to commence. The sequence of the anchors to be
tensioned shall be as instructed by the Engineer.

All instrumentation shall be protected from the elements during tensioning.

Prior to applying any load, the anchor head assembly shall be positioned so that the strands are centrally located within the
hole through the thrust plate and that none snag against it. Wedges shall be oil-free and clean to prevent slippage from
occurring and to allow movement between the wedge and the anchor. Wedges shall be simultaneously knocked tightly in
place ensuring uniform grip.

Tensioning shall commence with the uppermost strand, by applying a small load (5-10 % of the final value) to each one to
take up slack and prevent entanglement. This will allow the zero position for measuring the extension to be determined,
gripping devices, position and alignment of the jacks, to be checked. Jacks shall be kept flush with the thrust plate when load
is applied utilising hoisting mechanisms if necessary. The load shall be gradually increased to the full specified tensioning
force with intermediate load and extensions recorded at specified increments. Wedge draw in and possible strand slippage
shall be closely monitored.

For recording of tendon/cable extension, a dial gauge or electronic vernier calliper, attached to a free-standing tripod or similar
approved mechanism, shall be used. The instrument shall have an accuracy of 0,01 mm or better.

Prior to tensioning and to detect any slippage, protruding strands shall be marked and cut equidistant from the anchor head
such that more than 700 mm protrudes from the wedge. Cognisance shall also be taken of the projected extension and
equipment dimensions.

Tensioning by single-strand jack is permissible, provided the sequential load increment between successive strands is less
than 0.1 Tw.

The free length of a tendon may, in certain conditions be such that the extension under load is greater than can be
accommodated by the tensioning jack over the specified range. Single-strand tensioning of the anchor up to 0.5 Tw (the
design working load) is permissible. Full details of the Contractor’s proposals shall be given in the method statements for the
tensioning and testing of the anchors and the Engineer’s approval shall be obtained before commencement therewith.

At tensioning, the following data shall be recorded:

- Date and time started and completed

- Names of personnel responsible for tensioning

- Ground anchor number

- Free and fixed length of anchor

- Tendon type and E-value of steel

- Design, working load (Tw), proof load (1.5 Tw or 1.25 Tw) and lock-off load (1.1 Tw)
- Date of last calibration of gauges and accuracy of gauges

- Type of jack used and ram area of jack

- Tendon extensions during the course of loading and release
- Pressure gauge readings at each load increment

- Ground type

Testing

Testing of anchors comprise lift-off tests to establish loads on the anchor and to determine the efficacy of installation, by
comparing measured load/extension data with theoretical values. This enables actual free length of the anchor to be
determined. Lift-off tests shall be carried out at 1 day, at 3 days and, in addition for test anchors, at 10 days after initial
stressing.

The Contractor shall provide necessary plant, equipment, instruments, calibration certificates and labour to carry out the tests
and monitoring operations to the Engineer’s requirements. All the equipment shall be in good working order. The Contractor
shall provide the Engineer with a programme indicating dates of tensioning and/or testing of all anchors.

Within two days of completing a test, the Contractor shall supply the Engineer with load extension curves, neatly plotted,
as well as tensioning records in accordance with requirements.

Permissible loads in tendons

No tendon shall at any stage during a test be tensioned beyond 80 % of the characteristic strength.
Tensioning and testing process

Tensioning and testing of anchors shall be carried out as follows (Tw is the design working load):

1. Tension the anchor and record and plot load/extension data continuously over the range 0.25 to 1.50 Tw in increments
of less than 0.25 Tw. Temporary anchors shall be loaded to 1.25 Tw.

2. The extensions shall be measured relative to a fixed datum independent of the concrete work or surface against which
the anchor is stressed.
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3. Eachload increment shall be held for a minimum period of 1 minute with the exception of the proof load of 1.50 Tw which
shall be held for 15 minutes.

4. Evaluate additional extension over the 15 minute period in 1. above. This additional extension should be less than 5 %
of the total elastic extension at 1.50 Tw.

5. De-tension the anchor to 0.25 Tw in three equal decrements and record and plot the load/extension values for each step.

6. Calculate the apparent free length of the anchor from the load/extension curve using the manufacturer’s load/extension
curves allowing for the effects of bedding-in of anchor head and any other extraneous factors. The analysis should be
carried out over the range 0.25 Tw to 1.50 Tw. The apparent anchor free length shall be greater than 90 % of the designed
free length nor more than the intended free length plus 50 % of the designed fixed anchorage length. If the apparent free
length does not comply with these limits, the anchor shall be regarded as defective.

7. Repeat the first cycle of loading and unloading and record results as described in points 1 to 3 above.
8.  On completion of the second load cycle, reload in one operation and lock off at 1.10Tw utilising selected shims.

Carry out a lift-off test immediately after lock-off to establish initial residual load. If below 1.10 Tw, insert additional shims
to increase the anchor load to 1.10Tw.

9. Lift-off tests should be carried out at 1 and 3 days (and 10 days for test anchors) after initial tensioning. Zero-time is the
point at which the lift-off test, immediately after initial tensioning, reflects a residual load in the anchor of 1.10 Tw. The
loss of tension in the anchor shall be less than 0.06 Tw at 1 day, less than 0.07 Tw at 3 days and less than 0.08 Tw at
10 days.

If during any of these lift-off tests the loss of tension exceeds the amounts specified above, the anchor shall again be tensioned
as described in points 1 to 8 above and locked off at 1.10 Tw. The lift-off tests shall then be repeated at 1, 3 and 10 days as
previously described, after relocking the anchor at 1.10 Tw.

If after such re-tensioning to 1.10 Tw, a test anchor fails to comply with the maximum permissible losses in tension indicated
above, the anchor shall be regarded as defective. This anchor shall be condemned or de-rated or otherwise dealt with as
directed by the Engineer. If the losses in tension do not exceed the percentages specified above at 1 and 3 days (and 10 days
for test anchors) the anchors shall be considered acceptable.

After stressing, a check should be carried out to ensure that all of the cables are properly tensioned. This includes checking
for the following:

- Broken wires which lead to other wires slipping past the broken wire as tensioning continues, leaving the end of the broken
wire protruding beyond the ends of the other wires;

- Wedges inadequately seated as evidenced by non-uniform embedment; and
- Wedges not adequately gripping strands, evidenced by disparate lengths of strands.
- Any deficiencies shall immediately be brought to the Engineer’s attention.

g) Routine acceptance tests for working anchors

Each working anchor shall be subjected to routine acceptance testing and checking of the free length as described in points 1 to 10
above. The 10-day lift-off test shall, however, not be required. Provided the apparent free length complies with (d), the anchor shall be
deemed to be acceptable if at 24 hours after lock-off, the loss of load does not exceed 6 % Tw and at 3 days after lock-off the loss of
load does not exceed 7 % Tw. If at the 24-hour lift-off test or at the 3-day lift-off test the loss of prestress exceeds the allowable (6 %, 7 %
Tw respectively), the anchor shall again be locked off at 110 % and subjected to further tests at 24 hours and 3 days. If after either
the second 24 hour or 3 day re-test, the loss of prestress is still greater than the allowable, the anchor shall be regarded as a defective
anchor and the anchors shall be condemned or de-rated or otherwise dealt with as directed by the Engineer.

h) Protection

After the tensioning and testing have been completed and approved, the anchorages at the jacking end shall be filled with grease with particular
attention being paid to the annulus behind the anchor head. This shall be completely filled with the approved grease employing a suitable
pump, injecting the grease under pressure until it exudes between the wires of the individual strands. The anchor head shall then be thoroughly
coated with the grease before fitting and securing the partially grease filled permanent cover. Grease shall then be pumped through the lower
grease nipple until it exudes from the upper grease nipple hole.

The permanent covers shall then be cleaned and monitored for any loss of grease, externally or internally over the defects notification period.
Defective seals or gaskets shall be replaced and the covers refilled with grease all at the Contractor’s cost.

All anchor components shall be protected against damage or corrosion and shall be stored under cover until assembled / installation.
Assembled anchors shall be stored on trestles or similar approved installations and protected against ingress of water or other materials

All drilled holes shall be suitably sealed to prevent the ingress of water and foreign objects. Should the measures taken by the Contractor fail
in this regard the Engineer shall instruct the Contractor as to what measures shall be carried out to redress the situation. Holes lost due to the
Contractor’s negligence shall be re-drilled at his own cost. All other extra costs incurred thereby will be to the Contractor’s cost.

Installed but not yet tensioned anchors or not yet treated with rust inhibiting grease and permanent grease caps shall be suitably protected
from dust, water and other contaminants to the satisfaction of the Engineer. The works shall also be protected against vandalism by outsiders
until all the works have been completed and handed over.

A12.2.7.3 Soil nails, rockbolts
a) General
Soil nailing shall be further undertaken with special reference to BS EN 14490:2010.

Rockbolts or soil nails or mechanical earth anchors of varying length shall be placed at orientations on the excavation face or on other locations
to provide support requirements. Spacing may be random; patterned or inserted as spot bolts / nails. Bolt / nail length; spacing; diameter;
strength and protection against corrosion shall be as specified. The Engineer shall be accorded access to the bolting/ nailing position; to
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assess the stability of the cut face or natural slope. The Engineer shall indicate the number, sequence, precise location, length and orientation
of bolts required, and may increase or decrease the number as necessary.

Soil nails or rock bolts shall be installed immediately as part of the excavation cycle at intervals specified by the Engineer to ensure its
stability and to limit defamations as the excavations advances and be complete and approved before the ensuing excavation advance
may commence, unless otherwise instructed by the Engineer in writing.

b) Trials

The Contractor shall provide the Engineer with a method statement for the installation of test soil nails/ rockbolts. The Contractor shall
carry out comprehensive trials to the satisfaction of the Engineer at least four weeks prior to the commencement of any permanent rock
bolting / soil nailing. Rock bolt / soil nail pull out tests will also be undertaken on the test bolts/nails in accordance with specifications.
Changes as necessitated by the outcomes of these tests, shall be made to the method statement which shall be submitted to the Engineer
for approval four weeks before being allowed to proceed with production work. Trials which are unsuccessful and/or which in the opinion
of the Engineer do not meet the requirements of the specification will not be measured or paid for.

c) Inspection by the Engineer

The Contractor shall provide suitable plant, equipment and training, together with a competent operator to ensure safe and appropriate
access for the Engineer right up to any part of the site requiring stabilisation to undertake whatever, observations, measurements or
samples that may be required. No work which could pose a hazard to or disrupt these specialist inspections shall be undertaken by the
Contractor on or near the area under inspection for the full duration of the inspection.

Notwithstanding the Contractor’s previous finishing efforts, the Engineer will determine the final positions of rock bolts or soil nails required
as well identify all blocks or wedges of rock or boulders or any other protuberances which require removal or stabilisation. The Engineer
will confirm f the final number, location, length, and orientation of each rock bolt / soil nail within two working days of inspecting a works
zone.

d) Drilling
(i)  General

The drilling methods for the installation of nails or bolts may either be by rotary, percussive, rotary-percussive, augering or
vibratory methods, with or without using temporary casing and shall be chosen to ensure the minimum possible disturbance
to the surrounding ground and a stable hole which will facilitate the insertion and grouting of the soil nails or rock bolts to the
required tolerances and specification. Unless otherwise specified or instructed by the Engineer, the selection of method shall
be entirely at the Contractor’s risk. Should the selected method result in unstable holes or prevent efficient execution of work
which does not meet the requirements of these specifications, the Engineer may instruct the Contractor to stop work and the
Contractor shall adopt alternative drilling methods. No additional payment shall be made in this regard other than provided in
the pricing schedule. No standing time or extensions of time shall be granted.

The use of drilling fluid shall not adversely affect ground conditions. Special care shall be taken when drilling into artesian
ground water.

Work must immediately stop should conditions other than indicated in the Contract Documentation be encountered and the
Engineer informed. Works shall only proceed on instruction of the Engineer.

(ii)  Drilling requirements
Holes for rock bolts / soil nails shall be drilled to a diameter at least 25 mm greater than the nominal diameter of the bolt/ nail.
To avoid excessive deviation particular care is required when advancing the hole. The following tolerances are applicable:

- Diameter of hole: + 10 mm and — 5,0 mm,

- Position of hole: less than 75 mm from specified position,

- Alignment: less than 2,5 % of specified inclination,

- 50mm less than length of drill hole less than 250 mm of required hole length.

After each hole is drilled to its full length and flushed via compressed air and/or water to remove all loose materials, it shall be
probed to ensure collapse has not occurred and that it is clean over its full length. Thereafter the hole shall immediately be
plugged to prevent debris from entering.

Where a hole is lost or abandoned due to mechanical breakdowns, failures or any other causes arising from the Contractor’s
omission to protect the works, a new hole shall be drilled, entirely at the Contractor’s cost.

e) Bolt/ nail insertion

The bolts are to be fitted with centralisers or a spirally wound grout tube providing the specified cover less than 1,5 m spacing/pitch, homed
and grouted to the collar as specified. A minimum of two centralisers are required for bolts less than 2,0 m, with a centraliser 300 mm
from the proximal and distal ends. The bolt must protrude or be trimmed sufficiently for the application envisaged.

Mechanically end-anchored expansion shell rockbolts shall comprise a screwed end tapered cone with an internal thread and a pair of
wedges secured by a bail. The full assemblage is inserted into a pre-drilled hole, 100 mm longer than the bolt, to ensure the bail is not
dislodged when forced against the end of the pre-drilled hole.

Split-set bolts are inserted into pre-drilled holes of diameter less than bolt & to ensure frictional anchorage along its entire length via the
radial force generated through compression of the C-shaped tube.

Swellex dowels, folded during manufacture, are activated after insertion into a predrilled hole, by injection of high pressure (greater than
30MPa) water discharge.

Corrosion-resistant coatings are mandatory for both split-set and swellex rockbolts and dowels.
f)  Grouting

All rock bolts / soil nails shall be grouted to the collar of the hole, either by way of cement grout with or without additives or using cement
or resin cartridges as approved by the Engineer. The Contractor shall ensure that whatever method is used, the grout cover to the bolts
/ nails is continuous and completely fills the annulus between the bolts and rock or soil. Special precaution is required to inhibit bleed and
shrinkage of cement grouts. All cartridge grouts must be sufficiently mixed to ensure required homogeneity.
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If for any reason, grouting is interrupted and/or the installation of the bolts is delayed, the bolt shall be removed timeously from the hole
before hardening. The grout shall then be removed by flushing or re-drilling and the bolt re-installed.

Grout shall be injected at the distal end of the hole, through appropriate tubes. Injection shall be continuous until flow occurs from the collar.
g) Rockbolt head protection and camouflage

After rock bolts / soil nails are installed successfully, grouted, tensioned where required, and approved by the Engineer, the bolt head shall
be trimmed as specified. The exposed face plate and protruding end of the bolt shall be camouflaged to blend with the surrounding area
and protected via a suitably pigmented patch of shotcrete, or hand-packed mortar with minimum of 150 mm greater than plate dimensions
and cover greater than 50 mm or by a corrosion-inhibiting suitably-pigmented paint, equipped with an Engineer-specified (non-spot
welded) suitable anti-theft mechanism.

h) Tensioning

Tensioning of rock bolts shall be carried out by experienced personnel. Tensioning to less than 0.57T; shall be either by manual or
pneumatic torque wrench or jacks as specified.

A12.2.7.4 Mechanical driven tipping anchors (MDTA)

a) General

Mechanical driven tipping anchors (MDTA’s) shall be driven into the soil using hand held hammers or appropriate mechanised methods,
depending on anchor capacity and soil condition. Once inserted to design depth, the anchor shall be tipped and tensioned to attain its
working load. Smaller anchors are hand-tensioned but larger anchors require load locking to both seat the anchor tip and ensure tensioning
to the design load. In all cases care shall be taken not to remove the drive steel from the anchor during the adding of coupled extensions,
drive steel and steel anchor rods, since this may cause the anchor to rotate into its locked position and possibly inhibit further advance
and circumvent later removal of the anchor to a new position.

b) Installation

Pre-drilled holes are required for installation in dense to very dense soils or highly/ completely weathered rock. Weathered rock requires
a larger pre-drilled hole than dense soils since the anchor tends to slide in harder incompressible rock material.

Removal of the drive steel shall generally be accomplished by hand, hammer vibration or use of a load locker.

A12.2.7.5 Mechanical screw anchors

Screw anchors shall be rotated into the soil using manual methods or by mechanical shaft rotation equipment for higher capacity
applications. Length and depth of installation shall be specified and tested as required by the Engineer following field trials.

A12.2.8 WORKMANSHIP
A12.2.8.1 Cable anchors

a) Cementitious grout

Immediately after mixing, and also during injection, the fluidity of the grout shall be tested at regular intervals in accordance with Clause
A20.1.5.6b)(iv) of Chapter 20. Viscosity tests may also be specified in the Contract Documentation.

During the course of grouting, 100 mm cubes shall be made, cured and tested in accordance with SANS 3001-CO11.

Six cubes per batch of anchorage grout shall be made, of which two shall be tested at 3 days, two at 7 days and two at 28 days. The
testing shall be carried out by an approved, SANAS accredited laboratory. The compressive strength of 100 mm cubes made of the grout
and cured in a moist atmosphere for the first 24 hours and thereafter in water at 20°C shall exceed 30 MPa at 7 days and 40 MPa at 28
days. The test results shall be reported within two days of the test date.

The fluidity and consistency of each grout batch mixed shall also be measured with a flow cone and, if specified, with a viscometer in
accordance with Clause A20.1.5.6b)(iv) of Chapter 20.

Grouting shall only be undertaken when the ambient air temperature is greater than 5°C.
b) Concrete

All concrete for structural work associated with ground anchors and which is not covered elsewhere in the project documents shall comply with
the provisions of relevant Clauses of Chapter 13.

The Contractor shall bear the cost of all acceptance tests specified in the contract or prescribed by the Engineer and which are not listed
in the pricing schedule.

The results of tests on the grout and concrete tests shall be assessed according to Clause A20.1.7.5b) (ii) (Judgement Plan B) of Chapter
20.

c) Records
(i)  Daily records
Daily records shall be kept in respect of each of the following phases of anchor construction:
- Drilling
- Anchor installation

- Anchor tensioning
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(i) Project records

e  The project records to be prepared by the Contractor and submitted to the Engineer on completion of the anchoring shall
include, as a minimum, the following:
e  Project details

e  Anchoring details (numbers, positions, types, orientation, protection)
. per anchor, the following (as applicable):
o Anchor Number Anchor details (type, free length, fixed length, no of strands, design load)
o  Date drilled
o Date installed
o  Date grouted
o  High pressure grouting details (dates, pressures, grout takes)
o  Date tensioned, working load (Tw), proof load (1.5 Tw or 1.25 Tw) and lock-off load (1.1 Tw)
o  Grout Test Data
The format shall be approved by the Engineer.

A12.2.8.2 Rockbolts, soil nails

a) Tests on cement grouts----as for cable anchors

The provisions in Clause A12.2.8.1a) for Cable Anchors shall apply where cement grouts are to be utilised.

The fluidity of the grout shall at all times be measured with a CSRA flow cone or similar approved and calibrated as specified.
b) Rock bolts / soil nails

The Contractor shall carry out process control testing to demonstrate that the rock bolts / soil nails are able to withstand the specified
working loads. For this purpose the Contractor shall provide connectors to the protruding rock bolts / soil nails in order to execute this
work. 10 % of bolts / nails, up to a maximum of 30, shall be tested. If excessive percentages of failure occur the number of bolts to be
tested may be increased at the discretion of the Engineer.

The bolts/ nails shall be tested in accordance with prEN 22477-6, Methods A and B. Testing shall only be done until the grout and/or
shotcrete facing have cured for at least 72 hours and have obtained the specified 3-day compressive strength.

The rock bolts / soil nails shall be tested to 115 % of the required working load no sooner than 3 (three) days after grouting has been
completed. The tests will be undertaken with a suitably light hydraulic jack fitted with three pressure gauges which can be read to an
accuracy of 1kN. Deflections of the bolt head are to be measured with a dial gauge to an accuracy of 0,1 mm. The jack and dial gauge
will be required to be calibrated by an accredited laboratory approved by the Engineer at the commencement of the project, and whenever
this may be required again. The certificate of calibration must be submitted to the Engineer for his approval. All rock bolt pull out tests
shall be undertaken in the presence and to the requirements of Engineer.

Should a rock bolt fail a test, the Engineer will instruct the Contractor to either remove; re-drill, and install the defective bolt, or if this is not
possible, to re-drill and install a new bolt at the position and orientation directed by the Engineer. This additional work will be undertaken
at the Contractor’s cost. Payment for bolts which have been measured and subsequently found to be defective will be subtracted from
the following payment certificate. The bolt will be tested again once it has been re-installed or replaced. Once the Contractor has
demonstrated that the bolt can withstand 115 % of the required working load it will be re-measured for payment.

In the case of mechanical driven tipping anchors and mechanical screw earth anchors, the products are very varied. Quality and
workmanship shall be controlled as per the manufacturer's design and installation specifications or to specification as instructed by the
Engineer in the Contract Documentation

The cost of all such tests shall form part of the Contractor’s normal process control and shall be deemed to be included in the tendered
rates and shall not be paid for separately.

c) Records

During the drilling operations, all changes in penetration rate and changes in ground type shall be recorded together with notes on water
levels encountered, drilling rates, flushing losses or gains, and stoppages. The Contractor shall, notwithstanding the above, notify the
Engineer immediately of any ground conditions contrary to that recorded on the drawings are encountered. The Contractor shall further
record the date and times during which each hole is drilled and the subsequent date on which the bolts are grouted and installed. Before
work commences the Contractor shall submit a suitable pro forma of the proposed daily record. Once approved by the Engineer, the
Contractor shall submit these records to the resident Engineer on a daily basis for approval and measurement purposes.

A12.2.8.3 Performance monitoring
a) Cable anchors
(i)  Long term monitoring

Monitoring to determine creep and other losses for permanent anchors shall be carried out by means of lift-off tests between
9 and 12 months after construction thereof (i.e. within the defects notification period).

If the residual force in the tendon during monitoring is below 0.92Tw, the Engineer will decide whether to proof load again to
1.5Tw and lock off at 1.1Tw, followed by 24 hour, 3 day and 10 day tests, or whether to conduct further lift-off tests at shorter
intervals.
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(i)  Defective ground anchors

Anchors unable to retain a load of 0.92Tw shall be considered defective. These ground anchors shall be corrected by one of
the following methods approved by the Engineer:

Abandoning the ground anchor and replacing with a new ground anchor,
Post-grouting and retesting the ground anchor,

Revisiting the design by the Engineer to establish what additional measures may be required to ensure the long-term
performance of the anchored structure.

If the loss of tension is attributable to deficiencies in the Contractor’'s work, the above remedies shall be at his cost.

Where additional works are instructed by the Engineer that is not due to Contractor deficiencies, these shall be paid at
tendered rates, except for the re-establishment which shall be paid for separately.
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B12.2 GROUND ANCHORS

PART B: LABOUR ENHANCEMENT

CONTENTS
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SCOPE

The provisions of Part A shall apply.

B12.2.2
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The provisions of Part A shall apply.

B12.2.3

GENERAL

The provisions of Part A shall apply.

B12.2.4
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The provisions of Part A shall apply.
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The provisions of Part A shall apply.
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The provisions of Part A shall apply.

B12.2.7
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The provisions of Part A shall apply.
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WORKMANSHIP

The provisions of Part A shall apply.
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C12.2 GROUND ANCHORS

PART C: MEASUREMENT AND PAYMENT

(i) Preamble

The tendered rate for each pay item shall include full compensation for providing, operating, maintaining and decommissioning upon
completion, of all the construction equipment, labour, tools, incidentals and supervision to carry out the activity or construct the works in
the pay item as specified, unless otherwise stated.

Any prime cost or provisional sums shall be paid in accordance with the provisions of the conditions of contract. The charge or mark-up
tendered or allowed for is a percentage of the amount actually paid under the prime cost or provisional sum. This percentage shall
cover all the Contractor’'s handling, supervision, profit and liability costs to provide the services in the prime cost or provisional sum item.

The requirements of Clauses C1.1.1, C1.1.2 and C1.1.3 of Chapter 1 shall apply.

Where pay item descriptions include any wording in brackets it is an indication that contract specific information is to be inserted in the
Pricing Schedule included in the Contract Documentation.

(ii) Notes on measurement and pay Items

1. Unless otherwise ordered or stated in the Contract Documentation, trench depths will be measured from the surface of the ground along
the centre-line of the trench to the bottom of the specified bedding layer (as applicable). Where no bedding is required it shall be
measured to the underside of the duct or pipe.

2. The ground surface will be that existing after any bulk earthworks have been carried out, i.e. the excavated surface or embankment
surface, unless a different sequence of execution has been ordered.

3. Excavations will be measured as if taken out with vertical sides, regardless of whether they have been taken out with sloping sides.

4.  The length used for trench computations will be the total through-length of a pipe or duct etc. from end to end and no deduction will be
made for manholes or access chambers etc.

5. Wherever volumetric measurement is required, the volume will be computed from the depth determined as indicated in 1. and 2. above
and using the authorised width (W) determined in accordance with the specification.

6. Where shoring is specified or ordered, the length of shoring measured for payment will be the length of the centre-line of the trench.

(iii) Items that will not be measured separately

The following activities, whether required to complete the specified work or not, will not be measured and paid for separately and the
Contractor shall include the cost thereof in other pay items as the Contractor deems appropriate:

1. No separate payment will be made for backfilling excess excavations, disposing of surplus material etc. or any other contingent work,
unless the work is specifically specified or ordered.

2. No separate payment will be made for setting out the works.

3. No separate payment will be made for the protection or repair as required of any existing or new road furniture, structures, buildings,
infrastructure or services damaged by the Contractor’s activities and for complying with all the requirements of Clause A2.1.3.4.

4. No additional payment shall be made, nor shall any claim for additional payment be considered, for any specified work in confined or
restricted areas. Any additional costs associated with working in confined or restricted areas shall be deemed to be included in the
standard applicable pay items.

5.  No separate payment will be made for the loading of any materials.

6. No separate payment will be made for the hauling of any materials where the material is moved over a distance of less than, and up to,
1,0 km.

7.  No separate payment will be made for transporting materials from commercial sources irrespective of the haul distance.

8. No separate payment will be made for the removal of any surplus material imported to complete the works.

(iv) Items to be measured and paid for using items specified elsewhere in the specifications
None

(v) Items specifically for this section of the specification

Item Description Unit

C12.2.1 Establishment on site for anchoring lump sum

The unit of measurement shall be a lump sum.

The tendered lump sum for anchoring shall include full compensation for establishing all necessary plant and equipment on site to carry
out the works, preparing the work area for drilling, grouting and subsequent anchoring, and for removal from site of all such plant and
equipment including all temporary works such as access roads, staging, platforms and such like on completion of the works.

The work shall be paid as a lump sum, 50 % of which shall be due when all equipment is on site, trials (if any) are completed and the first
production anchor is installed to the satisfaction of the Engineer. The second instalment of 25 % shall be payable after half the number of
positions are anchored and the final 25 % instalment after all anchoring is complete, tested, accepted and equipment removed from site.

The tendered lump sum shall include full compensation for all post-construction requirements as specified.

No extra payment shall be made for establishment of additional plant should the established plant not be capable of achieving desired
objectives.

Item Description Unit

C12.2.2 Re-establishment on site for additional work (Type indicated) lump sum

The unit of measurement shall be a lump sum.
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The tendered lump sum for anchoring shall include full compensation for re-establishing all necessary plant and equipment on site to carry
out additional works as instructed by the Engineer and shall include all aspects detailed in Clause A12.2.8.3a) (ii) above.

Item Description Unit

C12.2.3 Provision of access to anchor positions lump sum

The unit of measurement shall be the provision of access to the anchor positions as specified in the Contract Documentation.

The tendered rate shall include for all labour, plant and equipment required to provide access to the anchor positions as specified.

Item Description Unit

C12.2.4 Moving to, and setting up the equipment for drilling the holes at each position number (No)

The unit of measurement shall be the number of positions to which the drilling equipment has to be moved and set up in position to drill
an anchor hole. The quantity measured shall be the number of set ups at anchor positions as well as at site suitability /trial anchor
positions or at positions where the Engineer has ordered re-drilling of the holes.

The tendered rate shall include full compensation for all costs involved in moving and setting up any equipment.

Item Description Unit
C12.2.5 Drill holes with a diameter of (diameter indicated) to the specified depths and
S metre (m)
inclinations

The unit of measurement shall be the metre of hole, including the depth of the bulbous base formed, as may be applicable. The depth of
the bulbous base shall be deemed to be equal to the diameter of a sphere, the volume of which shall be equal to the quantity of compacted
concrete in the bulbous base.

The tendered rate for forming augered holes shall include full compensation for augering and disposing of surplus material resulting from
the hole having been formed.

The tendered rate for forming bored holes shall include full compensation for boring, supplying, installing and extracting the driven
temporary casing as well as for disposing of surplus material resulting from the hole having been formed.

Item Description Unit

C12.2.6 Installation of permanent casing (size and length indicated) metre (m)

The unit of measurement shall be the metre of permanent casing installed.

The tendered rate for installing permanent casing shall include full compensation for the supply and installation of permanent steel casings,
complete with casing shoes and ringbits, including all welding, plant, labour and overhead costs in the indicated lengths.

Item Description Unit

C12.2.7 Water tests number (No)

The unit of measurement shall be the number of holes tested.

The tendered rate shall include full compensation for installing and the subsequent dismantling and removal of the testing equipment,
conducting the test and processing and submitting the results.

Item Description Unit

C12.2.8 Grouting and re-drilling the holes metre (m)

The unit of measurement shall be the metre of hole grouted and re-drilled.

The tendered rate shall include full compensation for all grouting materials and equipment, the grouting operation, re-setting up drilling
equipment, the re-drilling operation, flushing and cleaning the hole to provide a watertight hole.

Item Description Unit

C12.2.9 Cable anchor tendons:

meganewton-metre

C12.2.9.1  Free anchor length (MN-m)

meganewton-metre

C12.2.9.2 Fixed anchor length (MN-m)

The unit of measurement shall be the meganewton-metre which is calculated as the product of the characteristic strength (in megapascals)
of the prestressing steel, the cross-sectional area of the tendon (in square metres) and the length of the tendon (in metres) between the outer
faces of the anchorages. In the case of fan and loop anchorages the "length of the tendon" shall include the length of tendon forming the loop
or fan.

The tendered rates shall include full compensation for preparing and submitting the drawings, supplying, storing, handling and protecting all
materials (excluding anchorages and couplers at the jacking end), fabricating, supporting and installing the cables, lubricating, permanently
protecting and bonding the tendons, for the using of all the equipment, as well as for all work and incidentals required for completing the work
as specified.
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Item Description Unit

C12.2.10 Anchorages and couplers:
C12.2.10.1 anchorage at jacking end meganewton (MN)
C12.2.10.2 Coupler at jacking end meganewton (MN)

The unit of measurement shall be the meganewton which is calculated as the product of the characteristic strength in megapascals of the pre-
stressing steel and the cross-sectional area of the tendon in square metres, effectively anchored or coupled.

The tendered rates shall include full compensation for supplying, storing, handling, fabricating and protecting the complete anchorage or
coupler assembly, anchorage reinforcing, constructing the recesses for the anchorage or coupler, tensioning of the tendons, anchoring and/or
coupling, trimming the tendon ends, using all the equipment, as well as for all work and incidentals required for completing the work as
specified. It shall also include full compensation for testing the tendons to the specified test force in accordance with the prescribed methods.

The coupler shall include the complete assembly consisting of the anchorage built into the first-stage construction and the part coupled to it.

Item Description Unit
C12.2.11 Encasing the anchorages at the jacking end number (No)
in concrete

The unit of measurement shall be the number of anchorages encased.

The tendered rate shall include full compensation for all materials, equipment, plant and labour required for protecting the anchorages at
the jacking end with approved grease filled permanent covers as specified and detailed on the drawings.

Item Description Unit
C12.2.12 Performance monitoring of anchors
C12.2.12.1  Establishment of lift-off testing team and equipment lump sum
C12.2.12.2  Lift-off tests number (No)

The tendered lump sum shall include full compensation for establishment on site and subsequent removal of all the plant, equipment and
incidentals required for monitoring by means of lift — off tests and the re-tensioning of the anchors.

This work will be paid for as a lump sum, of which 75 % will become payable when all equipment is on site and the first anchor has been
monitored and the remaining 25 % will become payable after all anchors have been monitored and re-tensioned where required and the
equipment has been removed from site.

The unit of measurement for the lift-off tests shall be the number of anchors monitored or re-tensioned.

The tendered rate shall include for the supply and installation of all testing equipment, material, incidentals (including transport and
accommodation) as well as competent experienced personnel for the testing of the anchors as specified and for the preparation and
submission of tensioning records. The tendered lump sum shall also include for the removal and replacement of the grease cap, the
refilling of the crease cap with similar approved grease and ensuring a leak proof seal thereto. rockbolts, dowels, soil nails

Item Description Unit

C12.2.13 Establishment on the site for drilling of rockbolts, dowels, soil nails or mechanical lump sum
anchors (type indicated)

The tendered lump sum shall include full compensation for generally levelling the drilling site to the required post construction levels
(where applicable), establishing on site with and subsequent removal of all structural platforms, rafts and all special plant and equipment
for drilling and for carrying out operations, the cost of which does not vary with the actual amount of drilling done.

No additional payment will be made for the establishment of other or supplementary plant and ancillary equipment should that initially
established by the Contractor be incapable of penetrating the subsurface soil or rock formations, or achieving the desired hole formation
without undue disturbance of the surrounding material, or achieving the required production rate.

This work will be paid by lump sum: 50% payable when all equipment for the works is on site and the first hole has been drilled. The next
25% of the lump sum will be payable after half the total number of holes have been drilled, and the final 25% after all the holes have been
drilled and the equipment has been removed from the site.

Item Description Unit

C12.2.14 Move to and set up at each rockbolt, dowel, soil nail or mechanical anchor position number (No)
The unit of measurement shall be the number of set ups as instructed and approved by the Engineer.
Item Description Unit

number (No)
C12.2.15 Install, grout and protect soil nails or rock bolts (lengths indicated)

The unit of measurement shall be the number of rock bolts / soil nails installed as specified and as approved by the Engineer.

The tendered rate shall include full compensation for drilling, cleaning drill holes, procuring, corrosion protection, installing and seating
rock bolts with all ancillary face plates, washers and nuts, grouting, protection of bolt ends and face plates, testing bolts as required, all
labour, materials and all other incidentals required to complete the work in accordance with the Contract Documentation and the Engineer’s
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instructions. All pull out test requirements and costs are deemed to have been included in this payment item and no extra payment will be
made in this regard.

Item Description Unit

C12.2.16 Extra over for tensioning soil nails or rockbolts number (No)

The unit of measurement shall be the number of rock bolts / soil nails tensioned in accordance with the Engineer’s instruction.

The tendered rate shall include full compensation for labour, plant, equipment, materials and all other incidentals required to complete the
work in accordance with the Contract Documentation and as instructed by the Engineer.

Item Description Unit

C12.2.17 Apply rock bolt protection and camouflage number (No)

The unit of measurement shall be the number of rock bolt heads protected and / or camouflaged as instructed and approved by the
Engineer.

The tendered rate shall include full compensation for the supply of all materials and work required to apply the protection and / or
camouflage layer.

Item Description Unit

C12.2.18 Move to and set up at each mechanical driven tipping anchor/ mechanical screw anchor number (No)
position (type indicated)

The unit of measurement shall be the number of set ups as instructed and approved by the Engineer.

The tendered rate shall include full compensation for access to the work face or position, dismantling, moving, erecting and commissioning
all plant, equipment and instruments required at anchoring location. The rate shall also include for undertaking the specified process
control testing and providing the Engineer with access to the work face. This item shall be paid for only after the entire anchoring operation
has been completed and approved by the Engineer.

Item Description Unit

C12.2.19 Install mechanically driven tipping anchors / mechanical screw anchors (type and

lengths indicated) number (No)

The unit of measurement shall be the number of mechanical driven tipping plate soil anchors / installed to depths as instructed and
approved by the Engineer.

The tendered rate shall include full compensation for procurement of materials, corrosion protection, installation, and seating of anchors,
load locking, tensioning to the design working load and testing, as may be applicable. Installation shall include all ancillary face plates,
washers and nuts, protection of anchor ends and face plates, testing anchors as required, all labour, materials and all other incidentals
required to complete the work in accordance with the Contract Documentation and Engineer’s instructions. All pull out test requirements
and costs are deemed to have been included in this payment item and shall not be paid for separately.
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D12.2 GROUND ANCHORS
PART D: GUARANTEES AND COMPLIANCE CERTIFICATES

CONTENTS

B12.21 SCOPE

B12.2.2 DEFINITIONS

B12.2.3 GENERAL

B12.24 DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS
B12.2.5 MATERIALS

B12.2.6 CONSTRUCTION EQUIPMENT

B12.2.7 EXECUTION OF THE WORKS

B12.2.8 WORKMANSHIP

D12.2.1 SCOPE

The scope of this section covers the following:
Guarantees and compliance certificates
- Product conformance specifications

D12.2.2 GENERAL

The Contractor shall provide detailed specifications, test data, performance data and compliance certificates from independent reputable
agencies for all proprietary systems, processes and materials proposed for use. These shall demonstrate conformance with the
performance requirements specified in the Contract Documentation.

Unless otherwise specified, all proprietary materials shall be used and placed in strict accordance with the relevant manufacturer's current
published instructions

D12.2.3 PERFORMANCE GUARANTEE REQUIREMENTS

The Contractor shall, within 28 days of entering into the contract with the Employer, submit to the Engineer conformance documentation
related to the specifications.
Conformance documentation shall be provided for the following:
- Materials and Materials Design as per Clause A12.2.3.2
Materials as per Clause A12.2.5,
Construction Equipment as per Clause A12.2.6

- Execution of the Works as per A12.2.7.
Performance specifications shall be provided for the following:
Prestressing system:

(a) Proven track record;
(b) Compliance with an internationally recognized standard such as EN 13391.

D12.2.4 FUNCTIONAL PERFORMANCE ASSESSMENTS

No specific items in this Section.

D12.2.5 VISUALLY ASSESSED PROPERTIES

No specific items in this Section.

D12.2.6 INSTRUMENTALLY ASSESSED PROPERTIES

No specific items in this Section.

D12.2.7 EVALUATION FOR ACCEPTANCE

No specific items in this Section.

D12.2.8 ADDITIONAL PROCEDURES TO BE ADOPTED IN THE EVENT OF FAILURE

No specific items in this Section.

D12.2.9 NOTIFICATION OF REMEDIAL WORK

No specific items in this Section.

D12.2.10 REMEDIAL WORKS

No specific items in this Section.
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A12.3 GROUND IMPROVEMENT

CONTENTS

PART A: SPECIFICATIONS

A12.3.1 SCOPE

A12.3.2 DEFINITIONS

A12.3.3 GENERAL

A12.3.4 DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS
A123.5 MATERIALS

A12.3.6 CONSTRUCTION EQUIPMENT

A123.7 EXECUTION OF THE WORKS

A12.3.8 WORKMANSHIP

PART B: LABOUR ENHANCEMENT
PART C: MEASUREMENT AND PAYMENT
PART D: GUARANTEES AND COMPLIANCE CERTIFICATES

PART A: SPECIFICATIONS
A12.3.1 SCOPE

This Section covers design and ground improvement via Geotechnical Grouting, Jet Grouting, Compaction Grouting, Dynamic
Compaction, Rapid Impact Compaction, Vibration Compaction/Vibroflotation, Underpinning, Preload Monitoring and Basal reinforcement

A12.3.2 DEFINITIONS

Grout - is a cementitious, pumpable material injected into sail or rock, filling voids, stiffening, setting and effectively bonding with adjacent
materials.

Geotechnical Grouting - includes:

- Contact grouting - Contact grouting is the injection of grout under pressure into the interface between man-made structures and
soil/rock.

- Fissure Grouting - Fissure grouting is injection of grout under pressure into fissures, joints, fractures and discontinuities, in rock.

- Gravity Grouting - Gravity grouting is grouting carried out with no applied pressure, sometimes referred to as tremie-grouting.

- Permeation Grouting - Permeation grouting is the replacement of interstitial water or air in a porous medium with grout at injection
pressures sufficiently low to prevent displacement.

- Jet Grouting - Jet grouting is a ground improvement technique whereby in situ materials are mixed with cementitious grout by eroding
the in situ material with a high velocity cementitious grout slurry, with or without compressed air/water, through an injection monitor
attached to the drill string to generate a mixture of soil and cement (soilcrete).

Single Jet Grouting - is the jet grouting technique where a single fluid, typically neat cementitious grout, is used.
Double Jet Grouting - is the jet grouting technique where one fluid, typically neat cement grout, is injected at high velocity assisted by air.

Triple Jet Grouting - is the jet grouting technique where one fluid, typically water, is injected at high velocity through horizontal radial nozzle(s)
and is assisted by a second “fluid” , typically air delivered through a coaxial nozzle(s), to erode the in-situ soil, while a separate nozzle placed
lower on the monitor delivers a third fluid, typically neat cement grout, at lower velocity to simultaneously fill the soil zone eroded by the cutting
fluids (air and water).

Jet Grouted Soilcrete Columns - are formed by simultaneously rotating and lifting the monitor at predetermined rates, while injecting
cementitious grout slurry (and air/water) creating a soilcrete mix with the eroded materials to form columns.

Monitor - the monitor transmits jet grouting fluids to the injection point/s, at high velocities. The monitor is attached to the bottom of the drill
string.

Jet Grouting Drill String - are multi-conduit drilling rods for the separate conveyance of jet grouting fluid(s) to the monitor and drill bit.

Drill Bit - is an attachment at the bottom of the drill string to form a pilot hole for the required jet grouted column. These may be claw or drag
bits or any other bits that can produce the desired hole without unduly disturbing the surrounding materials.

Soil Return - includes all surplus materials exuded from the cavity/ hole during the jet grouting process and typically includes liquids, soil and
soil cement slurries as well as solids from the in-situ materials.

Grout Hydrometer - is an instrument used to measure the specific gravity (or relative density) of cementitious grouts and drilling fluids.
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Drilling Aid - is a material mixed with drilling water to aid the drilling process and particularly the flushing of drill cuttings from the hole. Cement
is typically used.

Mushroom Heads - are widened upper portions of soilcrete columns.
Compaction Grouting - is a high-pressure, stiff mortar grouting technique that displaces and compacts low density soils.
Dynamic Compaction - is a technique whereby low-density in situ soils are improved by repeated dropping a large weight from great height.

Dynamic Replacement - is a technique whereby in situ soft/loose soils are displaced by stone columns driven into the soils by dynamic
compaction.

Rapid Impact Compaction - is a technique whereby in situ soils are compacted by dropping a large weight from a low height at rapid
frequency.

Vibro-compaction - is a technique whereby soils are compacted by vibrating immersion probes with or without the addition of stone. Also
known as vibro-flotation or vibration compaction.

Underpinning - is a technique whereby an existing structure is supported post construction.

Preloading - is the controlled early construction of road embankments to facilitate consolidation and construction processes over compressible
substrata.

Preload monitoring - is the monitoring of early construction of road embankments for stability and settlement
Basal reinforcement - at the base of a fill embankment to either ensure stability of the slope or alternatively to bridge local soft areas or voids.
Geosynthetic - collective term for geogrids, geotextiles and geocells.

Geogrid - polymeric, planar structure consisting of an open network of connected tensile elements used in geotechnical and civil Engineering
applications.

Geotextile - permeable, polymeric material, which may be woven, non-woven or knitted, used in geotechnical and civil Engineering
applications.

Geocells - cell like structure filled with soils or gravels.

Separation layers - are placed below basal reinforcement to limit penetration into the soft, low quality substrata under the kneading action of
tyres of construction traffic. These separation layers generally involve the use of selected geosynthetics and/or geogrids

A12.3.3 GENERAL
A12.3.3.1 Method Statements

Where so indicated by the Engineer the Contractor shall prepare detailed method statements for each facet of the work describing key
aspects such as construction methodology, key plant, materials, personnel as well as any programme constraints of the envisaged
construction process.

These method statements shall be prepared and submitted to the Engineer for approval prior to commencement of that activity, within time
scales specified. The onus lies with the Contractor to ensure that the information is obtained and that associated activities are completed
expeditiously to avoid any delays in the commencement, continuation and completion of the required works. Unless otherwise specified
or provided for in the Contract Documentation no permanent works shall be commenced until the Engineer’s approval of the relevant
method statement. The Contractor shall, however, remain responsible for all work-methods, materials, plant and equipment used,
notwithstanding acceptance by the Engineer.

Trials, if applicable, shall be conducted and based on outcomes thereof, may require that changes be made to the relevant method
statements.

Due allowance shall therefore be made in his programme. Allowance shall also be made for allow for the Engineer’s assessment of the
trials, procedures followed, and materials and plant utilised and of the test data. Production work shall not be permitted until it is shown
and accepted by the Engineer that the Contractor possesses the necessary experience, plant and equipment to carry out the works as
specified in the Contract Documentation.

It should be noted that work shall only be performed by personnel listed by the Contractor. If personnel changes need to be made during
the project, works shall be suspended until replacement personnel are approved by the Engineer. Time lost due to incomplete
submissions, unacceptable submissions, or obtaining approval of replacement personnel will not be considered as cause for extension of
time or delay claims. All costs associated with incomplete, replacement, or unacceptable submissions shall be to the Contractor’s cost.

Once approved in writing by the Engineer, these shall become the method statements in accordance whereby the relevant portion of the
works shall henceforth be executed. Notwithstanding, the Engineer may require revision from time to time if circumstances during
construction arise which warrants change.

A12.3.3.2 Materials and materials design

All materials used in the works described hereunder shall meet the appropriate standards given below and/or specified in the Contract
Documentation and shall be subject to the approval of the Engineer. The contractor shall submit product certificates, conformance
documentation related to the specifications, test results as required together with samples of materials and where applicable, materials
designs that he proposes to use in the construction of the works to the Engineer for his acceptance/approval as provided for in the contract
documentation.

Due allowance shall be made for obtaining materials, resubmissions and re-designs, all to the required/approved standards, methods and
practices in attending to these requirements. Particular attention shall be paid to the early submission of materials-, concrete- and grout
mix designs where parameters at various ages may be specified. No consideration for extension of the contract period will be entertained
for delays incurred in meeting these requirements.
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The Contractor’s attention is drawn to the approvals required as indicated in Table A12.2.8.3-1 below regarding works carried out under
this section of the works:

Table A12.3.3-1: Required Approvals

Clause Requirements* Period

Materials Design Approvals

Grout mix designs for Geotechnical grouting, Jet grouting 6 weeks before programmed

A12.34 ) ) use in permanent works
and/or Compaction grouting

Materials Approvals (MA)

MA for Geotechnical Grouting, Jet Grouting, Compaction 2 weeks before programmed

A12.3.6 Grouting, Dynamic/Replacement Compaction, Rapid Impact use in permanent works
e Compaction, Vibration Compaction/Vibroflotation, Underpinning,
Preloading and Basal reinforcement
Construction Method Statements (CMS)

CMS for Geotechnical Grouting, Jet Grouting, Compaction 6 weeks‘ before programmed

Grouting, Dynamic/Replacement Compaction, Rapid Impact construction =~ of permanent
A12.3.7 ; ; works and after the Engineer’s

Compaction, Vibration Compaction/Vibroflotation, Underpinning,

Preloading and Basal reinforcement approval ~of designs and

construction materials

A12.3.3.3 Geotechnical grouting

Geotechnical grouting is the process in which the remote placement of a cementitious, pumpable material in the ground or rock is indirectly
controlled by adjusting its rheological characteristics (constituents, mix proportions, strength, physical properties, etc.) and by the
manipulation of the placement parameters (pressures, volume and flow, rate) all to achieve the requisite engineering performance.

There two broad methods covered in these specifications are:

- Displacement grouting (jet grouting and compaction grouting)

- Non-displacement grouting (fissure grouting, contact grouting, gravity grouting, permeation grouting, penetration grouting and curtain
grouting).

Contact grouting is done to fill the cavities/voids between concrete and rock mass on account of shrinkage of concrete and uneven over

breaks. Consolidation grouting is done to strengthen the surrounding rock mass by filling up the open joints, fissures, cracks etc.

Curtain grouting involves the construction of a narrow excavation and filling it with concrete or by the creation of a thin grout curtain by

pressure grouting holes at closely spaced intervals, each grout pillar intersecting the adjacent grout pillar.

A12.3.3.4 Jet grouting

Jet grouting is the process whereby in situ materials are eroded by high velocity grouts and mixed therewith to form soilcrete columns.
These specifications cover the construction of soilcrete columns for ground improvement purposes to meet the project objectives described
in the Contract Documentation. The works are of a highly specialised nature and shall only be carried out by Contractors who have the
necessary experience, expertise and plant and equipment to carry out the works as specified below.

Generally the process of constructing soilcrete columns comprises the drilling of a hole through the material to be treated to the required
depth, the erosion of the surrounding material by high velocity jetting with cementitious grout (possibly using air and also water to facilitate
the process) and the simultaneous rotation and withdrawal of the drill string to form the soilcrete columns. Surplus materials need to be
continuously removed from the platform. The plant and equipment required need to be matched to meet the demands during execution to
meet the continuity requirements of this technique. Positioning, resourcing and good maintenance are similarly essential in achieving the
desired product.

The Contractor shall construct trial columns as specified herein and shall allow for the Engineer’s assessment of these columns. Further
objectives are the determination of the rotation and withdrawal rates of the monitor required to achieve the specified minimum diameter
of the columns. Exposure of the completed trial columns after the specified curing period to ascertain whether the soilcrete columns meet
the specified requirements regarding diameter and uniformity shall generally be required as well as the execution of tests and
measurements for quality assessment purposes.

The commencement of the production columns may only commence when the Engineer has given his written acceptance of the designs
for which the Contractor is responsible in terms of the Contract Documentation, the Contractor's method statements, approval of plant
and equipment, spoil disposal arrangements and the Contractor’s successful installation and testing of the trial column.

A12.3.3.5 Compaction grouting

Compaction grouting is the in-situ soil compaction process whereby the density or bearing capacity of soils are improved by the injection
of a thick cementitious grout under pressure. The technique is frequently employed to address settlement under existing foundations and
for the ground improvement for new structures and embankments.

The injected grout forms an enlarged bulb or series of bulbs while displacing the soils thereby increasing its density. Generally, the aim is
to form columns of grout bulbs from the surface or just below an existing foundation to such depth that competent materials /conditions
are encountered.

The grout is pumped through driven or drilled in grout pipes and the compaction grouting can be performed from the top down (downstage
grouting) or from the bottom up (upstage grouting). With downstage grouting the uppermost bulb is formed first and after initial set has
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taken place the grout pipe is drilled through the bulb to a lower stage where the next bulb is created. With upstage grouting the bulbs are
formed as the grouting tube is withdrawn in typically 500mm increments.

A12.3.3.6 Dynamic Compaction (DC)/ Dynamic Replacement

Dynamic Compaction (DC) is the process whereby density of in-situ soil is improved by dropping a large weight or pounder from great
height onto the soil to be compacted. Depth of improvement is typically 6,0-8,0 m.

Shock of the falling weight may cause damage to nearby structures/services and potential impacts must be determined.

Dynamic replacement is a technique whereby in situ soft/loose soils are displaced by stone columns driven into the soils by dynamic
compaction. It is used in very soft cohesive with high moisture contents making compaction by conventional means impossible. The
columns of stone are driven by a pounder as in Dynamic Compaction

A12.3.3.7 Rapid Impact Compaction (RIC)

Rapid Impact Compaction (RIC) of in situ soils is achieved by repeatedly dropping a large weight or pounder of between 9 and 12 tonnes
from a height varying from 1,0-1,5 m, at a high frequency (about 40 blows per minute, depending on machinery employed), onto ground
to be compacted. Depth of improvement is typically 3,0-5,0 m.

RIC is carried out by impacting blows on a grid, triangular (3 prints) or square (either 4 prints or a 5-print sequence in which one is located
in the middle of the 4). Ram size varies from 1,0-1,5 m diameter and grid size varies from 2,0-4,0 m. Up to 50 blows per imprint may be
required to achieve specified densification.

Material may either be compacted as is or stone columns may be constructed by placing selected stone at regular intervals in the created
voids and continuing compaction thereon driving stone into the substrata. Stiffness of these stone columns needs to be controlled.

A12.3.3.8 Vibration compaction

Vibration Compaction is the process whereby in situ soils are compacted by vibrating immersion probes inserted into the soil to increase
relative density, stiffness and strength thereby reducing settlement as well as improving resistance to liquefaction. Vibration may have
either horizontal or vertical amplitude and brings soil particles into a state of suspension allowing for their rearrangement and densification.
Water jets assist penetration of vibrator into the ground and rearrangement of soil particles. Degree of soil improvement is largely
dependent on grading of soil, natural resonant frequency and level of energy available. Vibration compaction consists of:

Vibro-compaction is a technique, designed to induce compaction of granular materials at depth. The basic principle behind the process is
that particles of non-cohesive soils can be rearranged by means of vibration.

Vibro-replacement is a technique derived by further developing the vibro-compaction process. Soils such as pure silts or mixed deposits
of silt, and/or sand are improved by lateral displacement initially induced by probe insertion and further densified by the addition of coarse
aggregate to create a stone column. Soil improvement relies on higher stiffness and shear strength of stone columns which act compositely
with the surrounding soil.

A12.3.3.9 Underpinning

Underpinning is the process of staunching settlement of a structure post-construction. Underpinning may be accomplished by extending
existing foundations in depth or in area to more supportive substratum or distributing load across a greater area, supplementing the support
by providing additional piles or micro-piles or by ground improvement beneath existing footings.

Underpinning may be necessary when:

- Original foundations have insufficient bearing capacity/stability. Properties of material supporting the foundation may have changed
(possibly through seepage or soil particle distribution or pore water dissipation),

- Geotechnical characteristics misdiagnosed during investigation/design,

- Construction of nearby/adjacent structures necessitates excavation of existing foundations,

- Toincrease depth or load capacity of the structure It is more economical to upgrade the present structure's foundation than to construct
a new one,

- Earthquake, flood, drought or other natural causes have caused the structure to move, thereby requiring additional work in the form of
underpinning.

A12.3.3.10 Preload monitoring (stability monitoring of fills under construction)

Road embankment fills constructed over potentially compressible and weak ground require special construction procedures to be
implemented to ensure their stability both during and post-construction. These may include slow construction or staged construction
possibly with surcharge loading, generally in advance of adjacent conventional roadworks, preload monitoring is the process of measuring
settlements, pore pressures and other parameters in order to ensure stability is maintained during construction by providing time for
settlement and pore pressure dissipation.

Monitoring can consist of:

- Measurement of settlement of the fill embankment relative to the surrounding surface,
- Pore water pressures in underlying materials subject to load,

- Load cells/ earth pressure cells encompassed within constructed fill (e.g. Gloetzl cells),
- Ongoing monitoring of the embankment side slopes with inclinometers.

A12.3.3.11 Basal reinforcement

Basal reinforcement may be required where soft deep deposits below fills make removal uneconomical or over undermined areas and
karst regions where soft or voided zones require bridging. This basal reinforcement usually comprises geosynthetics in the form of
polymeric or steel reinforcement. Tensile capacity of the geosynthetic may be used in conjunction with the fill above in combating sinkholes
or undermined areas. Void sizes up to 5,0 m may be treated (provided the fill thickness is around 2,0 m) but specialised applications are
necessary for larger voids.

Where the void or soft zone size exceeds 5,0 m, steel cables are usually used in conjunction with a ring beam and appropriate matting to
ensure material retention.
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Basal reinforcement can also be addressed employing other sophisticated techniques such as included in this and other sections in this
chapter, e.g. piling, compaction grouting, jet grouting, etc.

A12.3.4 DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS
A12.3.41 General

Where design by the Contractor for any specialised/proprietary technique or aspect or segment or portion of the works to be carried out
is, in terms of the Contract Documentation, responsibility of the Contractor, all aspects given below shall be taken into consideration in
carrying out these obligations.

The following shall normally be specified (where applicable) by the Engineer and reflected in the Contract Documentation:
- Techniques and methods to be followed,

- Site specific requirements,

- Drilling methods,

- Limits of area and depths to be treated,

- Grout mix composition,

- Grout strengths, column characteristics, post treatment properties, durability and any other deliverables as may be appropriate,
- Spacing of treatment positions,

- Sequence of treatments,

- Permissible limits (pressures, flow rates),

- Quantities of grout/other materials to be injected/used,

- Monitoring of works,

- Quality and workmanship requirements,

- Measurable properties to be achieved over the life span of the project,

- Environmental and safety requirements specific to techniques to be executed,

- Monitoring and record keeping requirements.

The following information will generally be provided in the Contract Documentation:

- A definition of the objectives and control criteria,

- Investigation data including subsurface geological information, hydrological data and geotechnical parameters,

- Test data, borehole logs and recovered core samples,

- Limitations including information on subsurface services,

- Availability of materials on site.

The following additional aspects, where applicable shall also be addressed:

- Finishing off of treatment area to specified lines and levels,

- Whether materials are to be removed, removed and replaced by other materials,

- Processing of materials and all other measures to be carried out in meeting requirements as specified in the Contract Documentation.

The Contractor shall provide a quality management plan indicating his proposed quality assurance testing program which shall allow for
testing at each treatment position. Testing methods to be employed shall be as specified in the Contract Documentation.

A12.3.4.2 Geotechnical grouting

Where so specified the Contractor shall prepare a detailed construction proposal/design detailing all plant, equipment and materials to be
employed in meeting the geotechnical grouting objectives and performance requirements detailed in the Contract Documentation. In
compliance herewith the Contractor shall address all the aspects given in Clause A12.3.4.1 above.

The Contractor shall be responsible for the design of a suitable cementitious grout mix for the grouting which shall be presented for
approval by the Engineer with due consideration of the following:

- Availability of cementitious products in the quantities required for production,

- Achievement of specified characteristic strength in the mix,

- Consistency and pumpability of the grout.

The following procedure shall be applicable:

- Obtaining samples of mix constituents,

- Carrying out mix designs,

- Production of trial mixes in laboratory to allow for sampling and testing of grout,

- Production of trial mixes by production plant to allow for sampling and testing of grout,
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- Carrying out adjustments to mix designs as may be required and repeating laboratory and production plant trial mixes to allow for
sampling and testing of grout,

- Obtaining Engineer approval of the mix.

Note that the above design shall be carried out by competent personnel following relevant approved/ specified mix design procedures and
SANS methods for sampling, curing and testing procedures. Relative density as well as fluidity of various mixes shall be determined to
provide a basis for ongoing quality assurance during production grouting.

The Contractor shall submit his proposed cementitious grout mix design for geotechnical grouting accompanied by all relevant information
for approval by the Engineer 6 weeks before programmed use in permanent works.

It should be noted that grouting will only be permitted to proceed if the Engineer is satisfied that the mix meets minimum performance
criteria specified including 28 day characteristic strength of cementitious grout as specified in the Contract Documentation. Any changes
to the mix after the Engineer’s approval shall only be permitted if approved in writing by the Engineer.

A12.3.4.3 Jet grouting

Where so specified, the Contractor shall prepare a detailed construction proposal/design detailing all plant, equipment and materials to
be employed in meeting jet grouting objectives and performance requirements detailed in the Contract Documentation. In compliance
herewith the Contractor shall address all aspects given in Clause A12.3.4.1 above:

The Contractor shall be responsible for design of a suitable cementitious grout mix for jet grouting which shall be presented for approval
by the Engineer with due consideration of the following:

- Availability of cementitious products in quantities required for production,

- Achievement of specified characteristic strength in the mix,

- Consistency and pumpability of grout,

- Eroding efficiency of grout.

The following procedure shall be applicable:

- Obtaining samples of mix constituents,

- Carrying out mix designs,

- Production of trial mixes in laboratory to allow for sampling and testing of grout,

- Production of trial mixes by production plant to allow for sampling and testing of grout,

- Carrying out adjustments to mix designs as may be required and repeating laboratory and production plant trial mixes to allow for
sampling and testing of grout,

- Obtaining Engineer-approval of the mix.

Note that the above design shall be carried out by competent personnel following relevant approved/ specified mix design procedures and
SANS methods for sampling, curing and testing procedures. Relative density as well as fluidity of various mixes shall be determined to
provide a basis for ongoing quality assurance during production jetting.

The Contractor shall submit his proposed mix design for the cementitious mix for jet grouting accompanied by all relevant information to
the Engineer for approval 6 weeks before programmed use in permanent works

It should be noted that grouting will only be permitted to proceed if the Engineer is satisfied that the mix meets minimum performance
criteria specified including 28 day characteristic strength of cementitious grout as specified in the Contract Documentation. Any changes
to the mix after Engineer-approval is obtained shall only be permitted if approved in writing by the Engineer.

A12.3.4.4 Compaction grouting

The Contractor shall be responsible for design of a suitable cementitious grout mix, which shall be presented for approval by the Engineer
6 weeks before programmed use in permanent works.

The Contractor shall prepare a method statement detailing all plant, equipment and materials to be employed in meeting compaction
grouting objectives and performance requirements detailed in the Contract Documentation. In compliance herewith the Contractor shall
address all aspects given in Clause A12.3.4.1 above. A lead time as per Table A12.3.3-1 is required for this information.

It should be noted that grouting will only be permitted to proceed if the Engineer is satisfied that the mix meets minimum performance
criteria specified including 28 day characteristic strength and slump of the cementitious grout as specified in the Contract Documentation.

This submission shall provide the following details as a minimum:
- Cement type and class,

- Water quality,

- Sand grading, Atterberg Limits and source,

- Admixture type and properties (if proposed),

- Quantities of above,

- Pressures to be used,

- Methods used, i.e. up-or down stage grouting,

- Sequence of operations,

- Alternative procedures should certain specified criteria not be met.
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The Contractor shall conduct trials before production grouting commences to confirm exact mix proportions and additives, to produce a
stiff, pumpable mortar which achieves compaction of the soil mass into which it is injected, as specified in the Contract Documentation.

A12.3.4.5 Dynamic Compaction (DC)

Where so required, the Contractor shall prepare all necessary drawings and specifications, plus method statements detailing all plant,
equipment and materials to be employed in meeting dynamic compaction objectives and performance requirements stipulated in the
Contract Documentation.

This may include but is not limited to bearing capacity, stiffness (E-modulus) and density requirements of soil horizons over targeted
treatment areas.

The Contractor shall address all relevant aspects given in Clause A12.3.4.1 Geotechnical grouting above as well as the following (as may
be applicable) in his proposal:

- Drawings indicating treatment grid, methodology, equipment to be used, and sequence to be followed complete with interim phases
in achieving specified properties at any point,

- If rock columns are specified, dimensions of such, extent thereof and materials to be used.

- Source of materials and properties thereof, as tested by an approved laboratory shall also be included.
The following information will generally be provided by the Engineer in Contract Documentation:

- Investigation data including subsurface geological information, hydrological data and geotechnical parameters,
- Test data, borehole logs and recovered core samples,

- Limitations including information on subsurface services,

- Area and depth of treatment/ground improvement,

- Performance requirements (bearing capacity, E-modulus/stiffness, density),

- Acceptance control requirements,

- Approved test methods,

- Protection of works,

- Availability of materials on site.

A12.3.4.6 Rapid Impact Compaction (RIC)
As for Clause A12.3.4.5 as above.

A12.3.4.7 Vibration compaction

The following shall be addressed in the Contractors proposed method statements:
- Drawings detailing proposed treatment grid,

- Methodology to be followed,

- Equipment to be used,

- Sequence to be followed. If rock/gravel columns are to be provided, dimensions, materials to be used, source of these materials and
properties thereof as tested by an approved laboratory shall also be included.

- Finishing-off of treatment area to specified lines and levels, whether materials are to be removed, removed and replaced by other
materials, processing of materials and all other measures to be carried out in meeting requirements as specified in the Contract
Documentation.

The method statement shall provide a quality management plan indicating proposed quality assurance testing program at each treatment
position. Testing methods to be employed are specified in the Contract Documentation.

The following information will be generally provided in Contract Documentation:

- Investigation data including subsurface geological information, hydrological data and geotechnical parameters,
- Test data, borehole logs and recovered core samples,

- Limitations including information on subsurface services,

- Area and depth of treatment/ground improvement,

- Performance requirements (allowable bearing capacity, Stiffness E-modulus),

- Proposed test methods,

- Process control requirements,

- Protection of the works.

A12.3.4.8 Underpinning

The Contractor shall be responsible for the design of all construction items necessary for the underpinning including, but not restricted to:

- Suitable cement mix design
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- Excavation techniques and shoring

- Micropile type and installation techniques

- Grout and / or resin mix design and injection system.
All shall be presented for approval by the Engineer.

The Contractor shall prepare a method statement detailing all plant, equipment and materials to be employed in meeting the underpinning
objectives and performance requirements detailed in the Contract Documentation in compliance herewith the Contractor shall address all
the aspects given in Clause A12.3.4.1 above and lead time requirements as per Table A12.3.3-1.

Mass concrete; structural concrete; and grout injection underpinning shall only be allowed to proceed if the Engineer is satisfied that
relevant mixes the minimum performance criteria specified including the 28 day characteristic strength and slump of the concrete as
specified in the Contract Documentation.

Concrete mix design submission shall provide the following details as a minimum:
- Cement type and class

- Water quality

- Sand grading, Atterberg Limits and source

- Admixture type and properties (if proposed)

- Quantities of the above.

All cementitious mix designs for concrete; grout and resins shall be carried out by competent personnel following the relevant approved/
specified mix design procedures and, the case of cement items, SANS methods for the sampling, curing and testing procedures. The
Contractor shall submit his proposed mix design for all cementitious products and all relevant information to the Engineer for approval.

A12.3.4.9 Preloading

The Contractor, where so specified, shall prepare a detailed construction method statement detailing all plant, equipment and materials
to be employed in meeting the preload monitoring objectives and performance requirements detailed in the Contract Documentation.

A12.3.4.10 Basal Reinforcement

If so specified in the Contract Documentation the Contractor shall carry out the design of the basal reinforcement in accordance with the
specified criteria and the appropriate requirements in Clause A12.3.4.1 above. The Contractor shall submit detailed designs including
calculations and construction drawings to the Engineer for approval. The latest version of SANS 8006 shall be used for design.
Alternatively limit equilibrium or finite element formulations may be used but the Contractor will be required to provide evidence that the
designers are well-versed in this field. Both serviceability and ultimate limit states shall be evaluated. Reliability predictions shall also be
made.

A12.3.5 MATERIALS
A12.3.5.1 Geotechnical grouting

The Contractor is responsible for the design of the grout. Typical grout types are listed below.
a) Cement/water grouts

Cement used in grout shall be CEM | or CEM Il (SANS 50197-1) or such other cements as specified in the Contract Documentation.
Depending on the grouting method employed, the Engineer may allow or specify use of certain additives such as bentonite to reduce
bleeding, improve penetration, to vary viscosity or to improve pumpability of the grout. Where large cavities are to be filled, the Engineer
may allow or specify use of fillers, sands or gravels provided specified performance criteria are met. These shall be free of deleterious
materials and meet criteria for use as aggregates in concrete (SANS 1083).

Water for grout shall comply with SANS 241.
b) Bentonite/blended cement grouts
Bentonite grouts, either neat, or blended with cement, are finer than pure cement grouts but do not develop the same strengths.
c) Chemical grouts
Chemical grouts enable better penetration than cement or bentonite-based grouts.
These include:
- Sodium Silicate,
- Acrylamides,
- Ligno-sulphonates,
- Phenoplasts,
- Aminoplasts.
d) Speciality grouts

Specialised grouts such as epoxy resins, polyurethanes and resin silicates may be used in specialist applications and shall be detailed in
Contract Documentation.

All grout materials shall be stored under roof and protected from weather and contamination.
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A12.3.5.2 Jet grouting

Materials for the cementitious grout used in jet grouting shall be as follows;
a) Cement

Cement used in cementitious grout shall be CEMI or CEMII or such other cements as specified in the Contract Documentation.
b) Water

Water for grout shall comply with SANS 51008.

A12.3.5.3 Compaction grouting

Materials for the cementitious grout used in compaction grouting shall be as follows
a) Cement

Cement used in compaction grouting shall be CEMI or CEMII,

b) Water
Water for grout shall comply with SANS 51008.
c) Sand

Sand shall be clean, non-plastic, non-angular and well-graded particles sized from 0,06 — 2,0 mm.
d) Bentonite
Bentonite shall be OCMA grade (Oil Companies Material Association) and comply with APl 13A.

A123.5.4 Dynamic compaction

Materials for backfilling of craters or depressions created by dynamic compaction shall, unless otherwise specified in the Contract
Documentation, meet the requirements for G7 material. However, where stone columns are required, dump rock/ blast rocks shall be used
as specified below:

- To increase stiffness of in-situ soils:
- UCS greater than 40MPa but less than 75MPa,
- Maximum size 300 mm,
- Percentage passing the 0,075 mm sieve less than 5 %
- To increase stiffness and provide drainage for dissipation of excess pore pressures
- UCS greater than 100MPa,
- Maximum size 300 mm,
- Percentage passing the 0,075 mm sieve less than 5 %.

Dump rock for stone columns shall be obtained from a suitable source, approved by the Engineer. It shall be un-weathered, sound and
durable. Mudrock, shales and other rapid weathering rock types shall not be used.

A12.3.5.5 Rapid impact compaction
As for A12.3.5.4 above.

A12.3.5.6 Vibration compaction

Crushed stone to be used for replacement material shall be manufactured / crushed from approved un-weathered, sound durable rock,
with grading of material in a range from 8,0 mm to 40 mm and a specific gravity greater than 2.4.

A12.3.5.7 Underpinning

Materials for underpinning shall consist of:
a) Concrete

All concrete used for underpinning purposes shall comply with the requirements given in Section A13.4 of Chapter 13 unless otherwise
specified in the Contract Documentation. Water used for batching of grout shall comply with SANS 241 and water for concrete shall comply
with SANS 51008.

b) Chemical grouts
Chemical grouts may include but not be limited to:
- Sodium Silicate,
- Acrylamides,
- Ligno-sulphonates,
- Phenoplasts,
- Aminoplasts
c) Speciality grouts

Specialised grouts such as epoxy resins, polyurethanes and resin silicates may be used in specialist applications as detailed in the
Contract Documentation.
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d) Micropiles

Materials for micropiles shall be as specified in the Contract Documentation.

A12.3.5.8 Preload monitoring
a) Filter sand for piezometers

Filter sand used to fill voids between drilled hole sides and piezometer porous element surrounds shall be clean, siliceous sand from an
approved source 0,06 TO 2,0 mm with less than 5 % smaller than 0,425 mm and less than 5 % greater than 1,18 mm. The sand shall also
comply with the requirements of SANS 1083.

b) Bentonite pellets for seals

Bentonite pellets for seals shall be as specified in the Contract Documentation.

A12.3.5.9 Basal reinforcement
a) Reinforcement
(i)  General

Reinforcement shall be axially stiff and able to absorb tensile, shear and bending loads and shall sustain the design loads at
strains greater than 1 %.

(i) Polymeric reinforcement

These are generally manufactured from high density polyester with strain-at-break values which vary from 8 to11 %. Ultimate
tensile strengths span the range from 50 to 1 200kN. They may be uni-or bi-directional. Alternatively, aramide/carbon fibre,
glass or wire products with strain-at-break values of 3 % may also be used as reinforcing layers.

(iii) ~ Steel reinforcement:

Steel reinforcement encompasses metallic strips, ladders, bars, grids, woven wire meshes, and rods used in geotechnical
Engineering for the strengthening and reinforcement of soils and fills.

Unless otherwise specified, steel wire shall comply with the requirements of SANS 675: 1997. 3,0 mm diameter wire with an
ultimate tensile stress which varies between 350 and 575MPa with a strain at break which exceeds 10 % shall be used in the
manufacture of netting where specified. Hexagonal woven wire mesh is constructed by twisting continuous pairs of wires
through three one half turns (commonly referred to as double twist) which are then interconnected to adjacent wires to form
hexagonal openings of 80 mm breadth over the 3,0 m width. Wire shall be corrosion protected.Zinc coating shall be applied
as per the requirements of Table 3 of SANS 121 at a mean coating thickness of 45 microns for elements less than 3,0 mm in
diameter and 55 microns for elements greater than 3,0 mm diameter or protected with aluminium/zinc (Galfan) coating. Galfan
shall be applied to generate a coating mass of 245 g/m? or a thickness of 35um and shall be tested for a) adhesion by
observing that it does not flake or crack when wrapped six turns around a 12 mm diameter mandrel and b) for ductility in that
it does not show any signs of fracture when wrapped and unwrapped at least 8 times around a 3,0 mm diameter wire at a rate
of less than 15 turns per minute.

Where specified high tensile steel wire shall be used. The required ultimate tensile stress shall be indicated (generally between
1000MPa and 2000MPa) with a strain at break which exceeds 10 %. The wire shall be corrosion protected with a zinc coating
applied as per the requirements of Table 3 of SANS 121 at a mean coating thickness of 45 microns for elements less than
3,0 mm in diameter and 55 microns for elements greater than 3,0 mm diameter.

b) Overlap sand

Overlap sand shall be used as infill between successive rolls of geosynthetic and shall comply with the requirements of coarse river sand
as per Clause A3.1.5.2b) of Chapter 3.

c) Backfill
Backfill shall comply with the requirements of Table 5 of SANS 207 or as detailed in the Contract Documentation.
d) Joining materials

Should material require joining to ensure continuity, this must be done to satisfaction of the Engineer. Interweaving, bodkin joints, sewing
and many other methods may be used. Testing shall be conducted to prove efficacy. This may also be achieved via overlapping and
filling the interface with 20 mm thick overlap sand.

A12.3.6 CONSTRUCTION EQUIPMENT
A12.3.6.1 Geotechnical grouting

a) Drilling equipment

The drill rig and equipment shall be in good working order and capable of producing the required hole to the required dimensions,
tolerances, direction and inclination and core recovery without undue disturbance of the surrounding material. Should the type of rig and/or
equipment prove inappropriate for the requirements or conditions on site, these shall be replaced by suitable equipment at the Contractor’s
cost. The drill rig/equipment shall be able to install and remove casings as may be required during drilling operations, without loss of
direction or inclination, in all materials.

b) Grout mixing equipment

A high speed double drum colloidal mixer shall be used to produce a homogeneous mix suiting the particular injection method. This mixer
shall be fitted with a suitable capacity holding tank to ensure continuity of operation and fitted with agitators capable of preventing any
segregation or lump formation.
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c) Grout pumps and injection equipment

Positive displacement grout pumps of adjustable rate, together with injection equipment, shall be compatible with the intended injection
technique. Pumps shall produce sufficient pressure/volume for successful injection.

d) Ancillary equipment

All ancillary equipment (hoses, packers, couplings, sleeves, injection pipes, nozzles etc.) required to execute the specified grouting
technique, shall be fit-for-purpose.

A12.3.6.2 Jet grouting

a) Drill rig and ancillary equipment

Drill rig and equipment shall be of a type and capacity suitable for required hole inclination, diameters and depths and for lowering, raising
and rotating the jet grouting monitor at rates and to depths required to perform works as specified herein and as shown on the Drawings.
Drill rigs shall furthermore be equipped with automated controls to regulate and control extraction rate, rotation rate (rpm) and shall have
electronic pressure gauges for all fluids injected. Extraction shall be a smooth operation and not a staged lifting operation.

The monitor shall be appropriate to the process, i.e. single-double or triple system and be fitted with appropriate injection nozzles /injection
points.

Drill rods shall have required number of conduits to convey pressurised grout, air and water as may be required without any pressure loss
and/or leakage to achieve the specified product. The Contractor shall select type of drill bit appropriate to materials through which he has
to drill.

Should the type of rig and or equipment be inappropriate to requirements or conditions on site, these shall be replaced by suitable
equipment at the Contractor’s cost.

b) Grout mixer

The mixer used for manufacture of grout for jet grouting purposes shall be a high-speed, high-shear colloidal mixer of sufficient capacity
to ensure an adequate supply of grout as required for continuous production. This mixer shall be fitted with calibrated load cells to enable
accurate weigh-batching of cementitious materials. Holding tanks shall be fitted with an agitator to capable of maintaining colloidal
condition and fluidity of the mixed grout. Outlets shall be fitted with a suitable filter with openings of < 1,0 mm, to remove any aggregations.

c) Injection equipment
(i)  Grout pump

Grout pumps shall be of sufficient capacity (up to 600 bar) to ensure adequate supply of grout at specified pressure to jet
grouting monitors. Pumps shall be fitted with a recently calibrated pressure gauge with a dial of > 150 mm diameter enabling
accurate readings to the nearest 10 bar and a valve which can be locked off without pressure loss.

(i)  Compressor

Compressors shall be capable of producing compressed air at pressure and flow rates determined in trials to produce the
specified end product.

(iii)  Water supply

Water tanks shall have sufficient capacity to ensure adequate supply during a working shift. Pumps used shall be of sufficient
capacity to provide required flow and pressure.

(iv) Hoses
Hoses used shall be appropriately rated for pressures required.

A12.3.6.3 Compaction grouting
Compaction grouting equipment shall comprise the following:
a) Drilling equipment

The drill rig and equipment shall be in good working order and capable of producing the required hole to the required dimensions,
tolerances, direction and inclination and core recovery without undue disturbance of the surrounding material. Should the type of rig and/or
equipment prove inappropriate for the requirements or conditions on site, these shall be replaced by suitable equipment at the Contractor’s
cost. The drill rig/lequipment shall be able to install and remove casings as may be required during drilling operations, without loss of
direction or inclination, in all materials.

b) Pumping units

- A stationary or truck-mounted mobile concrete/grout with 20m%h pump capacity,

- Suitable hoses and connectors for required pumping pressures.

Pumps, hoses and supply lines shall be capable of maintaining pressures up to 10 MPa. Pumps shall be capable of displacing zero-slump
grouts, with displacements as low as 15 litres/minute. Pumps shall be equipped with suitable, calibrated (calibration certificate required)
pressure gauges for recording pumping pressures up to15 MPa and fitted with a dial greater than 150 mm diameter enabling accurate
readings to the nearest 100kPa and a valve which can be locked-off without pressure loss.

c) Compressor

Compressors shall be capable of producing compressed air at pressures and flow rates determined in trials to produce the specified end
product.

d) Water supply
Water tanks shall have sufficient capacity to ensure adequate supply during a working shift. Pumps used shall be of sufficient capacity to
provide required flow and pressure.

12-63



e) Hoses
Hoses used shall be appropriately rated for pressures required.
f)  Grout sleeves

Grout sleeves shall consist of high-pressure seamless steel pipes, to suit required hole-diameter and pumping pressures. These shall be
inserted to desired depth in bored holes, fitted with a reusable coupling compatible with the pumping unit.

g) Slump cone

The Contractor shall maintain slump-measuring equipment on site in good condition at all times.

A12.3.6.4 Dynamic compaction
Equipment typically used for dynamic compaction includes:

- A heavy weight, 7-16 tonne pounder,

- High capacity crawler mounted cranes fitted with a linear winch to lift pounders to heights up to 22 m and release them to ram in-situ
soil,

- Conventional earthworks equipment and plant for level adjustments and compaction of backfilled materials.

Selection of pounder and drop height depends on site conditions and required compaction depths.

A12.3.6.5 Rapid Impact Compaction (RIC)

The equipment for Rapid Impact Compaction (RIC) comprises:

- A heavy weight pounder of 9-12 tonnes and 1,0-1,5 m diameter,

- A hydraulic mechanism capable of lifting and releasing the pounder to free-fall through heights of up to 1,5 m onto material to be
compacted at a rapid frequency (greater than 40 blows/minute).

- A suitably modified about 45 ton excavator, to carry RIC mechanism,

- Cab-mounted electronic instrumentation for remotely monitoring ram penetration/blow, enabling the operator to successfully guide
operations to ensure desired number of blows are applied to achieve desired densification.

A12.3.6.6 Vibration compaction

Equipment comprises a vibrating section (probe) coupled via a flexible isolator to follower sections/rigid extension tubes wherein flexible
pipes housing water and hydraulic pipes and electrical wiring are located. Vibrator comprises electric or hydraulic motor driving eccentric
weights. Weights rotate about a vertical axis so that amplitude of vibration is in a horizontal plane.

Vibrators shall have fins/vanes to resist rotational forces induced by the motor. Extension tube/s shall provide sufficient reach to enable
treatment to required depth. Multiple water jets, an upper and lower one, facilitate penetration and temporary liquefaction.

A crane is used to position, lower and raise the assembly.

The following shall generally be specified:

- Power (kW)

- Depth of treatment (m)

- Operating frequency (Hz) (or rpm)
- Operating centrifugal force (kN)

- Amplitude (mm)

- Maximum pressure (bar)

A12.3.6.7 Underpinning

The Contractor shall in his method statements provide comprehensive details of all plant and equipment, appropriate to the specified
works before construction commences. Such equipment shall cover demolition and/ or removal of existing materials or infrastructure,
provision of temporary support as well as any other activities whether temporary or permanent that may be required to facilitate the works
to be carried out in terms of Contract Documentation.

A12.3.6.8 Preloading

a) Settlement monitoring by survey methods
Survey equipment for monitoring of embankment fill by precise levelling shall be calibrated and in good working order.

Settlement plates to be installed shall comprise 20 mm thick metal discs with diameter greater than1,0 m and have perpendicularly-
attached extendable 1,0 m long steel rods greater than 25 mm, or pipes, Targets painted at rod tops shall provide for accurate survey.
Steel rods/pipes are extended with couplings as filling of embankments progresses.

b) Settlement monitoring by magnetic extensometers

Magnetic extensometers provide a means of measuring settlement or heave at a point or series of points in the subsurface. Extendable
access tubes are installed in predrilled holes. A datum ring magnet is installed about 2 m from the lower end of the tube. Spider magnets,
temporarily held in place along the tube, are used within the subsoil. Plate magnets within the fill can be placed during construction. Once
in position the spider magnets are released. The hole is backfilled with a bentonite: cement mix of strength equivalent to surrounding
material.

Readout devices shall consist of a nickel-plated brass probe containing a reed switch encapsulated in silicone rubber. Probes shall be
connected via a nylon coated steel tape to a reel buzzer. Instruments and all ancillary equipment shall be approved by the Engineer before
being used.

Combined inclinometers and magnetic extensometers which provide means for measuring both vertical settlement and horizontal
displacement at a series of points below the ground surface may be considered by the Engineer.
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c) Slope stability monitoring
(i) Inclinometers

Measurement of lateral movement at selected depths at a position on the embankment is conducted by means of sending an
inclinometer torpedo down inclinometer tubing installed in a borehole or placed horizontally across the embankment during
construction. This torpedo has an electronic accelerometer capable of measuring deflection of the torpedo (and tubing) which
is coupled via an electric cable to a remote readout unit. The instrument shall be approved prior to use by the Engineer and
shall have a calibration certificate, less than12 months old issued by manufacturer. Tubing shall be installed as specified in
Contract Documentation by competent experienced personnel.

d) Stability monitoring
(i)  Pore water monitoring - standpipe piezometers

The piezometer tip shall be as specified in the Contract Documentation. uPVC tubing shall be jointed together and to the
porous element by threaded couplings and be leak proof. Depth to water shall be measured using an electronic dipmeter.

(i) Pore water monitoring - pneumatic piezometers

Pneumatic piezometers shall be of the high air-entry ceramic type with an average pore diameter of 1ym in marine brass or
stainless steel bodies. Piezometers shall be connected to colour-coded nylon tubing (flow and return pipes) marked every
3,0 m. These pipes shall be without joins and either fitted with quick release couplings or be taken to a terminal panel fixed
inside a lockable steel cabinet. Readout units shall be as specified in Contract Documentation and shall in addition to pressure
transducers have a rechargeable gas reservoir, return and flow indicators, a flow control valve and be fitted with quick-release
self-sealing leads for connection to supply and return manifolds of the terminal panel. The Contractor shall provide facilities
for the recharging of the nitrogen reservoir. The piezometer system shall be capable of measuring water pressures to an
accuracy of approximately 0,2 m head in the range 0-100 m head of water.

(iii) ~ Soil pressures/load monitoring

Load cells are encompassed within constructed fills (e.g. Gloetzl cells). These load cells operate hydraulically and are placed
within fills at selected positions to monitor earth pressures during construction and are connected via special tubing to
hydraulic readout units.

e) Drilling equipment

Drilling equipment used for boreholes for installation of magnets or piezometers shall be in good working order shall be capable of providing
a stable hole to the required dimensions, tolerances, direction and inclination Both rotary and percussion drilling methods may be used
unless otherwise specified in project documents. Boreholes shall be cased full depth. The drill rig/fequipment shall be able to install and
remove casings as may be required during drilling operations, without loss of direction or inclination, in all materials. The method of forming
boreholes and advancing casing shall be approved by the Engineer before commencement of the works. Drilling aids, muds or additives
may only be used if approved by the Engineer. Where piezometers are to be installed, additives, muds or drilling aids shall be used.
Should the type of rig and/or equipment prove inappropriate for the requirements or conditions on site, these shall be replaced by suitable
equipment at the Contractor’s cost.

A12.3.6.9 Basal reinforcement

Mechanised plant may be used in unrolling the geosynthetic rolls but it is more usual to use manual labour. If fastening or stitching
equipment is used, these shall comply with the relevant OHS regulations. Normal construction machinery is used for any earthworks.

A12.3.7 EXECUTION OF THE WORKS
A12.3.71 Geotechnical grouting

a) General

Percussion drilled holes are generally used in grouting applications. Flushing media and drilling techniques used shall not be detrimental
to any subsequent grouting operation (particularly regarding changes in permeability at the point of injection).

b) Trials

The Contractor shall carry out a series of trials to ensure his methods and equipment can effectively deliver the required end product.
These trials enable adjustments to be made to proposed construction methodologies. Trials successfully carried out as specified and
accepted by the Engineer will be measured and paid for under appropriate items and tendered rates.

c) Grouting process
(i) Dirilling

Holes shall either be vertical or inclined as specified. After drilling, holes shall be air-flushed to remove detritus, loose material
and to open cracks/fissures. Completed holes shall be plugged if grouting does not immediately follow cleaning. Where holes
are blocked / collapsed or deviate unacceptably, these shall be re-drilled at the Contractor’s expense.

(i) Grout mixing

Where bentonite is used it shall be fully hydrated to the Engineer’s satisfaction before mixing with other binders. Mixing shall
be batched using calibrated measuring devices meeting the Engineer’s approval. Grout provided shall be free of stones,
lumps, foreign oils or any other debris.

(iii)  Grout injection

Proposed patterns and sequences are indicated in Contract Documentation. The Contractor’s method statement shall conform
thereto. Method of placement shall be determined by ground conditions, specific site requirements and type of grout used
shall follow the basic approach listed below:
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- Injection in unsupported boreholes in stable ground,

- Injection via sleeve pipes placed in temporary cased boreholes in unstable ground,

- Injection through drill string in unstable ground (pre-grouting phase followed by (i) or(ii),

- Injection through sleeve pipes or drilled holes into fissures or cavities.

Grout injection shall either be:

- Single stage, whereby the hole is drilled to its full depth and grouting is completed over full hole length,
- Multiple stage, either be done upstage or downstage,

- Downstage, where drilling and grouting occurs sequentially from top in downward stages,

- Upstage, where the hole is initially drilled to its full depth and grouting takes place from lowest point of injection, upwards,
using packers.

For premature choking of grout pipes as a result of Contractor-negligence, the Contractor shall re-drill and equip holes at his
own expense.

d) Monitoring and records

The Contractor shall, on a continuous basis, monitor ground or movements of structures with sufficient accuracy to ensure that any
displacements are within specified allowable tolerances. Proposed methods of monitoring shall be approved by the Engineer before any
works are commenced. Injection parameters (pressure, volume and flow rate) may need to be adjusted to avoid unacceptable
deformation.

Daily records shall be kept of all works, materials utilised, and quality control activities carried out in accordance with Contract
Documentation and approved method statements. These records shall be submitted to the Engineer before noon on the following working
day. The records shall include:

- Daily records of all grouting positions, depths of treatment, start and stop times, all grouting parameters used,

- Details of all stoppages, breakdowns and grout injected at each position,

- Cement usage, pumping pressures and other details that may be required for measurement purposes,

- Results of routine consistency tests (flow cone, density tests as specified) carried out on all batches of grout mixed and utilised,
- Details of any holes lost or not completed due to mechanical breakdowns,

- Inadequacy of grout, air or water or any other reason and the treatment thereof,

- Any change in subsurface conditions which affected, or may affect changes in methodology or progress

A12.3.7.2 Jet grouting

a) General

The Contractor shall, in carrying out his design obligations, familiarise himself with available information and shall, at his own cost, carry
out whatever further investigations required to provide any further information required in this regard. Such further investigations may
include construction of further jet grouted columns other than the trials provided for in the specifications. Prior written approval by the
Engineer shall be obtained for all additional investigative work by the Contractor.

The Contractor shall provide the Engineer with a method statement detailing all aspects in his design and proposed methodology for
carrying out the works. This method statement shall be the basis for the trials to be carried out as described below.

b) Trials

The Contractor will be required to construct trial columns as specified in Contract Documentation and shall allow for the Engineer’s
assessment of these columns and the Contractor’s construction method statement. These trials provide the Contractor with means to
determine optimum jetting parameters, optimum cementitious content and operational methodologies such as rotation and withdrawal
rates of monitors required to achieve specified minimum diameter of columns. Generally this will include exposure of completed trial
columns after the specified curing period to ascertain whether these soilcrete columns meet specified requirements regarding diameter
and uniformity and execution of tests and measurements for quality assessment purposes.

Trial columns shall normally be outside the area where production or working columns are constructed. Proposals regarding positioning
of these test columns and items to be investigated with each test column, are to be presented to the Engineer for his approval prior to
commencement thereof.

Such items will generally include but are not limited to determination of the following:

- Drilling rate of advance in in situ materials extraction and rotation rates,

- Grout mix composition,

- Pumpability and erosive properties,

- Determining jetting pressures,

- Number and nozzle sizes,

- Testing equipment suitability,

- Column sequence,

- Confirmation that the resultant soil cement products meet specified design criteria,
- Confirmation of the Contractor’s ability to produce the specified product

Operational matters such as waste disposal also need to be addressed.

Each trial column shall have assigned test parameters agreed with the Engineer. Construction of test columns shall be witnessed by the
Engineer. Specifications governing construction of production jet grouting shall apply to construction of test columns.

Trial columns shall be exposed by excavation to depths indicated in Contract Documentation to allow visual appraisal, dimensional and
geometric measurements and for integrity testing Trials successfully carried out as specified and accepted by the Engineer will be
measured and paid for under appropriate items and tendered rates.
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The Contractor shall backfill all excavations in layers not exceeding 150 mm with approved materials to the required compaction levels.
No separate payment will be made for such work.

No jet grouted column may be installed at a distance of less than three (3) times column diameter from any exterior point on a known
service, service duct or culvert.

The Contractor shall design his systems to comply with above requirements and shall submit his design with a comprehensive construction
method statement taking into account the outcomes of the trials to the Engineer for his approval. All materials, components and
constructional plant shall be covered.

The Contractor shall not commence with production jet grouting until the Engineer’s approval of the Contractor’s updated construction
method statement. A lead time of two weeks shall be allowed in this regard.

c) Production jet grouting

Production jet grouting shall be carried out using the same equipment, tooling, materials and procedures as for test columns and as per
approved construction method statements and works procedures developed from these trials.

Prior to commencing with production jet grouting, the Contractor shall provide the Engineer with a plan showing his proposed sequence
of jetting for his approval. Note should be taken of subsoil conditions in preparing this schedule as normal practise is to jet alternate
columns over the works area before returning to jet the remaining columns thereby allowing for strength development of jetted soilcrete
columns and reducing the possibility of cross hole interference/grout penetration. Sequencing may also involve a staged approach
whereby a strategy is determined to divide the problem area in zones for separate treatment

Jetting shall only proceed once required grout pressures are attained. Extraction shall be a continuous and not a staged operation. The
Contractor shall configure his equipment to record and continuously show all fluid flows, pressures, rotation speed, depth and extraction
rates. Extraction and rotation rates shall be automatically controlled and recorded during the entire process, by an electronic management
system.

The jetting operator shall continuously monitor spoil return and shall halt all jetting, reducing grouting pressures immediately and clear all
blockages to avoid build-up of hydraulic pressure in surrounding materials. On re-commencing jetting, the monitor shall be lowered at
least 300 mm below the stopping point.

The Contractor shall monitor the immediate area, structures and utilities for any signs of change, disturbance or damage or of cross-hole
activity/grout penetration. Similarly surface cracking, bulging or any other change shall immediately be brought to the Engineer’s attention.

If specified in Contract Documentation, the Contractor shall continuously record and plot rate of penetration during drilling of pilot holes
so that positions of different substrata may be identified. Where so specified in Contract Documentation, different soilcrete diameters shall
be constructed in different strata and/or at different positions in the soilcrete columns. Formation of wider diameter columns in the upper
portions of soilcrete columns, often referred to as mushroom heads, may also be specified in Contract Documentation. These will require
different parameters to be used.

d) Loss of hole

Where a hole is lost or abandoned due to mechanical breakdowns or failures or any other causes arising from the Contractors activities
or failure to protect the works, a new hole shall be drilled, entirely at the Contractor’s cost.

e) Reinforcement

Where reinforcement is specified, the Contractor shall install the approved reinforcement in a freshly completed column and secure its
position by approved means to ensure required inclination and cover are maintained.

f) Removal of drilling and jetting spoil
If so specified, payment will be made for removal of spoil where haul distance is in excess of free haul distance.
g) Monitoring and records

The Contractor shall, on a continuous basis monitor ground or movements of structures with sufficient accuracy to ensure that any
displacements are within specified allowable tolerances. Proposed method of monitoring shall be approved by the Engineer before any
works are commenced. Monitoring and logging of all jet grouting operations shall be done by the Contractor and these records submitted
to the Engineer before noon the following working day.

These records shall include:

- Daily records of all jet grouting positions,

- Depths of treatment,

- Start and stop times,

- All jetting parameters used,

- Details of all stoppages, breakdowns and grout injected at each position,

- Daily records of cement usages, pumping pressures and other details that may be required for measurement purposes,

- Results of routine consistency tests (flow cone, density tests as specified) carried out on all batches of grout mixed and utilised,
- Details of any holes lost or not completed due to mechanical breakdowns,

- Inadequacy of grout, air or water or any other reason and the treatment thereof,

- Any change in subsurface conditions which have, or may affect, changes in methodology or progress.

Records shall be in a format agreed with the Engineer.

A12.3.7.3 Compaction grouting
a) General

Before commencement of production operations and following successful completion of trials as detailed below, the Engineer shall provide
the Contractor with required layout, depth ranges and grouting sequence. No deviation from this shall be allowed unless instructed by the
Engineer.
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b) Trials

The Contractor shall carry out full depth trials in 500mm stages at positions indicated by the Engineer to prove adequacy of his equipment,
suitability of his operations, to establish optimum grouting parameters including pressures, pumping rates, and other site specific
parameters.

Trials successfully carried out as specified and accepted by the Engineer will be measured and paid for under appropriate items and
tendered rates.

c) Production grouting

Should grouting beneath foundations be necessary, core holes shall be drilled through these elements as indicated by the Engineer on
site. Size of core holes shall be such that appropriate casing can be inserted for subsequent drilling and grouting.

d) Testing

Where specified in Contract Documentation or as instructed by the Engineer, suitable tests to prove depth and efficacy of ground
improvement shall be undertaken. These may include:

- Cone penetration testing or Dutch Cone (CPT), Cone penetration testing undrained (CPTU) or Piezocone,
- Standard Penetration Test (SPT), Dynamic Probe Super Heavy (DPSH) and Dynamic Probe Light (DPL),
- Pressuremeter Test (PMT),

- Continuous Surface Wave testing (CSW),

- Dynamic Cone Penetrometer (DCP)

- Plate Load Testing (PLT).

e) Advancing casing

Casings shall be drilled/ driven to depths instructed by the Engineer. Once the casing is advanced to required depth, it will be withdrawn
some 250 mm.

f) Compaction grout injection

Grout hoses shall be connected to casings and grout pumped through these. Incremental pumping rates shall be <50kPa/minute. Careful
monitoring of grout take and pressure shall be carried out at all times to determine final grout injection pressure of < 4MPa. Actual pressure
required shall however be that finally assessed by the Engineer to ensure that degree of improvement specified, is achieved, without lifting
foundations or ground surface beyond limits specified in the Contract Documentation. Once final grouting pressure is reached and required
compaction achieved, casings shall be lifted 500 mm and the procedure repeated. This upstage grouting shall be continued to underside
of footings or specified near-ground surface, after which casings will be withdrawn. After completion of grouting at a particular borehole,
all grout spilled on surface shall be removed. Each borehole shall be defined as one set-up station irrespective of number of grouting
stages executed.

g) Cautions

The Contractor shall immediately inform the Engineer of any change in subsurface conditions which have or may affect changes in
methodology or progress. The works shall temporarily be stopped, and the Engineer immediately informed should any unacceptable
consequence resulting from the injection process such as uplift of structures or heave of surrounding, area be observed.

h) Monitoring and records
Monitoring and logging of all compaction grouting operations shall be carried out by the Contractor. These records shall include:

- Daily records of all compaction grouting positions, depths of treatment, start and stop times, pressures, details of all stoppages,
breakdowns and volume of grout injected at each position,

- Results of process control slump and cube strength tests,

- Details of any holes lost or not completed due to mechanical breakdowns, inadequacy of grout, air or water supply or any other
reason and proposed remedy/-ies,

- Records shall be submitted to the Engineer before noon the following working day.

A12.3.7.4 Dynamic Compaction (DC)

a) General

Prior to and during operations, vibration monitoring equipment, described in Clause A12.3.8.5a)(ii) is required on site to measure vibrations
at adjacent infrastructure and services, which could potentially be affected by vibrations resulting from dynamic compaction of materials.

A condition survey of the site and any surrounding structures shall be carried out as described in Clause A12.3.8.5a)(i) prior to
commencement of operations and thereafter on a weekly basis until completion of works, including final vibratory rolling with a final
evaluation 2 weeks thereafter.

The DC process involves repeated lifting and dropping of pounders on a compaction point. Initial spacing for primary compaction points
shall be shown on drawings.

b) Trials

Trials and field tests shall be conducted on site to determine number of blows required to achieve target/specified density and/or stiffness
at each compaction point and to verify initial spacing for primary compaction points. These may comprise DCP, SPT, DPSH, CSW, PMT
and plate load testing (PLT) as specified and approved by the Engineer. Energy inputs per unit volume shall be determined for
consideration and acceptance by the Engineer. Trials successfully carried out as specified and accepted by the Engineer will be measured
and paid for under appropriate items and tendered rates.

c) Construction process
(i) Normal construction

Initial spacing for primary compaction points shall be indicated in Contract Documentation (typically 6,0 m) but shall be
confirmed via field trials.
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Compaction is carried out in three different phases; primary, secondary and an ironing process. Compaction of deepest layers
is achieved with the primary phase. The secondary phase addresses compaction mainly in intermediate layers, while the
ironing process ensures overlapping of initial phases by compacting shallow layers between initial compaction points.

Once the primary phase is complete, work proceeds on secondary phase points. These are positioned midway between
primary phase points.

The final ironing phase of the treated area is aimed at compacting the upper 2,0-3,0 m and achieving a relatively flat, well-
compacted surface. In this phase drop heights are usually limited to 4,0-8,0 m.

After completion of the test phase the Engineer shall determine if performance parameters specified were obtained and if not
whether further works are required.

In certain ground conditions the Engineer may instruct pre-wetting (not to saturation) to facilitate the process. However, in
saturated or near-saturated conditions, pore-water pressure increases with each blow of the pounder. As it becomes
excessive, the pounder has little compacting effect as blows are cushioned by pore water. Slow pore water pressure
dissipation may delay completion of the works. In this eventuality, the Engineer may instruct the Contractor to:

- Modify installation procedure by including a wait period,
- Install vertical drains or,
- Construct stone columns at certain positions or intervals
to facilitate this excess pore water pressure dissipation.
(i)  Dynamic compaction with stone columns/Dynamic replacement

If stone columns are specified, then the compaction process in carried out adding stone as penetration is achieved until
“bulking” or surface-rise around imprint, is observed. No further compaction shall thereafter be required as this condition is
indicative of the full depth being reached.

d) Monitoring and records

Monitoring and logging of all dynamic compaction operations shall be done by the Contractor and records shall be submitted to the
Engineer before noon the following working day. These records shall include per treatment point:

- Phase, energy expended, penetration achieved per blow,

- Amount of dumprock used and,

- Any other relevant data which may be required in deriving deformation modulus or stiffness of treated substrata.
A typical record may be as shown in Figure A12.3.7-1.

Figure A12.3.7-1: Typical work pattern

1 1
Tamper 18.2 Mg
2 Drops 6 from 29.0 m
4.6m
working mat 0.9m
1 1
4.6m
Phase 1, 2 passes E= 3.12MJ/ m?
Phase 2, 2 passes E= 3.12MJ/ m?
Ironing pass E= 0.42 MJ / m?
E = 6.66MJ /m?
Unit Energy == 6.66MJ / m? E=0.73MJ/m? = 1.2 Std Proctor
9.154 m
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A12.3.7.5 Rapid Impact Compaction (RIC)

a) General

Positions of RIC points are indicated on drawings. RIC points shall be set out to a tolerance of + 200 mm. If only RIC without stone
columns and a 5-point grid is specified (4 on the outer edges and one in the middle) then impact compaction shall start with the centre
point of the 5 position grid, followed thereafter with the 4 perimeter compaction points. If 3- or 4-point grids are specified, the order is not
prescribed but planning is necessary to ensure all points are accessible in one sequence.

b) Trials

Trials shall be conducted on site and field tests carried out to determine number of blows required to achieve target/specified bearing
capacity and/or stiffness at each compaction point and to verify initial spacing for primary compaction points. These may comprise DCP,
SPT, DPSH, CSW and PLT as specified and approved by the Engineer. Positions of testing shall be agreed with the Engineer.

Trials successfully carried out as specified and accepted by the Engineer will be measured and paid for under appropriate items and
tendered rates.

c) Construction process
(i)  Without stone columns

The compaction process involves repeated lifting and dropping of the pounder on a compaction point. Specified number of
blows or end limit condition should be applied to each RIC point in turn, before moving to the next point. Where frames for
RIC machines only allow limited depth impact (usually around 1 m) and the end condition is not reached at the depth limit, the
imprint shall be filled with G7 material and re-pounded. This pounding will continue until a set of less than 10 mm/blow is
achieved on in-cab instrumentation.

Where specified in Contract Documentation, the Contractor shall construct a capping or compacted soil raft over the treated
area to the criteria specified. Where applicable imprints/craters shall be backfilled with G7 material as approved by the
Engineer, ripped to a depth of 500 mm and compacted to specified density with a padfoot roller with greater than 300kN
centrifugal force, operating in high amplitude mode at a speed less than 0,5 m/sec. This ensures a homogeneous upper
layer.

(i)  Stone columns

If stone columns are specified in soft material then the compaction process in carried out adding stone as progress is achieved
until “bulking” or rise of the surface around the imprint, is observed. No further compaction shall thereafter be required as this
condition is indicative of full depth being reached.

d) Monitoring and records

- Monitoring and logging of all RIC operations shall be conducted by the Contractor and the records shall be submitted to the Engineer
before noon the following working day. Records shall include per treatment point:

- Number of blows imparted, energy expended, penetration achieved per blow,

- Amount of dumprock used and,

- Any other relevant data which may be required in deriving deformation modulus or stiffness of treated substrata,

- Testing carried out.

A12.3.7.6 Vibration compaction
a) General
Vibration compaction is the generic term given to two processes, namely vibro-compaction and vibro-replacement.

Treatment areas shall be indicated on drawings and Contract Documentation and shall extend beyond the treatment area by 0.1D where
D = treatment depth.

b) Trials

Optimal spacing of compaction points and treatment parameters shall be determined from trials carried out on site, monitoring soil
strengths pre-and post-treatment across depth range and at varying distances from treatment axis by carrying out in situ tests using
preferably CSW but in the event this is not available, CPT, SPT, DPSH, PMT and PLT.

Trials successfully carried out as specified and accepted by the Engineer will be measured and paid for under appropriate items and
tendered rates.

c) Vibro-compaction

The vibrator assemblage is placed in position, vibrator set in motion and water jet/s activated. The crane lowers the vibrator, maintaining
a vertical orientation. When the probe reaches full depth lower water jets are shut off and vibrator is slowly raised and lowered into soil
which flows into the cavity created. Density of in situ soil is measured using power input (via electric current or hydraulic pressure) as an
index. As material densifies, the vibrator requires more power to continue vibrating at which point an ammeter or pressure gauge displays
a peak in required power.

Raising and lowering is continued in a repetitive cycle as the vibrator is gradually withdrawn in lifts with compaction ensuing until peak
amperage or hydraulic pressure is again reached.

Water jet flow shall be controlled and cut-off when free water reaches surface.
During penetration the following are recorded:

- Depth,
- Penetration rate,
- Withdrawal rate,
- Probe location,
- Volume of added backfill,
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- Backfill gradation,

- Ammeter or hydraulic pressure peak, and vibrator assemblage operating frequency.

The upper approximately one metre of soil will not be sufficiently compacted and shall be either removed or compacted by other means
as approved by the Engineer to a density specified in Contract Documentation.

On completion of vibratory compaction activities, densities or other values shall be monitored to ensure specified levels of compaction
were achieved.

d) Vibro-replacement

To create a vibro-replacement column, the oscillating vibrator with its extension tubes sinks rapidly into soil under its own weight, aided
by compressed air and a pull-down facility from a winch. Stone is supplied through a stone tube to vibrator tip with assistance of
compressed air. By moving the vibrator slowly up and down and by vibrations of the machine itself, supplied stone material is pressed into
the existing soil. This process is repeated in short steps up to ground level, leaving, on completion, a compacted stone column surrounded
by soil material of enhanced density. The stone column and the in-situ soil form an integrated system having low compressibility and high
shear strength. Excess pore water pressure easily dissipates through stone columns simultaneously acting as drains.

Vibro-replacement columns installed by the wet method are typically designed to reach diameters between 0,6 and 0,8 m. Based on soil
properties pre-drilling might be necessary. Degree of improvement (settlement reduction and increased shear strength) achieved by vibro-
replacement depends on soils being treated, diameters of stone column installed and installation spacing. Spacing between stone columns
is determined in accordance with design criteria and in situ soil conditions. It typically ranges between 1,5 and 3,0 m.

Crushed stone is fed into the crater formed around the vibrator and a column of crushed stone is formed as the vibrator is cyclically raised
and lowered as the probe is gradually withdrawn. Columns of up to 1,0 m can be created at spacings in the order of 1,5 m to 3,0 m as
determined by field trials.

The upper 1,0-1,5 m of the soil profile generally requires additional compaction utilising conventional compaction methods and equipment
to achieve specified density.

The Engineer may stop the works if it is evident that desired density improvements are not being achieved and shall instruct the Contractor
as to what steps are required to achieve desired results.

e) Monitoring and records

Monitoring and logging of all vibration compaction operations shall be conducted by the Contractor and records submitted to the Engineer
before noon the following working day.

The records shall include:

- Date, time and weather conditions,

- Plant and equipment utilised,

- Number of treatments successfully completed,

- Comments on progress achieved and any snags,

- Stoppages and breakdowns,

- For each treatment carried out, penetration depth, penetration rate, withdrawal rate, probe location,

- Volume of added backfill, backfill gradation, ammeter or hydraulic pressure, Peak, and operating vibrator-frequency.
Trend charts shall also be prepared and presented to the Engineer together with daily reports/records.

A12.3.7.7 Underpinning

a) General

Underpinning, as directed by the Engineer, shall be undertaken as specified or instructed in the Contract Documentation. Underpinning
support may be provided by:

- Provision of temporary support to an existing structure,

- Removing existing footings and replacement thereof with new footings of greater bearing capacity, followed by removal of the
temporary support,

- Excavation beneath sections of existing foundations; constructing new footings of greater bearing capacity and ensuring load transfer
to new footings, with or without preloading of the new construction,

- Excavation under existing foundations, jacking in piles and ensuring load transfer to new piles, with or without preloading,

- Installing piles alongside existing foundations and casting new sections of footings keyed into existing foundations,

- Constructing new foundations adjacent to existing, with or without piles, and transferring load to these foundations by means of
additional columns or similar structural members or other unification measures.

- Installing piles through existing foundations and keying pile heads into existing foundation,

- Drilling small diameter holes (150—-250 mm in diameter ) through existing foundations and constructing micropiles beneath these
foundations,

- Drilling small diameter holes (approx. 250 mm diameter) through existing foundations and installing jet grouted columns beneath
existing foundations,

- Drilling micro-holes (less than 30 mm diameter) through existing foundations and pumping under high pressures quick setting resins;
silica’s or other chemicals, or,

- Jet grouting or Compaction grouting through existing foundations as detailed in these specifications.

b) Process

Underpinning methods shall be specified in Contract Documentation and relevant specifications in various sections of this document shall
be applicable unless otherwise indicated.

c) Monitoring and Records

Monitoring and logging of all excavation, demolition, foundation compaction, reinforced concrete construction (all facets), drilling, piling
and all other activities carried out in executing underpinning shall be carried out by the Contractor. These shall include:

- Daily records of all underpinning activities,
- Positions,
- Depths of treatment,
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- Start

and stop times,

- Details of all stoppages, breakdowns and volume of grout injected at each position,

- Results of process control tests on materials,

- Details of any works not completed due to mechanical breakdowns, inadequacy of materials, grout, air or water supply or any other
reason and proposed remedy/remedies

The following data on each pile installed shall be recorded in a form prescribed by the Engineer:

- Effort used for driving pile and resistance to penetration at founding level,

- Description of subsurface material,

- Presence of ground water and quality of material at pile tip founding,

- Quality of materials used in construction or manufacture of pile,

- Quality of permanent casing used,

- Method of placing and compacting concrete as well as volume in cast in situ piles,
- Method of founding of piles e.g. bulbous bases, rock sockets, etc, and their dimensions
- Maximum working load of pile,

- Length of pile and accuracy of installation in respect of position and inclination,

- Nominal dimensions and type of pile,

- Length and details of any temporary and permanent casings used.

Records s

hall be submitted to the Engineer before noon the following working day.

A12.3.7.8 Preload monitoring

a)

(i

(i)

(iii)

(iv)

v)

b)
(i

General
Method statements

The Contractor shall provide method statements for installation and operation of monitoring instruments specified in the
Contract Documentation two weeks prior to programmed installation. These statements shall cover all requirements given in
these specifications plus those included in the Contract Documentation.

Labelling and marking

All instruments shall be labelled with their reference number at locations where readings are taken as specified in the Contract
Documentation. Positions of all cabling and tubing shall also be indicated and methods/means approved by the Engineer to
avoid damage by later borehole drilling and/or drain installations.

Protection

The Contractor shall take all necessary precautions to protect installed instruments and shall maintain them in good working
order after installation. All instruments above ground shall be protected from vehicular damage by visible barriers for a
distance of 750 mm around each instrument. Heavy equipment shall not approach within 1,5 m from such instrument.

Frequencies

Frequency of measurements for each instrument shall be as specified in the Contract Documentation. Such intervals shall
be adjusted by the Engineer according to progress and time lapse.

Readings

Readings and plots of recorded readings from installed instrumentation at specified intervals shall be provided to the Engineer
on each occasion. The format shall be approved by the Engineer at least two weeks before readings commence.

Settlement monitoring
Settlement monitoring by survey methods

Unless otherwise specified, a stable benchmark shall be provided by the Engineer from which settlement shall be measured
via survey. The positions shall be indicated on the drawings. Where the Contractor is required to provide such he shall agree
suitable locations with the Engineer and arrange for the construction of the benchmark and survey thereof by a registered
land surveyor. No separate payment will be made for such work and the costs thereof shall be deemed to be included in his
rates for establishment.

The Contractor shall install rod settlement gauges at locations specified by the Engineer as work proceeds. Base plates and
first rod lengths shall be placed before significant filling is commenced and extension lengths installed as filling proceeds.
Where settlement rods are damaged or not extended timeously, the Contractor shall cease works in the vicinity of gauges
until remedial works are carried out. The Contractor shall be liable for any delay in programme or for additional works
necessitated thereby. Where any settlement rod is irreparably damaged the Engineer shall assess the settlements recorded
for measurement purposes and this action shall be accepted by the Contractor.

Settlement gauges shall be monitored by precise levelling, accurate to + 1 mm with levels taken at top of rod and fill adjacent
to the rod. When rods are extended, levels shall be taken before and after adding extensions.

Readings to be taken shall be as specified in the Contract Documentation and shall include:
- Displacement from survey point (as specified),

- Survey station coordinates and reduced level,

- Reduced level of rod gauge,

- Original ground level at gauge,

- Reduced level of ground at gauge,

- Record of fill placed,
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(ii)

c)

(i

d)
(i

(i)

- Thickness of fill placed,
- Settlement of plate relative to base-and previous readings.
Settlement monitoring with magnetic extensometers

Magnetic extensometers provide a means of measuring settlement or heave at a point or at a series of points beneath the
surface. Extendable access tubes are installed in predrilled holes. A datum ring magnet is installed some 2 m from lower end
of tube. Spider magnets temporarily held in place along the tube are used within the subsoil. Plate magnets within the fill can
be placed during construction. Once in position the spider magnets are released. The hole is backfilled with a bentonite:
cement mix of strength equivalent to the surrounding material.

Readout devices shall consist of a nickel-plated brass probe containing a reed switch encapsulated in silicone rubber. The
probe shall be connected via a nylon coated steel tape to a reel buzzer. All instruments and ancillary equipment shall be
approved by the Engineer before being used.

Combined inclinometers and magnetic extensometers, which provide means for measuring both vertical settlement and
horizontal displacement at a series of points below ground surface, may be considered by the Engineer.

Readings to be taken shall be as specified in the Contract Documentation and shall include:

- Reduced level of top of access extensometers,

- Reduced level of ground adjacent to access tube,

- Distance to each magnet from top of tube,

- Reduced level of each magnet,

- Settlement of each magnet relative to base readings.

Slope stability monitoring

Inclinometers.

The Contractor shall install inclinometer monitoring systems at specified locations as indicated on the drawings. The tubing
shall be fitted with a watertight end cap and in installing the tubing. Joins shall be secured with rivets and coated in sealing
mastic before being wrapped in sealing tape. The orientation required shall be ascertained prior to installation and shall be
maintained at all times. Where the tubing is located in compressible materials it shall be coated with approved grease. The
annulus between the tubing and the hole walls shall be backfilled with a bentonite/cement grout as specified in the Contract
Documentation. Prior to taking any readings, the level of the top of inclinometer tubing shall be recorded. The inclinometer
torpedo is lowered to the base of the tubing and slowly raised, pausing to take readings every 0,5 m until the torpedo reaches
the surface/top. The procedure is repeated centering the torpedo in the keyways 900 to the first set. Processing of data on
the digital readouts shall be done according to the manufacturer’s instructions and supplied software.

Readings to be taken shall be as specified in the Contract Documentation and shall include:

- Level of tube top,

- Ground level adjacent to tube-top,

- Horizontal movements of top of tube from survey,

- List of deflections and graph showing horizontal movements relative to base readings,
- Fill height.

Stability monitoring

Pore water pressure monitoring - Standpipe piezometers

Where specified, standpipe piezometers, as detailed in the Contract Documentation shall be installed at the locations shown
on the drawings or as may be instructed by the Engineer. The piezometers are installed in predrilled boreholes. The positioning
of the porous element shall be as specified or instructed by the Engineer and filter sand shall be placed in the annulus between
the piezometer tube and borehole sidewalls to required position of the element.

The elevation of the porous element shall be recorded. Further filling with filter sand shall be carried out to generate the
required cover. The top level of the sand shall be determined. Seals comprising bentonite pellets shall be placed above and,
if necessary, below the sand filter. The remainder of the hole shall be filled with bentonite cement grout.

Unless otherwise specified, the piezometer shall exit within a 1,5 m, 100 mm @ standpipe set in a 400x400x300 mm concrete
block, cast 100 mm proud of the ground surface.

Readings to be taken shall be as specified in the Contract Documentation and shall include:

- Date,

- Level of tube top,

- Ground level,

- Depth of water from top of tube,
- Water pressure,

- Change in water head

Pore water pressure monitoring - Pneumatic piezometers

The Contractor shall install Pneumatic piezometers sat depths and locations as specified. The arrangements of the equipment
shall be as shown on the drawings.

Prior to installation the piezometer tip and flow and return tubing shall be pressure tested as specified in the Contract
Documentation to check for leaks. The borehole in which the piezometer is to be installed shall be terminated 0,3 m above
the required tip position. The piezometer with connected tubing is then pushed into the base of the borehole to the required
depth and the borehole is sealed with bentonite pellets and bentonite: cement grout as specified. The cables and tubes shall
be laid in trenches backfilled with sand from the hole position to the terminal panel and backfilled with sand, all as shown on
the drawings. The colour coding ensures that the flow and return tubes are connected correctly Readings shall be taken and
stored on the readout device.

Readings to be taken shall be as specified in the Contract Documentation and shall include:
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- Date,

- Level of installed piezometer head,
- Water pressure,

- Water head,

- Change in water head (m)

(iii)  Soil pressures/loads

Load cells shall be installed as per the manufacturer’s instructions at positions specified and as may be instructed by the
Engineer. The tubing and/or cabling connecting the load cells shall be placed in trenches and backfilled with sand. The
positioning and protection of the readout units shall be agreed with the Engineer.

Readings to be taken shall be as specified in the Contract Documentation and shall include:

- Date of reading,

- As installed level of load cell,

- Pressure/ loading,

- Changes in pressure/ loading (kPa)

(iv) Installation Reports
The Contractor shall submit an installation report once installation of all instruments is completed which shall include:

- All base readings,
- Plans indicating locations, elevations and other specified data,
- Photographs of all instruments and recording units.

e) Monitoring and records

The Contractor shall submit reports at intervals specified in a format approved by the Engineer at least two weeks prior to initial-report
submission. Each report shall include a description of works in operation, observations and data tabulations and/or plots from date of
installation to present for all installed instruments, as specified in the Contract Documentation.

A12.3.7.9 Basal reinforcement
This section covers the supply, installation and testing of basal reinforcement of embankments. The construction of basal reinforcement
shall be carried out in accordance with SANS 54475. In particular the following shall be adhered to:

a) Transport and storage

Basal reinforcing elements shall be transported and stored as per the manufacturer's recommendations and as may be specified in the
Contract Documentation. Damaged materials shall be removed from site and replaced with new materials.

b) Surface preparation

Prior to placement of the specified geosynthetic installation, an area 1m wider than the structure to be supported shall be prepared by
ripping the in situ material to 200 mm depth and re-compacting to greater than 88 % Maximum Dry Density (MDD) as per SANS 3001 at
a moisture content of 0 to plus 2 % of the optimum. Unless otherwise specified compaction shall be carried out using a vibrating padfoot
roller of at least 300kN centrifugal force, operating in high amplitude mode at a speed not exceeding 0,5 m/sec. Unless otherwise specified
or ordered by the Engineer at least 15 passes with a 300mm overlap shall be carried out. Payment for this work shall be made under ltem
C5.1.5.2 of Chapter 5.

Placement of geosynthetic

The geosynthetic shall be placed over the area and tensioned so that it is free of kinks and folds. Subsequent layers of geosynthetic shall
be overlapped in the length by 500 mm and the overlap shall be filled with overlap sand to a minimum thickness of 20 mm. Where two
rolls are joined end to end, the overlap distance shall be greater than 2 m and shall also filled with overlap sand to a minimum thickness
of 20 mm. The ends of the geosynthetic shall exit the undercut by a minimum of 1m.

c) Placement of protection layer

A 125 mm loose layer of G8 or better quality material shall be placed over the geosynthetic to act as a protection layer by end -tipping so
that construction traffic does not travel directly on the geosynthetic. Further fill construction can be carried out by conventional means
unless otherwise specified.

A12.3.8 WORKMANSHIP
A12.3.8.1 General

The Engineer will conduct routine inspections and tests to determine whether the workmanship provided complies with the requirements
of this section. Test results and measurements will be assessed in accordance with provisions of Clause A20.1.7 of Chapter 20 as
specified in the Contract Documentation.

The Contractor, however, shall carry out all necessary process control measures required in terms of Clause A1.2.8.1 in Chapter 1 as
indicated in the approved Quality Assurance Plan and as may be specified in the Contract Documentation.

A12.3.8.2 Geotechnical grouting

The following approved quality control measures shall be carried out as may be applicable and as may be specified in the Contract
Documentation:

a) Tests on completed works

- UCS testing on extracted cores,
- Water acceptance pressure tests (lugeon tests)
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Any other
b)
(i

(ii)

(iii)

c)

tests as may be prescribed in the Contract Documentation.
Tests on fresh cementitious grout
Consistency

Viscosity consistency of each batch of cementitious grouting shall be tested with the flow cone ( Clause A20.1.5.6 b)(iv)) of
Chapter 20.

Density

The Engineer may require that density of each batch of cementitious grout be tested with an approved grout hydrometer to
measure specific gravity (or relative density) of the cementitious grout. Ranges in values shall be determined as works
proceed and shall be monitored for fluctuations.

Strength Testing

During batching of cementitious grout, 100 mm cubes shall be made, cured and tested in accordance with SANS 3001-CO11at
frequencies specified in Contract Documentation. Three cubes are required per test.

Consistency and density tests on freshly batched grout mixes are considered as process control by the Contractor and no
separate payment will be made for ongoing testing of grout using these methods.

Acceptance Criteria

Grouting acceptance or rejection shall be based on the Contractor’s ability to achieve specified criteria which may include:

- Specified permeability,
- Grout consistency,
- 28 day characteristic strength of grout cubes,

- ucs

results on cores.

Results of strength tests on grout shall be assessed according to Clause A20.1.7.5b)(ii) (Judgement Plan B) of Chapter 20 of these
specifications. If these criteria are not obtained, the Engineer may instruct that additional grouting shall be undertaken until compliance
with is achieved.

A12.3.8.3 Jet grouting

The following approved quality control measures shall be carried out as may be applicable and as may be specified in Contract
Documentation.

a)

- ucs

Soilcrete columns

Testing of 100 mm drilled cores from constructed soilcrete columns,

- Coring down the centre of constructed columns and UCS testing of selected core lengths,
- Compressive strength tests on 100 mm cubes made from jetting spoil return,
- Any other tests as may be prescribed in the Contract Documentation

b)
(i

(ii)

(iii)

(iv)

c)

Cementitious grout
Consistency:

Consistency of each batch of cementitious grouting shall be tested for consistency with the Flow Cone (/COTO Clause
A20.1.5.6 b)(iv)) and an approved grout hydrometer to measure specific gravity (or relative density) of cementitious grout and
drilling fluids. Ranges in values shall be determined as works proceed and any significant variation from moving average shall
immediately be investigated and brought to attention of the Engineer.

Strength testing - grout cubes

During batching of cementitious grout, 100 mm cubes shall be made, cured and tested in accordance with SANS 3001-CO11at
frequencies specified in the Contract Documentation. Three cubes are required per test.

Strength testing - return grout cubes
These shall be made at a rate of one cube for each column as an indication of soilcrete mix strength in the column.
Evaluation of exposed soilcrete columns

The Engineer shall direct which columns are to be exposed for uniformity and diameter measurements and further testing.
Such testing may comprise coring 100 mm diameter cores from top or exposed sides of exposed columns.

Where specified, full length coring of completed columns shall be carried out, utilising appropriate, approved equipment, bits
and core barrels of size indicated. Testing of selected core lengths required to prove strength of constructed soilcrete columns.

Where soil cement structures such as walls of various types (secant wall, contiguous walls, etc) are required for water control
purposes, borehole permeability tests may be specified in the Contract Documentation.

Acceptance Criteria

Characteristic strength of the grout shall be as specified in the Contract Documentation. Results of strength tests on grout shall be

assessed

according to Clause A20.1.7.5 b) (ii) (Judgement Plan B) in Chapter 20 of these specifications.

A12.3.8.4 Compaction grouting

a)

General

The following approved quality control measures shall be carried out as may be applicable and as may be specified in the Contract
Documentation.
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b) Tests on completed works
Degree of compaction of soil achieved between adjacent grout holes will be measured by way of either:

- CPT, CPTu, Piezocone, or
- SPT, DPSH and DPL, or

- PMT, or

- CSW tests,

- PLT.

c) Tests on Grout
(i)  Slump
Workability of each batch shall be tested with a slump cone.
(i) Strength
During the course of batching, 100 mm cubes shall be made, cured and tested in accordance with SANS 3001-CO11.

Slump and strength tests are considered as process control by the Contractor and no separate payment will be made for
these tests. Results of strength tests on grout shall be assessed according to Clause A20.1.7.5b)(ii) (Judgement Plan B) of
Chapter 20.

d) Acceptance Criteria

Acceptance or rejection shall be based on the Contractor’s ability to achieve project specification criteria, which may include: slump and
strength requirements, SPT, DPSH, DPL, Piezocone, CPT, CPTu, PMT, CSW and PLT.

If these criteria are not obtained, the Engineer may instruct that additional grouting be undertaken until compliance is achieved. If non-
compliance is attributable to the Contractor, no payment shall be made for additional work.

A12.3.8.5 Dynamic and rapid impact compaction
a) General

The following approved quality control measures shall be carried out as may be applicable and as may be specified in the Contract
Documentation

(i) Condition survey

The Contractor shall carry out a condition survey of the site, and any surrounding structures which could be affected by
vibrations resultant from dynamic compaction process before any earthworks or dynamic or rapid impact compaction is
performed. This survey will take the form of a checklist and electronic photographic record drawn up by the Contractor and
approved by the Engineer. Checks shall subsequently be conducted on a weekly basis until completion of stone columns/in
situ imprints and vibratory rolling and a final evaluation 2 weeks thereafter. The cost of carrying out this survey is deemed to
be to be included in the Contractor’s rates and no separate payment will be made for this work.

(i) Vibration monitoring

Continuous vibration monitoring during the duration of the contract shall be carried out. The Engineer will direct placement of
equipment. A back-up instrument shall be provided on site. These instruments shall be capable of measuring vibration
response in three mutually perpendicular directions, vertically, radially and transversally (the latter two in the horizontal
direction), to an accuracy of 0,01 g. The Contractor shall process or have results processed by an approved
organisation/person to provide the Engineer with acceleration and peak particle velocity responses both in graphic and
numeric format. The cost of continuous monitoring of vibrations resultant from dynamic compaction process is deemed to be
included in the Contractor’s rates and no separate payment will be made for this work.

A Peak Particle Velocity (PPV) of less than 25 mm/sec shall apply, unless otherwise specified in the Contract Documentation.
b) Testing
(i)  Plate load tests

Plate load tests shall be conducted on top of installed stone columns or compacted points backfilled as specified or as directed
by the Engineer.

Unless otherwise specified in the Contract Documentation, a suitably stiff plate of diameter greater than 600 mm, approved
by the Engineer, shall be used with the reaction provided by the ram compaction excavator under the following conditions:

- Maximum plate stress of 500kPa,

- An unload/reload cycle at 50 % of maximum stress,

- A minimum deformation modulus of the stone column (derived from the unload/reload cycle of the plate load test) of
E=50MPa.

The analysis method of Wrench (1984/85) shall be used in derivation of deformation modulus.

(i) Continuous Surface Wave tests (CSW)

As directed by the Engineer or as specified in the Contract Documentation, CSW testing shall be conducted to depths as
indicated in the Contract Documentation after DC and RIC. Tests shall be carried out after finishing off of the treated area as
specified (backfilling of craters or earthworks and rolling by vibrating padfoot compaction).

To ensure efficacy of compaction, minimum Vs-value recorded in CSW tests at depths greater than0,5 m shall be greater
than>160 m/sec.
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(iii) Dynamic Cone Penetrometer tests (DCP).

If CSW testing is not possible, the top 2,0 m of compaction shall be measured immediately after final compaction using a 2,0
m DCP. No single point in the 2,0 m deep profile shall indicate an in-situ CBR value of less than 22 (approximately 10
mm/blow).

Any positions outside the above range will be deemed to represent non-compliance and no payment will be made for that
portion of the work.

(iv) DPSH

The DPSH can be used to obtain an empirical indication of the consistency of the soil profile providing a comparison
between conditions prior to- and after treatment.

c) Construction limitations

Surrounding structures and services, both above- and underground could be affected by vibrations resultant from DC/RIC processes.
Measures shall be taken by the Contractor on an ongoing basis to limit within tolerable levels, the extent of vibrations resultant from the
works in order to prevent damage to such structures and/or services. See Clause A12.3.8.4.

A12.3.8.6 Vibration compaction
a) General

On completion of vibration compaction, overall stiffness at various positions shall be checked via CSW testing. If this is not feasible CPT,
DPSH, PMT or PLT as directed by the Engineer will be used to ensure target compaction is achieved.

A12.3.8.7 Underpinning

Requirements under the various methods used for underpinning of structures as specified in relevant chapters and sections of these
specifications shall apply.

A12.3.8.8 Preload monitoring

The Contractor shall test all instrumentation before installing in/below embankment fills to be constructed. Instruments shall further be
tested immediately after installation and functioning of each shall be demonstrated to the Engineer including the recording of measured
values using appropriate readout devices. As part of commissioning, three sets of base readings shall be taken. The Contractor shall
rectify any defective instrument before proceeding with works post installation.

A12.3.8.9 Basal reinforcement

The geosynthetic supplier shall submit results of the long term strength the determinations including the stress/strain and long term creep
characteristics of the geosynthetics proposed for use/supplied for soil reinforcement in terms of the guidelines in SATR20432.
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B12.3 GROUND IMPROVEMENT

PART B: LABOUR ENHANCEMENT

CONTENTS

B12.3.1
B12.3.2
B12.3.3
B12.3.4
B12.3.5
B12.3.6
B12.3.7
B12.3.8

B12.3.1

SCOPE

DEFINITIONS

GENERAL

DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS
MATERIALS

CONSTRUCTION EQUIPMENT

EXECUTION OF THE WORKS

WORKMANSHIP

SCOPE

The provisions of Part A shall apply.

B12.3.2

DEFINITIONS

The provisions of Part A shall apply.

B12.3.3

GENERAL

The provisions of Part A shall apply.

B12.3.4

DESIGN BY CONTRACTOR/PERFORMANCE BASED SYSTEMS

The provisions of Part A shall apply.

B12.3.5

MATERIALS

The provisions of Part A shall apply.

B12.3.6

CONSTRUCTION EQUIPMENT

The provisions of Part A shall apply.

B12.3.7

EXECUTION OF THE WORKS

The provisions of Part A shall apply.

B12.3.8

WORKMANSHIP

The provisions of Part A shall apply.
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C12.3 GROUND IMPROVEMENT

PART C: MEASUREMENT AND PAYMENT

(i) Preamble

The tendered rate for each pay item shall include full compensation for providing, operating, maintaining and decommissioning upon
completion, of all the construction equipment, labour, tools, incidentals and supervision to carry out the activity or construct the works in
the pay item as specified, unless otherwise stated.

Any prime cost or provisional sums shall be paid in accordance with the provisions of the conditions of contract. The charge or mark-up
tendered or allowed for is a percentage of the amount actually paid under the prime cost or provisional sum. This percentage shall
cover all the Contractor’'s handling, supervision, profit and liability costs to provide the services in the prime cost or provisional sum item.

The requirements of Clauses C1.1.1, C1.1.2 and C1.1.3 of Chapter 1 shall apply.

Where pay item descriptions include any wording in brackets it is an indication that contract specific information is to be inserted in the
Pricing Schedule included in the Contract Documentation.

(ii) Notes on measurement and pay Items

1. Unless otherwise ordered or stated in the Contract Documentation, trench depths will be measured from the surface of the ground along
the centre-line of the trench to the bottom of the specified bedding layer (as applicable). Where no bedding is required it shall be
measured to the underside of the duct or pipe.

2. The ground surface will be that existing after any bulk earthworks have been carried out, i.e. the excavated surface or embankment
surface, unless a different sequence of execution has been ordered.

3. Excavations will be measured as if taken out with vertical sides, regardless of whether they have been taken out with sloping sides.

4.  The length used for trench computations will be the total through-length of a pipe or duct etc. from end to end and no deduction will be
made for manholes or access chambers etc.

5. Wherever volumetric measurement is required, the volume will be computed from the depth determined as indicated in 1. and 2. above
and using the authorised width (W) determined in accordance with the specification.

6. Where shoring is specified or ordered, the length of shoring measured for payment will be the length of the centre-line of the trench.

(iii) Items that will not be measured separately

The following activities, whether required to complete the specified work or not, will not be measured and paid for separately and the
Contractor shall include the cost thereof in other pay items as the Contractor deems appropriate:

1. No separate payment will be made for backfilling excess excavations, disposing of surplus material etc. or any other contingent work,
unless the work is specifically specified or ordered.

2. No separate payment will be made for the protection or repair as required of any existing or new road furniture, structures, buildings,
infrastructure or services damaged by the Contractor’s activities and for complying with all the requirements of Clause A2.1.3.4.

3. No additional payment shall be made, nor shall any claim for additional payment be considered, for any specified work in confined or
restricted areas. Any additional costs associated with working in confined or restricted areas shall be deemed to be included in the
standard applicable pay items.

4. No separate payment will be made for the loading of any materials.

5.  No separate payment will be made for the hauling of any materials where the material is moved over a distance of less than, and up to,
1,0 km.

6. No separate payment will be made for transporting materials from commercial sources irrespective of the haul distance.

7. No separate payment will be made for the removal of any surplus material imported to complete the works.

(iv) Items to be measured and paid for using items specified elsewhere in the specifications

None

(v) Items specifically for this section of the specification

Item Description Unit

C12.31 Site Establishment
C12.3.1.1  Geotechnical Grouting lump sum
C12.3.1.2 Jet Grouting lump sum
C12.3.1.3 Compaction Grouting lump sum
C12.3.1.4 Dynamic compaction lump sum
C12.3.1.5 Rapid impact compaction lump sum
C12.3.1.6  Vibration compaction lump sum
C12.3.1.7 Underpinning lump sum
C12.3.1.8 Preloading lump sum
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C12.3.1.9 Basal reinforcement lump sum

The tendered lump sum for site establishment for items C12.3.1.1 to C12.3.1.9 above shall include full compensation for establishing all
necessary plant, equipment and services on site to carry out the works as specified including all work in preparing the works area for
construction activities and subsequent removal from site of all such plant and equipment including all temporary works such as access
roads, staging, platforms and such like. The tendered rate for preload monitoring shall include for the establishing on site of all the
necessary equipment and material as specified required for the installation of the specified monitoring instruments and for the removal
thereof on completion of the works. The provision of boreholes in which instruments are to be installed, and the supply of the specified
instruments and accessories as may be required, shall be paid for separately.

The work will be paid for by way of a lump sum, 50 % of which shall be payable when all major necessary equipment is on site, trials (if
any) are completed and the first production work started. The second instalment of 25% is payable after half the specified work is complete.
The final instalment shall be payable after all work is complete, all equipment has been removed and the site restored as specified in the
Contract Documentation.

Item Description Unit

C12.3.2 Moving to and setting up equipment at each position for:
C12.3.2.1  Geotechnical Grouting number (No)
C12.3.2.2 Jet Grouting number (No)
C12.3.2.3 Compaction Grouting number (No)
C12.3.2.4 Dynamic compaction number (No)
C12.3.2.5 Rapid impact compaction number (No)
C12.3.2.6  Vibration compaction number (No)
C12.3.2.7 Underpinning number (No)
C12.3.2.8 Preloading number (No)
C12.3.2.9 Basal treatment number (No)

The unit of measurement shall be the number of positions to which equipment is moved and set up in position to execute the works as
described in the Contract Documentation. The quantity measured shall be the number of set ups at designated works positions inclusive
of approved trial works positions as well as any additional positions as may be instructed by the Engineer.

The tendered rates shall include full compensation for all costs involved in moving to and setting up required equipment at each works
position. Multiple setups at the same hole shall only be measured and paid for once. Tendered rates shall also include all costs in setting-
up equipment and subsequent decommissioning thereof

Item Description Unit

C12.3.3 Setting out of works at treatment positions number (No)

The unit of measurement shall be the number of positions set out by a registered surveyor as per Contract Documentation or as instructed
by the Engineer. Payment will not be made for re-setting out of treatment positions lost for whatever reason.

The tendered rate shall include for all labour, plant, equipment, materials and all incidentals required.

Item Description Unit
C12.3.4 Grouting (Cement)
C12.3.4.1 Geotechnical grouting kilogram (kg)
C12.3.4.2 Jet grouting kilogram (kg)
C12.3.4.3 Compaction grouting kilogram (kg)

The unit of measurement shall be kilograms (kg) of cement actually utilised for grouting as specified and approved by the Engineer.

The tendered rates shall include for all labour, plant, equipment, materials, delivery, storing, mixing, pumping, injection and all incidentals
required. No payment will be made for any wastage or for rejected batches. Only verified quantities will be accepted for measurement and
payment.

The rate shall include quality control measures, testing of materials, monitoring and supervision of the works, daily records of all items
specified in the Contract Documentation.
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Item Description Unit

C12.3.5 Grouting (Fillers and Additives)
C12.3.5.1 Sand kilogram (kg)
C12.3.5.2 Bentonite kilogram (kg)
C12.3.,5.3 Other fillers (specify kilogram (kg)

The unit of measurement shall be the kilograms (kg) of filler/additive actually utilised for grouting as specified and approved by the
Engineer.

Tendered rates shall include for all labour, plant, equipment, materials, delivery, storing, mixing, pumping, injection and all incidentals
required. No payment will be made for any wastage or for rejected batches. Only verified quantities will be accepted for measurement and
payment.

The rate shall include quality control measures, testing of materials, monitoring and supervision of the works, daily records of all items
specified in the Contract Documentation.

Item Description Unit
C12.3.6 Drilling of holes for geotechnical /compaction grouting (diameter and inclination metre (m)
indicated

The unit of measurement shall be the metre of hole actually drilled and re-drilled. No differentiation will be made for different drilling
methods (e.g. rotary, percussion, rotary percussion or vibratory drilling), unless otherwise specified.

The tendered rate shall include full compensation for drilling holes of appropriate diameter including, drilling aids, drilling materials and
disposal of all waste products on completion thereof. Casings/sleeves shall be measured and paid for separately.

Item Description Unit

C12.3.7 Extra over for drilling through reinforced concrete metre (m)

The unit of measurement shall be the metre of drilling through reinforced concrete.

The tendered rate shall include for all labour, plant, equipment and materials to carry out the drilling as required.

Item Description Unit
C12.3.8 Drilling holes for jet grouting to specified depths (depth ranges and inclinations to be  metre (m)
specified)

The unit of measurement shall be the metre of hole drilled of specified diameter and as specified in all materials.

The tendered rate for forming holes shall include full compensation for drilling and disposing of surplus material resulting from the hole
being formed. No differentiation will be made for different drilling methods (e.g. rotary, percussion, rotary percussion or vibratory drilling)
unless otherwise specified.

Item Description Unit

C12.3.9 Installation of casing (diameter and inclination indicated) metre (m)

The unit of measurement shall be the metre of temporary casing installed.

The tendered rate shall include full compensation for supplying the indicated diameter casing, installation thereof and for subsequent
removal and shall include for all labour, plant and equipment required for this. No extra time will be granted for installation and removal of
temporary casing.

Item Description Unit
C12.3.10 Installation of standpipes for geotechnical grouting number (No)

The unit of measurement shall be the number of standpipes installed.

The tendered rate shall include full compensation for supply, installation, securing in position of approved standpipes complete with
suitable couplings for the attachment of grout hoses.

Item Description Unit

C12.3.11 Injection Grouting (type indicated) cubic metre (m3)

The unit of measurement shall be the cubic metre of grout actually injected into the fissure/cavity/void/material.

The tendered rate shall include full compensation for the mixing, storing, pumping and placement of the approved grout and shall include
for all labour, materials (other than for which provision for payment has been made in the Contract Documentation), quality control
measures, the testing of materials, monitoring and supervision of the works the daily recording of results, injection parameters, production
and other record keeping and reporting all as specified in the Contract Documentation.

12-81



Item Description Unit

C12.3.12 Extra-over items 12.3.4 and 12.3.5 for stage grouting (specify up-or downstage) number (No)
The unit of measurement shall be the number stages grouted to required pressures.
The tendered rate shall include full compensation for all additional costs of managing each stage.

Item Description Unit

C12.3.13 Extra-over items 12.3.4 and 12.3.5 for jet grouting of widened sections or mushroom number (No)
heads (position and width to be specified)

The unit of measurement shall be the number of widened sections or mushroom heads constructed as specified.

The tendered rate shall include full compensation for all additional cost for this operation.

Item Description Unit

C12.3.14 Exposing test jet grouted columns number (No)

The unit of measurement shall be the number of columns exposed for inspection, measurement and testing.

The tendered rate shall include for all plant, excavating the material around the column and trimming of the column as well as backfilling
of excavations with suitable material in 150mm layers compacted to required density.

Item Description Unit
C12.3.15 Coring of jet grouted columns
C12.3.15.1  Setting up over completed jet grouted columns number (No)
C12.3.15.2 Dirilling and core recovery (size indicated) metre (m)
C12.3.15.3  Provision of core boxes number (No)

The unit of measurement shall be per set up over a completed, cured column as instructed by the Engineer.
The unit of measurement for drilling and recovery of core samples using appropriate methods and equipment of size indicated.
Item Description Unit

cubic metre-

C12.3.16 Removal of jetting and drilling spoil kilometre (m3-km)

The unit of measurement shall be the cubic metre of spoil hauled over the distance covered.

The tendered rate shall include for the loading, transport and all other costs in hauling the spoil material to the approved spoil site.

Item Description Unit
C12.3.17 Performing dynamic compaction over (specify distance) utilising a (indicate mass) tonne
pounder
C12.3.17.1  Primary prints blows
C12.3.17.2 Secondary prints blows
C12.3.17.3 Ironing prints blows

The unit of measurement will be the number of blows imparted at a compaction point. Differentiation is made between primary phase,
secondary phase and ironing phase works.

The tendered rate will include full compensation for carrying out the specified dynamic compaction in full compliance with the specifications
at designated compaction points including the ongoing vibration measurement and monitoring as specified and for the placement of
dumprock during the construction of stone columns. Separate payment shall be made for the procuring of dump rock.

Item Description Unit
C12.3.18 Variation in number of blows
C12.3.17.1  Primary prints blows
C12.3.17.2 Secondary prints blows
C12.3.17.3 Ironing prints blows

The unit of measurement in respect of increase or decrease in the number of blows imparted in the execution of dynamic compaction at
designated compaction points as instructed or approved by the Engineer.

Differentiation is made between primary phase, secondary phase and ironing phase works.
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Payment for variations shall be made as specified in Clause C1.1.4

Item Description Unit

C12.3.19 Importing G7quality material from approved sources cubic metre (m?)

The unit of measure shall be the cubic metre of imported G7 quality material.

The tendered rate shall include full compensation for procuring, stockpiling, watering to compaction moisture content for processing as
backfill in craters formed by dynamic compaction or for the construction of capping layer or for general layerworks, levelling and finishing
of compacted areas. The quantity shall be taken as 70 % of the volume transported to site as measured in trucks. Only full, struck-off
loads arriving on site shall be paid for.

Item Description Unit

C12.3.20 Importing dump rock for forming stone columns by dynamic compaction from cubic metre (m?)
approved sources

The unit of measure shall be the cubic metre of dump rock as specified for forming of stone columns by dynamic compaction.

The tendered rate shall include full compensation for the procuring, stockpiling and placement during the construction process. The
quantity shall be taken as 70 % of the volume transported to site as measured in trucks.

Item Description Unit

C12.3.21 Importing crushed rock for vibratory replacement from approved sources cubic metre (m?)

The unit of measure shall be the cubic metre of imported G7 crushed rock for vibratory replacement as specified from approved sources.

The tendered rate shall include full compensation for the procuring, stockpiling, and for the placement in craters formed by
vibrocompaction/ vibroflotation.

The quantity shall be taken as 70 % of the volume transported to site as measured in trucks. Only full, struck-off loads arriving on site shall
be paid for.

Item Description Unit

C12.3.22 Water acceptance testing (permeability tests as specified) number (No)

The unit of measurement shall be the number of tests carried out as instructed by the Engineer in accordance with the Contract
Documentation.

The tendered rate shall include full compensation for establishing approved equipment on site and all costs incurred in carrying out the
tests by competent persons plus record keeping and reporting.

Item Description Unit

C12.3.23 Plate load tests number (No)

The unit of measurement shall be the number of plate load tests carried out as specified on the instruction of the Engineer.

The tendered rate shall include full compensation for the provision of the testing equipment on site for the duration of the works, for the
carrying out of the tests by competent persons and for the provision of the test data as specified in Contract Documentation.

Item Description Unit

C12.3.24 Establishment on site for
C12.3.24.1 DCP testing (depth indicated) lump sum (LS)
C12.3.24.2 CPT testing (depth indicated) lump sum (LS)
C12.3.24.3 DPSH testing (depth indicated) lump sum (LS)

The tendered lump sum for dynamic compaction shall include full compensation for the establishment and removal from site of all the
plant and equipment required to carry out the testing as specified inclusive of all preparatory work that may be required and all operations
for which the cost does not vary with actual amount of testing carried out.

The lump sum rate shall include full compensation for the provision of all the resources inclusive of water and electrical power for carrying
out the tests as specified.

This work will be paid for by way of a lump sum, 50 % of which will become payable when all the equipment is on site, trials (if any) are
completed and the first tests successfully conducted. The second instalment of 25 % of the lump sum will be payable after half the total
number of tests are completed and the final instalment of 25 % after all the testing work is complete, the results accepted by the Engineer
and the equipment has been removed from site.

Item Description Unit
C12.3.25 DCP, CPT and DPSH testing
C12.3.25.1 DCP testing (depth indicated) number (No)
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C12.3.25.2 CPT testing (depth indicated) number (No)

C12.3.25.3 DPSH testing (depth indicated) number (No)

The unit of measurement shall be the number of tests carried out as specified on the instruction of the Engineer.

The tendered rate shall include full compensation for the setting up of the equipment at each designated testing point, the execution of
the tests by competent persons as specified as well as the provision other the test results in an approved format within 24 hours of testing.

Item Description Unit

C12.3.26 Continuous surface wave testing (CSW) number (No)

The unit of measurement shall be the number of tests carried out on the instruction of the Engineer.

The tendered rate shall include full compensation for the provision of the testing equipment on site for the carrying out of the tests by
competent persons and for the provision of the test data, all as specified.

Item Description Unit

C12.3.27 Monitoring of instruments and earthworks by survey month

The unit of measurement shall be the period over which the Contractor shall have in his employ a suitably-qualified and experienced
surveyor equipped with all the necessary survey equipment to carry out the monitoring as specified.

The tendered rate shall include for all labour, materials, calibrations and other items required to complete the works as specified.

Item Description Unit

C12.3.28 Supply and install rod settlement gauges number (No)

The unit of measurement shall be the number of rod settlement gauges supplied and installed.

The tendered rate shall include for the supply and installation of the base plates and extension rods (number indicated) as specified, the
marking and protection thereof. The tendered rate shall also include for all the labour, materials, periodic installation of extension rods
required as well as for the recording and reporting of settlement results.

Item Description Unit

C12.3.29 Supply and install standpipe piezometers number (No)

The unit of measurement shall be number of standpipe piezometers supplied and installed.

The tendered rate shall include for supply and installation of standpipe piezometers as specified as well as the labelling, survey and the
protection thereof. The tendered rate shall also include for all labour, materials, reading equipment and all incidentals required for the
measurement of water levels, the recording and for the reporting of the results as specified, Boreholes in which piezometers are installed
shall be measured separately.

Item Description Unit

C12.3.30 Supply and install pneumatic piezometers (lengths indicated) number (No)

The unit of measurement shall be number of pneumatic piezometers supplied and installed.

The tendered rate shall include for supply and installation of pneumatic piezometers as specified, labelling, survey and protection thereof.
The tendered rate shall also include for all labour, materials, tubing, cabling, couplings, manifolds, readout and recording, unit cabinets
and incidentals required for measurement of water levels, recording, processing and for reporting of results as specified. Boreholes in
which piezometers are installed shall be measured separately.

Item Description Unit

C12.3.31 Supply and install inclinometer monitoring systems (lengths indicated) metre (m)

The unit of measurement shall be metre of inclinometer tubing installed.
The tendered rate shall include for the supply and installation of the tubing, the labelling and survey and the protection thereof as specified

The tendered rate shall also include for all the labour, materials, tubing, cabling, inclinometer torpedo and readout unit and all incidentals
required for the measurement of displacement of the installed tubing, processing and for the reporting of the results as specified.

Boreholes in which inclinometers piezometers are installed shall be measured separately.

Item Description Unit

C12.3.32 Supply and install pressure measuring loadcells (type and make specified) number (No)

The unit of measurement shall be the number of loadcells of the specified type installed in the earthworks during construction.

The tendered rate shall also include for all the labour, materials, tubing, cabling, and loadcells, readout unit and all incidentals required for
the measurement of earth pressures during construction and for the processing and reporting of the results as specified.
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Item Description Unit

C12.3.33 Supply and install geosynthetic for basal reinforcements square metre (m?)

The unit of measurement shall be the square metre (m?) of geosynthetic placed as specified.

The tendered rate shall include for the procurement, transport, storage and placement of the specified geosynthetic, measured in place
inclusive of all labour, incidentals and materials.

Item Description Unit

C12.3.34 Supply and placement of 125 mm protection layer cubic metre (m?)

The unit of measurement shall be the cubic metre (m®) of approved material.

The tendered rate shall include for the supply, transport and placement as specified, of approved material inclusive of all labour, plant and
incidentals required therefore.
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D12.3 GROUND IMPROVEMENT

PART D: GUARANTEES AND COMPLIANCE CERTIFICATES

The Contractor shall provide detailed specifications and certificates from independent reputable agencies for all proprietary casing/sleeves
and materials proposed for use. These shall demonstrate conformance with the performance requirements stipulated in the Contract
Documentation.

CONTENTS

D12.3.1 SCOPE

D12.3.2 GENERAL

D12.3.3 PERFORMANCE GUARANTEE REQUIREMENTS
D12.3.4 FUNCTIONAL PERFORMANCE ASSESSMENTS
D12.3.5 VISUALLY ASSESSED PROPERTIES

D12.3.6 INSTRUMENTALLY ASSESSED PROPERTIES
D12.3.7 EVALUATION FOR ACCEPTANCE

D12.3.8 ADDITIONAL PROCEDURES TO BE ADOPTED IN THE EVENT OF FAILURE
D12.3.9 NOTIFICATION OF REMEDIAL WORK

D12.3.10 REMEDIAL WORKS

Where applicable, details must be provided in the Contract Documentation.

D12.3.1 SCOPE

The scope of this section covers the following:
Guarantees and compliance certificates
Product conformance specifications

D12.3.2 GENERAL

The Contractor shall provide detailed specifications, test data, performance data and compliance certificates from independent reputable
agencies for all proprietary systems, processes and materials proposed for use. These shall demonstrate conformance with the
performance requirements specified in the Contract Documentation.

Unless otherwise specified, all proprietary materials shall be used and placed in strict accordance with the relevant manufacturer's current
published instructions

D12.3.3 PERFORMANCE GUARANTEE REQUIREMENTS

The Contractor shall, within 28 days of entering into the contract with the Employer, submit to the Engineer conformance documentation
related to the specifications.
Conformance documentation shall be provided for the following:

Materials and Materials Design as per Clause A12.3.2

Materials as per Clause A12.3 5,

Construction Equipment as per Clause A12.3.6

- Execution of the Works as per A12.3.7

D12.3.4 FUNCTIONAL PERFORMANCE ASSESSMENTS

No specific items in this Section.
D12.3.5 VISUALLY ASSESSED PROPERTIES

No specific items in this Section.

D12.3.6 INSTRUMENTALLY ASSESSED PROPERTIES

No specific items in this Section.
D12.3.7 EVALUATION FOR ACCEPTANCE
No specific items in this Section.

D12.3.8 ADDITIONAL PROCEDURES TO BE ADOPTED IN THE EVENT OF FAILURE
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No specific items in this Section.

D12.3.9 NOTIFICATION OF REMEDIAL WORK

No specific items in this Section.

D12.3.10REMEDIAL WORKS

No specific items in this Section.
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A12.4 LATERAL SUPPORT

CONTENTS

PART A: SPECIFICATIONS

A12.41 SCOPE

A12.4.2 DEFINITIONS

A12.4.3 GENERAL

A12.4.4 DESIGN BY CONTRACTOR/PERFORMANCE BASED SYSTEMS
A12.4.5 MATERIALS

A12.4.6 CONSTRUCTION EQUIPMENT

A12.4.7 EXECUTION OF THE WORKS

A12.4.8 WORKMANSHIP

PART B: LABOUR ENHANCEMENT
PART C: MEASUREMENT AND PAYMENT
PART D: GUARANTEES AND COMPLIANCE CERTIFICATES

PART A: SPECIFICATIONS
A12.41 SCOPE

This Section covers some of the various techniques employed to provide lateral support including Sheet Piling and Diaphragm Walls
where this forms part of the permanent works and provision is made for the payment thereof in the Contract Documentation.

Other commonly used methods such as secant/contiguous piling, soil nailing, rockbolting and rock doweling, shotcreting, etc are
addressed elsewhere.

A12.4.2 DEFINITIONS

The following definitions shall apply to these specifications:

Embedded wall - is a structural wall, partially or fully embedded in subsoils. Embedment may be achieved by driving the structure or elements
of the structure into the subsoils or by placement into preformed holes or trenches. The structural wall is designed either as a cantilever to
provide the primary support, or to act as a support system against which braced or tie-back forces are mobilised. Embedded walls may
comprise

- Steel sheet piles

- Precast concrete sheet piles

- Steel soldiers

- Concrete soldier piles

- Contiguous and secant pile walls
- Diaphragm walls

Sheet pile wall - is an embedded wall comprising individual steel or precast concrete sheet piles linked together and driven into the ground
to provide lateral support and/ or an impermeable barrier. Steel sheet piles are more common than precast concrete.

Steel sheet piles - are Z- and U-shaped hot rolled steel sheet pile elements (manufactured and imported from Europe or the UK)
Pile threader - is a mechanical device used to interlock sheet piles into panels for grouped installation

Slinging Hole - is a lifting hole located near individual pile sheets approximately 32 mm in diameter usually located 150 mm from the sheet
ends

Interlock - sheet pile interlock is preformed through coupling edges allowing individual steel piles to lock onto one another thereby providing
a tight high-strength bond

Crimping - is spot pressure indentation which permanently locks one sheet pile to another in order to increase resistance against bending,
and thereby allowing faster pile installation
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Tie rods - are anchors used in sheet piling to retain sheet pile walls to remote deadman anchorages. They may comprise stand- alone steel
elements suitable protected against corrosion or reinforced concrete beams

Turnbuckle - a turnbuckle joins plain tie-rod ends to upset end of a tie rod
Waler - is a horizontal beam capable of transferring load between individual anchor elements (tie-rods, props, ground anchors, etc)

Combined Sheet Pile Wall - is an embedded wall using a combination of sheet piles and king piles (box, H, tubular steel tubes, etc) to create
large bending resistance. King piles can also be used as end-bearing piles with the intermediary sheet piles acting mainly as soil-retaining
and load-transferring elements

Guide Frame - is a frame used to enable exact placement and vertical orientation of king pile elements in combined sheet pile walls

Driving cap - is a sheet pile capping to provide consistent energy transfer between hammer and sheet pile section thus preventing damage
to top end of pile

Pile extractor - is used in temporary works to extract piles for re-use.

Diaphragm wall - is an embedded wall constructed using a narrow trench excavated into in situ ground and supported by an Engineered fluid
(typically bentonite slurry) until the slurry is replaced by permanent material. Permanent material generally comprises reinforced concrete,
though unreinforced walls can also be used.

Guidewall - comprises of two shallow reinforced concrete, brick —or concrete block walls constructed to ensure panel excavations are aligned
within acceptable tolerances. The internal wall is usually removed after completion of the diaphragm wall.

Stop end - is a vertical steel tube, polystyrene or precast concrete column placed at panel edges to provide, on withdrawal, a recess joint
between adjacent panels. The recess joint promotes water tightness.

Diaphragm Panel - comprises of one individual unit of the wall constructed against another (one side or two) in pre-planned rotation to final
completion of the diaphragm wall

Pitching - means raising or lifting construction elements into a vertical position

Panel Recess - panel recessing via stop ends is required to link individual reinforced concrete panels into a continuous watertight wall

A12.4.3 GENERAL
A12.4.31 Method Statements

Where so indicated by the Engineer the Contractor shall prepare detailed method statements for each facet of the work describing key
aspects such as construction methodology, key plant, materials, personnel as well as any programme constraints of the envisaged
construction process.

These method statements shall be prepared and submitted to the Engineer for approval prior to commencement of that activity, within time
scales specified. The onus lies with the Contractor to ensure that the information is obtained and that associated activities are completed
expeditiously to avoid any delays in the commencement, continuation and completion of the required works. Unless otherwise specified
or provided for in the Contract Documentation no permanent works shall be commenced until the Engineer’s approval of the relevant
method statement. The Contractor shall, however, remain responsible for all work-methods, materials, plant and equipment used,
notwithstanding acceptance by the Engineer

The Contractor shall be required to construct trials and the testing thereof as specified herein and shall make due allowance
therefore in his programme. Allowance shall also be made for allow for the Engineer’s assessment of constructed works,
procedures followed, and materials and plant utilised and test data. Production work shall not be permitted until it is shown and
accepted by the Engineer that the Contractor possesses the necessary experience, plant and equipment to carry out the works as
specified in the Contract Documentation.

It should be noted that work shall only be performed by personnel listed by the Contractor. If personnel changes need to be made
during the project, works shall be suspended until replacement personnel are approved by the Engineer. Time lost due to
incomplete submissions, unacceptable submissions, or obtaining approval of replacement personnel will not be considered as
cause for extension of time or delay claims. All costs associated with incomplete, replacement, or unacceptable submissions shall
be to the Contractor’s cost.

Once approved in writing by the Engineer, these shall become the method statements in accordance whereby the relevant portion of the
works shall henceforth be executed. Notwithstanding, the Engineer may require revision from time to time if circumstances during
construction arise which warrants change.

A12.4.3.2 Materials and materials design approvals

All materials used in the works described hereunder shall meet the appropriate standards given below and/or specified in the Contract
Documentation and shall be subject to the approval of the Engineer. The contractor shall submit product certificates, conformance
documentation related to the specifications, test results as required together with samples of materials and where applicable, materials
designs that he proposes to use in the construction of the works to the Engineer for his acceptance/approval as provided for in the contract
documentation.

Due allowance shall be made for obtaining materials, resubmissions and re-designs, all to the required/approved standards,
methods and practices in attending to these requirements. Particular attention shall be paid to the early submission of materials-,
concrete- and grout mix designs where parameters at various ages may be specified. No consideration for extension of the
contract period will be entertained for delays incurred in meeting these requirements.

The Contractor’s attention is drawn to the approvals required as indicated in Table A12.4.3-1 below regarding works carried out under
this section of the works:
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Table A12.4.3-1: Approvals Required
CLAUSE REQUIREMENTS* PERIOD/WORKS PUT ON HOLD
Materials Design Approvals

A12.4.43 Concrete mix design for Diaphragm walls 6 weeks before placement

Materials Approvals

A12.4.51 Sheet piling materials 2 weeks before utilisation

Construction Method Approvals

A12.4.4.2 Sheet piling method statement 2 weeks before works commenced
A12.4.4.3 Diaphragm wall method statement 2 weeks before works commenced
A12.4.51 Sheet pile damage remediation 2 days before commencement
A12.4.51 Burning or drilling of lifting holes 2 days before commencement

A12.4.3.3 Sheet piling

Sheet piling is construction of an embedded wall achieved by combining individual steel or precast concrete sheet piles linked together
and driven either to refusal or predetermined depth, into the ground to provide lateral support and/or an impermeable barrier. Each sheet
pile has a pair of clutches that allow the male of one sheet to interlock with the female of another. The resultant structural wall forms an
integral part of the overall lateral support system and is designed either as a cantilever to provide primary method of support, or to act as
a support system against which braced or tie-back forces are mobilised.

Sheet piles are mostly constructed from steel sheets imported from the United Kingdom or Europe. Precast concrete elements are
generally manufactured locally.

The commencement of the production may only commence when the Engineer has given written acceptance of designs for which the
Contractor is responsible in terms of the Contract Documentation, the Contractor's method statements, and approval of plant and equipment.

A12.4.3.4 Diaphragm walls

Diaphragm walls are cast in situ concrete walls, generally reinforced, using under-slurry techniques. Diaphragm walls are necessary:

- In very unstable soil profiles beneath the water table where continuous support and watertight joints are required to prevent mudflows,
piping and erosion of soils

- Where time is limited and the construction of a diaphragm wall to provide support and/or water retention allows earlier subsurface
excavations. In conditions where deeper than normal cantilever support may be required, for example, where the wall acts as
cantilever only, or where a very deep initial excavation is required before the first braced or tie-back support can be installed.

Diaphragm walls require a large site area. They are not suited to small or shallow basement excavations.

Wall widths from 600 mm to 1500 mm can be formed using diaphragm walls, to depths greater than 60 m. The resultant structural wall
forms an integral part of deep lateral support and is designed either as a cantilever to provide primary support or water
retention/dewatering, or to act as a support system against which braced or tie-back forces are mobilised. Cantilever is generally effective
between 4 and 6 m; bracing up to 10m, and anchored walls to 25 m and higher..

Commencement of production shall only start when the Engineer has given written acceptance of designs for which the Contractor is
responsible for in terms of the Contract Documentation, the Contractor’'s method statements, and approval of plant and equipment.

A12.4.4 DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS
A12.4.41 General

Where design by the Contractor for any specialised/proprietary technique or aspect or segment or portion of the works to be carried out
is, in terms of project specification the responsibility of the Contractor, all the aspects given below shall be taken into consideration in
carrying out these obligations.

The following shall normally be specified (where applicable) by the Engineer and reflected in the Contract Documentation:

- Techniques and methods to be followed

- Material type and quality

- Site specific requirements

- Limits of areas and depths to be treated

- Concrete mix design

- Bentonite slurry mix design

- Reinforced concrete strength, panel characteristics, post-treatment properties, durability and any other deliverables as may be
appropriate

- Layout of lateral support

- Sequence of installation

- Permissible limits (pressures, flow rates)

- Quantities of grout/other materials (if required) to be injected/used

- Monitoring of works

- Quality and workmanship requirements
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- Measurable properties to be achieved over the life span of project

- Anti-corrosion requirements

- Environmental and safety requirements specific to techniques to be executed
- Monitoring and record keeping requirements.

The following information will be generally provided in the Contract Documentation:

- Definition of objectives and control criteria

- Investigation data including subsurface geological information, hydrological data and geotechnical parameters
- Test data, borehole logs and recovered core samples

- Limitations including information on subsurface services

- Availability of materials on site.

The following aspects, where applicable shall also be addressed

Finishing off of treatment areas to specified lines and levels, whether materials are to be removed, removed and replaced by other
materials, processing of materials and all other measures to be carried out in meeting requirements as specified in Contract
Documentation.
The Contractor shall provide a quality management plan indicating his proposed quality assurance testing program which shall allow, if
necessary, testing at each treatment position as required. Testing methods to be employed shall be as specified in the Contract
Documentation.

A12.4.4.2 Sheet piling

The Contractor, where so specified, shall prepare a detailed construction proposal/design detailing all plant, equipment and materials to
be employed in meeting the sheet piling objectives and performance requirements detailed in the Contract Documentation. In compliance
therewith the Contractor shall address all the aspects given in Clause A12.4.4.1 above.

The Contractor shall be responsible for the acquisition and conveyance to site of sheet piling materials of suitable quality with manufacturer
specifications, the latter presented for approval by the Engineer prior to delivery/purchase.

Before commencement of any piling works, the Contractor shall submit a method statement to the Engineer for approval which shall
include the following information:

- Programme of works detailing sequence and timing of individual portions of the works

- Maximum proposed lead at any stage of driving between a pile and its neighbour and the limitations of same if hard driving is
encountered

- Height, spacing, stability and type of piling guidance system and the number of piles in each panel (if applicable)

- Full details of installation plant to be utilised including manufacturers information, proof of servicing/ recent upkeep and assessment
of actual input energy to the piles and a definition of driving refusal for each type of plant proposed

- Proposed phasing of any excavation/ filling operations such that design stresses in the piles and frames/ supports are not exceeded

- Contingency plan in the event of encountering obstructions or reaching driving refusal to minimise disruption/ delay especially when
using pitch and drive methods

- Predicted noise levels and confirmation these are within statutory requirements

- Confirmation that vibration levels are within requirements of Contract Documentation.

Sheet pile design shall be carried out by competent personnel following on from relevant approved/ specified design requirements.

Engineer approval of the Contractor's method statement shall not be unduly withheld with acceptance lead time as tabulated in A12.4.3.2.
A12.4.43 Diaphragm walls

The Contractor, where so specified, shall prepare a detailed construction proposal/design detailing all plant, equipment and materials to
be employed in meeting diaphragm wall objectives and performance requirements detailed in the Contract Documentation. In compliance
therewith the Contractor shall address all the aspects given in Clause A12.4.4.1 above.

Before commencement of any work, the Contractor shall submit to the Engineer a Method Statement for approval which shall include the
following information:

- Program of works detailing sequence and timing of individual portions of the works

- Full details of installation plant to be utilised including manufacturers information; proof of servicing/ recent upkeep; and logistics of
planned plant rotation to fulfil construction requirements

- Correct layout of panels and means to achieve this on the ground. The layout plan must take into consideration factors such as grab
size; wall plan shape; dimension of steel reinforcement cages, and site logistics

- Proposed panel rotation for excavation; reinforcement installation, and concreting

- Dimensions; depth (minimum 1,2 m), and strength of the concrete guide walls

- Proposed mixing; batching and removal to storage of bentonite slurry and a back-up plan for sudden loss of suspension

- Proposed method of reinforcement cage construction; pitching and installation

- Stop end type, insertion and removal with confirmation of panel edge recessing

- Steel sleeve (block-out) location and method of prop or tie-back anchorage

- Contingency plan in the event of encountering obstructions

- Confirmation that all requirements of Contract Documentation are being achieved.

Planning and construction of diaphragm walls shall be carried out by competent and experience construction personnel following on from
relevant approved/ specified design requirements.

Engineer approval of the Contractor’'s method statement shall not be unduly withheld with acceptance lead time as tabulated in A12.4.3.2.

The Contractor shall be responsible for the design of a suitable cementitious concrete mix and bentonite slurry for construction of the
diaphragm wall which shall be presented by for approval by the Engineer with due consideration of the following:

Availability of cementitious products in the quantities required for production
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The achievement of the specified characteristic strength in the mix
Workability of the concrete during displacement of the bentonite slurry
The following procedure shall be applicable:

- Obtaining samples of the mix constituents

- Carrying out the mix designs

- Production of trial mixes in the laboratory to allow for the sampling and testing of concrete

- Production of trial mixes by production plant to allow for the sampling and testing of concrete

- Carrying out adjustments to the mix designs as may be required and repeating laboratory and production plant trial mixes to allow
for the sampling and testing of concrete

- Obtaining Engineer’s approval of the mix.

Concrete mix design shall be carried out by competent personnel following the relevant approved/ specified mix design procedures and
SANS Methods for the sampling, curing and testing procedures. The relative density as well as the fluidity of the various mixes shall be
determined to provide a basis for ongoing quality assurance during diaphragm wall construction.

The Contractor shall submit his proposed mix design for the concrete accompanied by all relevant information to the Engineer for approval.
A lead time, as tabulated in A12.4.3.1, is required for this information. Construction shall only proceed once the Engineer is satisfied that
the mix meets the minimum performance criteria specified including the 28 day characteristic strength of the concrete as specified in the
Contract Documentation. Any changes to the mix after the Engineer’s approval has been obtained shall only be permitted if approved in
writing by the Engineer.

The Contractor shall be responsible for the design of the concrete and bentonite slurry.

A12.4.5
A12.4.51

MATERIALS
Sheet piling

Sheet pile sections are available in ordered lengths. Recommended maximum lengths, as dictated mainly by handling and driving
requirements are as follows:

Table A12.4.5-1: Recommended sheet pile lengths

Moment of Inertia of Section cm* Maximum recommended Typical wall thickness Typical section half
per metre width length in metres (mm) depth (mm)

4110 6

13513 14

23885 18 10.0 150

39831 23 10.5 220

49262 24 13.0 220

92298 26 19.0 230

Sheet pile lengths may be successfully extended by specialist welding of sections or shortened by cutting. Length changes must ensure
no damage or distortion occurs to adjacent piles

Steel sheet pile sections are manufactured from various grades of steel in accordance with EN10249-1-1995 as tabulated below for cold-
formed U and Z sections:

Table A12.4.5-2: Steel grades

Grade of steel MinimuRrT:Hy(i'e\z/:g:)trength Tensilezl\s/ltézr;gth Rm Former UK reference
S 235 JRC 235 340 - 470 40B
S 275 JRC 275 410 — 560 43B
S 355 JRC 355 490 — 630 50C

In hard driving conditions it may be necessary to increase the pile section size to achieve the required penetration and/ or adopt a higher
grade of steel. The Engineer’s approval shall be obtained before orders for any sheet pile sections are placed.

Piles shall be stacked on site in accordance with the manufacturer's recommendations. The Contractor shall ensure that operations
involving loading, transporting, offloading, handling, stacking and pitching the piles, are carried out in a manner that shall prevent damage
to them or their coatings. The Engineer shall be immediately informed of any damage and the Contractor shall the submit proposals for
remedial measures, the cost of which shall be borne by the Contractor. Lifting holes shall not be burned or drilled through sheet pile
without prior approval by the Engineer and shall be made good after use. The same pile sections; lengths and steel grades shall be stored
in different stacks clearly marked or colour-coded to avoid placement errors.
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Driving caps for diesel hammers shall be manufactured from cast steel and have an arrangement of guiding grooves for the different sheet
pile sections on its lower side. A wooden or plastic/composite dolly (cushion) shall be fitted into recesses on top of the driving cap.

Walers, tie-rods and ground anchors shall be as specified in the Contract Documentation.
A12.4.5.2 Diaphragm Wall

a) Bentonite slurry

Bentonite slurry is a viscous mixture of approximately 4 % - 6 % of bentonite powder by mass with water and be of such consistency that
soil and other heavy particles mixed with this bentonite slurry during excavation are held in suspension and do not settle to pile base.

Bentonite shall either be of sodium origin or calcium derivation and checked for required thixotropic properties, quality, moisture content,
grading and sand content.

b) Cement

Cement used in cementitious grout shall be CEMI or CEMII complying with SANS 50197 -1 or such other cements as specified in the
Contract Documentation. The Engineer may allow or specify the use of other cements and certain additives to improve workability of the
tremied concrete in order to optimise construction of the wall.

c) Water
Water used for batching of grout and bentonite slurry shall be potable, complying with SANS 51008.
d) Sand
Sand shall be clean, non-plastic, non-angular and well-graded particles sized from 0,06 — 2,0 mm.
e) Coarse aggregate
Coarse aggregate shall comprise of clean, durable, hard rock aggregate as per SANS 1083 or as specified in the Contract Documentation.
f) Steel

Steel for the reinforced cage shall be as indicated in the Contract Documentation and as per the requirements of this document.

A12.4.6 CONSTRUCTION EQUIPMENT
A12.4.6.1 Sheet piling

a) Driving equipment

A wide variety of plant is available for sheet piling including small to large vibratory, drop, hydraulic, pneumatic, diesel hammers; employing
various techniques for insertion. Selection of plant shall be determined by its ability to install pile sections while considering economies
of scale. Choice of plant shall also be influenced by noise; vibration type and output for specific site locations. Equipment used shall be
in good working order and properly maintained.

b) Pile threader/ Guide frame

Pile threaders/ guide frames shall be used to interlock individual piles at ground level to eliminate manually guiding piles to interlock. Lifting
shackles are required to lift, and guide piles, into position in the threader.

c) Pile extractors

Sheet piles intended to serve only as temporary works shall be extracted for re-use by means of suitable pile extractors. Cranes used in
extraction shall have an appropriately sized jib to prevent damage when extraction forces are applied.

d) Ancillary equipment

All ancillary equipment (cranes; driving caps; generators, etc.) required to execute pile installation shall be fit-for-purpose.

A12.4.6.2 Diaphragm walls

a) Excavation equipment

Diaphragm wall panels shall be excavated using one or more of several types of equipment as may be appropriate to the project requirements
including:

- Hydraulic Cutters - These are capable of excavating even into rock but require large bentonite slurry plants and large cranes to hold
cutters. Steel mechanisms built into the grab body provide a high degree of verticality control.

- Hydraulic Grab - Hydraulic grabs have hydraulically operated closing jaws able to exert considerable closing force to excavate dense
sand; stiff clay, or soft/ very soft rock. They can include steering mechanisms.

- Cable Grab - Cable grabs use only pulley forces to close grab jaws and are more suited to soft ground

- Kelly Grab - Kelly grab types are rigidly suspended from a base machine opposed to rope-suspended grabs as detailed above. Kelly
grabs provide reasonable excavation force and verticality control but are slower than other methods.
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Typical diaphragm wall widths are 0,6 to 1,5 m although other sizes may be constructed.
b) Bentonite slurry equipment

Bentonite slurry equipment shall comprise a storage facility for bulk or bagged material; colloidal mixer; hydration storage tank, and slurry
pump. Slurry mixing plants shall be equipped with high-speed/ high-shear colloidal mixers or high-velocity/high shear jet mixers used in
conjunction with a high-speed/high-shear centrifugal pump. Plant shall be equipped with a mechanically, or hydraulically, agitated sump
and shall include pumps, valves, hoses, supply lines, tools and other equipment and materials required to manufacture the slurry and
deliver it in a continuous supply from hydration ponds (or tanks) to diaphragm panels. Mixers shall be capable of achieving complete
dispersion of bentonite and additives and shall be capable of continual-mixing slurry to provide and maintain a uniform blend. Slurry pumps
shall be of sufficient capacity to ensure adequate supply of slurry during panel excavations and capable of pumping the concrete displaced
slurry back to storage. Sufficient ponds or tanks for storage shall be provided on site and fluid reserve capable of filling two panels shall
be kept in stock in case of rapid loss of suspension. Slurry cleaning equipment shall be available for cleaning of return slurry with equipment
capable of reducing sand; sediment, or other solids as necessary. This equipment may include but not be limited to vibratory shaker
screens; centrifugal sand separators, and/or stilling ponds.

c) Concrete mixer

The concrete mixer used for manufacture of concrete and shall have sufficient capacity to ensure an adequate supply of concrete as
required for continuous production. This mixer shall be fitted with calibrated loadcells to enable the accurate weigh batching of cementitious
materials.

d) Water supply

Water tank/s shall have sufficient capacity to ensure adequate supply during a working shift. Pumps used shall be of sufficient capacity to
provide the required flow and pressure.

e) Hoses

Hoses used shall be appropriately rated for pressures required.

A12.4.7 EXECUTION OF THE WORKS
A12.4.71 Sheet piling

a) General

Works may only commence after the Engineers approval of the Contractors method statement s as required by these and the Contract
Documentation.

The Contractor shall set out the works utilising appropriate and approved methods. The setting out shall be approved by the Engineer
before piling work commences.

b) Process
(i) Set-up

Sheet piles shall be lifted up one at a time and threaded one end into the other interlocking piles prior to driving. A crane shall
be used for this purpose and a pile threader/ guide frame/ or scaffold platform constructed to provide support for assembled
sheets readied for driving.
(ii)  Driving

Sheet piles shall be installed by driving or vibrating into the ground. Driving can be achieved by the use of vibratory hammers;
drop hammers; or diesel, hydraulic or air hammers. Driving shall be by ‘Pitch and Pile’ where each pile or pile pair shall be
driven to finished level before repeating the operation — a method suited to relatively short piles in softer ground where
obstructions are unlikely. Alternatively, y ‘Panel Driving’, which is the more common method can be used. Once guide frames
have been positioned for panel driving the first pair of piles shall be carefully pitched, plumbed and partly driven to form a
guide for adjacent piles. The remaining panel of piles (usually 10 — 20 m run of wall panel) is then pitched and interlocked.
The last pair of piles shall then be partially driven followed by partial driving of the rest of the panel working back to the first
pair in the panel. There shall be no departure from the vertical. The top guide wailings can at this stage be removed and then
all but the last pair of piles in the panel driven to level. The last pair shall be left partially upstanding to form the guide pair for
commencement of the next panel. It is essential, to ensure verticality, and to make sure the pile driving hammer orientation is
lined up with the pile axis.

Driving caps (also termed ‘helmets’) provide protection of the sheet pile head during driving. The cap shall be close fitting and
rigid to provide even energy distribution from a hammer blow. Buckling of steel sheet pile heads or damage to the heads of
concrete piles can otherwise occur in driving through very hard ground. In vibratory hammers a driving cap is unnecessary
since the hammer clamps the sheet pile hydraulically.

All changes to the initially approved method statements shall be approved in writing by the Engineer and all production work
shall be in strict accordance with the approved methodology and specifications.

(iii)  Obstructions

When obstructions are encountered the remainder of the panel shall be completed so that the piles obstructed have support
from adjacent piles during attempts to drive through the obstruction. If unsuccessful, driving can continue whilst the obstruction
is removed thereby minimising construction delays. Sheet pile toes can be damaged when driving through cobble or boulder
layers. Measures to limit risk of damage include the use of sheet piles made from high tensile steel; reinforcement of the sheet
pile toe by welding on additional strengthening plates; and reducing hammer energy blow.

Pile toes shall, if necessary, be secured into underlying rock using steel pins. These may be required where it is not feasible
to drive piles to required penetration, or where there is concern piles may slide down a sloping rock surface. Pins shall be
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welded onto piles before driving or installed via tubes attached to and driven with the piles. For the latter holes are drilled into
rock and pins grouted into position.

(iv) Ground pre-treatment

It may be cost effective to consider pre-treatment of ground to allow lighter section installation where piling is dominated by
driving rather than moment capacity. This could include:

Pre-auguring to weaken or replace hard ground

Driving a heavier section than required; extraction of the heavy unit followed by driving of working pile sheets in the same
ground

Controlled blasting to reduce very dense soil or obstructions to granular material: without displacement.
(v) Water tightness

The only possibility of water infiltrating through a sheet pile is by flowing through the interlock. The interlock shape naturally
provides high resistance to seepage where sealing systems are unnecessary for applications such as temporary retaining
walls where moderate rates of seepage are acceptable. If medium to high seepage resistance is required double sheet piles
or welding of joints shall be required. Alternatively, elastic sealants such as silane modified polymers (MS-Polymers) shall be
considered. Typically, the sealant products manufactured with silyl modified polymers have good adhesion on a wide range
of substrate materials, and have good temperature and ultraviolet resistance.

For concrete sheet piles interlock shall be provided by tongue and groove methodology. One side of toe shall be chamfered
to force the concrete sheets to stay together during driving. A sealant grout sock shall provide water tightness.

Where seepage beneath installed sheet piles cannot be addressed by further driving of the piles it may be necessary to carry
out grouting to seal off the base to address water ingress. Provision is made for payment of such localised grouting. Where
such grouting is approved by the Engineer, it shall be carried out in accordance with the applicable specifications for the
technique utilised.

(vi) Durability of steel sheet piles

Life of a sheet pile wall is very much dependant on corrosiveness of the surrounding environment, and the South African
coastline in particular is a highly corrosive making for poor permanent marine sheet pile applications. Corrosion is usually
lowest in the buried section of the wall; followed next by the zone permanently below water; with the zone above the minimum
water level requiring extensive corrosive protection coatings of the highest quality.

The service life of a sheet pile wall shall be extended by one or a combination, of the following as specified in the Contract
Documentation:

- Protection coating by first light shot blasting (sheet piles are received without any protective coating) followed by
application of Tar Vinyl (an aromatic pitch modified with suitable vinyl resins) in coat thickness up to 150 microns; or
blasted clean followed by application of High-Build Isocyanate cured, Epoxy Pitch (special coal tar pitch, modified with
epoxy resins, cured with isocyanate adducts) in coat thickness up to 400 microns; or painting via a wide range of epoxy
primers (seawater immersion & chemical resistance), polyurethanes (for colour and gloss retention) up to 480 microns

- Use of stronger section or higher steel grade to create a ‘statical reserve’

- Use of Marine Grade Steel (ASTM A690) in the splash zone

- Avoiding significant bending moments in high corrosion zones

- Extension of the concrete capping beams to below the low-water level

- Cathodic protection by impressed sacrificial anodes which constantly protect surfaces in contact with water

- Special corrosion resistant steel in the permanent and low water zone where maximum bending moments and
consequent highest steel stresses derive. Tests indicate loss of steel thickness can be reduced by a factor of 3 in the
permanent immersion zone and 5 in the low water zone when compared to standard structural steel

c) Anchors

Where ground anchors are required they shall conform to specification of Section A12.2: Ground Anchors. Tie-rods shall be suitably sized,
corrosion-protected steel bars, tied between pile walls and anchorages.

Anchored raked piles shall also be considered as anchorage.
d) Monitoring and records

The Contractor shall, on a continuous basis and at an agreed frequency, monitor ground or movements of structures with sufficient
accuracy to ensure that any displacements are within specified allowable tolerances. The proposed method of monitoring shall be
approved by the Engineer before any works are commenced.

Daily records shall be kept of all works, materials utilised and quality control activities carried out in accordance with Contract
Documentation and the approved method statements. These records shall be submitted to the Engineer before noon on the following
working day and shall include:

- Daily records of all sheet piling positions, driving depths, lateral extents, start and stop times, piling equipment, anchorage installed,
details of all stoppages, breakdowns and m? of sheet pile installation completed at each position

- Daily records of sheet piles used, driving type and effort, and other details that may be required for measurement purposes
- Results of routine consistency tests in terms of sheet pile verticality and horizontal alignment;

- Results of pull-out tests on anchors

- Details of daily excavation and support measures (type, number, location)

- Any change in subsurface conditions which have, or may affect, changes in methodology or progress.
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A12.4.7.2 Diaphragm walls

a) General

Prior to commencing with production, the Contractor shall provide the Engineer with a plan showing the proposed rotation sequence of
panel construction for approval. Operational matters such as waste disposal shall also be addressed.

b) Trials

The Contractor shall be required to construct a trial panel as specified in the Contract Documentation and shall allow for the Engineer’'s
assessment of this panel. This will require partial exposure of the completed panel to ascertain whether it meets specified requirements
in terms of verticality; dimensions, and uniformity, and to allow execution of tests and measurements for quality assessment purposes.
Trial panels shall be placed to eventually become part of the completed diaphragm wall. Trial panels shall have assigned test parameters
agreed with the Engineer and shall be exposed by excavation to the depths indicated in Contract Documentation to allow visual appraisal,
dimensional and geometric measurements and integrity testing. Successfully installed trial panels meeting the specified requirements
shall be measured for payment. Defective panels shall be assessed by the Engineer as per Clause A12.4.8. All excavations shall be
backfilled in 150 mm thick layers using the excavated or other approved materials to the specified density. Construction of the test panels
shall be witnessed by the Engineer.

c) Construction
()  Guidewall

A shallow guide wall shall first be constructed on the alignment of the proposed wall. The guide wall serves to locate the
excavation equipment within acceptable tolerances before the diaphragm wall construction commences. It shall be
constructed from reinforced concrete typically 1 to 1,5 m deep. Walls shall be constructed to tight verticality tolerance.

(i)  Excavation

Excavation for diaphragm walls shall be carried out in panel widths. A typical panel is excavated in three bites; a left bite, a
right bite and lastly removal of a middle dumpling. Bite widths depend on the grab type used but 2,0 to 2,8 m wide, and 0,3 to
1,5 m wide, is typical, with panels 3,0 to 6,0 m wide requiring rotated bites. Simultaneously with soil removal, bentonite slurry
shall be pumped into the excavation to support the surrounding soil preventing collapse into the excavated trench. Excavation
shall continue until all bites reach design depth.

(iii) Bentonite slurry

Bentonite slurry shall be batched in on-site plant; allowed to hydrate to gain full gelling properties, before being used for
temporary excavation support. Bentonite powder in bulk, or bagged form, shall be added to water and rapidly mixed in a
colloidal mixer to produce desired concentrations of bentonite slurry. Slurry shall be pumped to a storage tank for hydration
for approximately 12 hours. Bentonite particles swell and absorb water before use to support excavations and shall be fully
hydrated to design requirements before use. Hydrated slurry, or recycled slurry/ mud, or a mixture of the two shall be pumped
into the excavation trench to replace excavated soil, maintaining a constant head of slurry above prevailing in situ groundwater
levels. Quality of the slurry is paramount in obviating problems of slurry trappings on steel reinforcing elements. Excavation
of the panels continues under slurry until both left; right and centre bites are excavated down to the required panel toe level.
Slurry shall maintain a minimum1,5 m positive head above the water table in order to create a 2,0 to 3,0 mm impermeable
bentonite cake on the excavation sidewalls.

(iv) Concrete

Concrete shall have high workability, utilising using well-rounded aggregate and high slump so that it behaves in placement
as a heavy viscous fluid. Vibration shall not be used as it promotes segregation with compaction achieved by gravity deemed
adequate. Distance of lateral flow required to fill a panel or panel section from any single tremie position shall be limited to
2,5-3,0m.

(v) Stop-ends

Steel or precast concrete stop-ends shall be inserted at the edges of excavated panels. These stop-ends may contain a
rubber water bar that is later embedded into the concrete panel. Water bars minimise water ingress between panel joints once
earth is excavated inside diaphragm wall. The stop-end is removed from the cast panel during excavation of the following
panel.

(vi) Steel reinforcement cage

The prefabricated steel reinforcement cage shall be carefully lowered into the excavation between stop ends. Block-outs for
floor slab connections; ground anchors or other penetrations shall be included within the reinforcement cage. The cage shall
be secured in position by approved means to ensure the specified inclination and cover is maintained.

(vii) Concreting

Concrete shall be placed using a tremie. Concrete shall have a slump of 150 — 200 mm and poured using a hopper and steel
tremie tube extending to the base of the excavation.

Typically, two hoppers are used for a 6,0 m wide panel. Hoppers and tubes shall be charged with concrete before lifting off
the excavation base allowing concrete to flow and displace overlying bentonite upwards. Bentonite shall be pumped back to
the recycling plant as it is displaced. Tremie pipe lengths shall be shortened as concrete level rises in panels to ensure fresh
concrete is present at the bentonite/ concrete interfaces. The discharge end of the tremie shall be at least 500 mm below the
surface of the concrete. Tremie pipes shall be removed when concrete rises to required levels. Concrete shall be cast to a
minimum of 750 mm above the required cut-off level and finished according to the Contract Documentation.

(viii) Panel rotation

The first panel constructed in a run of wall is termed a primary panel. During concreting excavation grab and base crane shall
be moved to a second location away from concreted panel to a position as designed by the Contractor to achieve his planned
panel construction rotation. There excavation shall be commenced on a second primary panel. The newly excavated panel
shall then be completed and concreted in the same manner as previously described. Subsequent panels completed adjacent

12-96



to completed panels are termed secondary or running panels. The final panel completed in a run of wall is termed the closing
panel since it closes out the length of wall.

(ix) Spoil

The Contractor shall, at his own cost, remove all spoil from the site and at all times ensure a clean and orderly workspace.

d) Water tightness

Water tightness shall be ensured through care in ensuring formation of the required recess through stop-end retrieval. A water stop shall
be considered when an impermeable condition is sought.

e) Anchors

Where ground anchors are required these shall be specified in the Contract Documentation and the requirements given in Section A12.2:
Ground Anchors and shall be installed at the specified locations.

f) Obstructions

Obstructions encountered during construction shall be dealt with as per the Contractor’s plan methodology presented and agreed as in
Clause A12.4.4.3.

dg) Monitoring and records

Monitoring and logging of all diaphragm wall construction operations shall be undertaken by Contractor and records shall be submitted to
Engineer before noon the following working day.

The records shall include:
- Daily records of all panel positions; depths of excavation, start and stop times, all construction parameters used, details of all
stoppages, breakdowns, slurry and concrete pumped at each position.
- Daily records of excavation quantities; bentonite usage, cement usage; steel installed; and any other details that may be required
for measurement purposes.
- Results of routine consistency tests (flow cone, density tests as specified) carried out on all batches of bentonite/ concrete mixed
and utilised,
- Any change in subsurface conditions which have or may affect changes in methodology or progress.
- Spoil volumes
- Details of anchors placed
Records shall be in a format agreed with the Engineer.

A12.4.8 WORKMANSHIP
A12.4.8.1 General

The Engineer shall undertake routine inspections and conduct routine tests to determine whether the quality of materials and workmanship
provided comply with the requirements of this section. Test results and measurements will be assessed in accordance with the provisions
of Clause A20.1.7 in Chapter 20 as specified in the Contract Documentation. The Contractor shall carry out the necessary process control
measures required in terms of Clause A1.2.8.1 of Chapter 1, as indicated in the approved Quality Assurance Plan and as may be specified
in the Contract Documentation.

A12.4.8.2 Sheet piling

The following approved quality control measures shall be carried out as may be applicable and as may be specified in the Contract
Documentation

a) Evaluation of exposed sheet pile walls

The Engineer shall inspect the exposed sheet pile sections for final workmanship; finishing off; horizontal and vertical alignment; and
anchor installations. Where walls are required for water control purposes borehole permeability tests may be specified in the Contract
Documentation.

b) Pull-out tests

Pull-out tests on anchors shall be performed according to Section A12.2: Ground Anchors and any other tests as may be prescribed in
the Contract Documentation.

A12.4.8.3 Diaphragm walls

The following approved quality control measures shall be carried out as may be applicable and as may be specified in the Contract
Documentation.

a) Evaluation of exposed diaphragm panel tops

The Engineer will direct which upper portions of which panels are to be exposed for uniformity, verticality and width measurements and
for further testing. Such testing may comprise coring 100 mm diameter cores from top or from the exposed sides of exposed panels.
Where specified, full length coring of the completed panels shall be carried out utilising appropriate, approved equipment, bits and core
barrels in the size indicated. Testing of selected core lengths may be instructed to prove the strength of the constructed panels. Where
diaphragm walls are required for water control purposes borehole permeability tests may be specified in the Contract Documentation. All
core holes shall be reinstated with a suitable non shrink grout as approved by the Engineer. Backfilling of any excavations shall be done
in 150 mm thick layers using the excavated or other approved materials to the specified density.

b) Acceptance criteria

The characteristic strength of concrete shall be as specified in the Contract Documentation. Results of strength tests on the concrete shall be
assessed according to Clause 20.1.7.5b)(ii) (Judgement Plan B) of Chapter 20.

12-97



(i)  Concrete panels:

Testing on completed / cast concrete panels shall be carried out as follows;

- UCS Testing of 100 mm diameter, 200-250 mm long drilled cores from constructed panels
- Coring the centre of constructed panels and UCS testing of selected cores

- Indicative compressive strength tests on 100 mm cubes made from concrete mix

- Any other tests as may be prescribed in the Contract Documentation

(i) Concrete

- Consistency - The consistency and workability of each batch of concrete shall be tested for consistency with the Slump
Cone. The slump shall be more than 150 mm and less than 200 mm. Ranges in values shall be determined as works
proceed and any significant variation from running average shall be immediately investigated and brought to the attention
of the Engineer.

- Concrete Cube Strength Testing - 150 mm cubes shall be made, cured and tested in accordance with SANS 3001-CO11
at frequencies specified in the Contract Documentation. Three cubes per test shall be required. The results of strength
tests on the concrete shall be assessed according to Clause A20.1.7.5b)(ii) (Judgement Plan B) of Chapter 20.

c) Bentonite slurry

A minimum of 2 samples of bentonite slurry shall be sampled daily. One 0,3 m below the panel surface and a second one at panel mid-
depth for process control testing by the Contractor. Important parameters for testing are:

- Measure of rheology to ensure slurry is appropriately fluid

- Slurry density prior to concreting to ensure satisfactory displacement

- Sand content to determine re-use

- pH of fresh bentonite

- pH of slurry as check for cement or other contamination

- Filtrate loss to check ability to form a seal (surface filtration via ‘filter cake’ formation) or geared toward deep filtration (percolating
through the filter cake) or rheological blocking (flow until restrained by shear strength)

The Engineer shall generally request testing to determine the density; viscosity (Marsh Cone); Fluid loss; pH, and sand content to verify
uniformity and compliance with the parameters established in the mix design and that listed in Table A12.4.8-1: Acceptance Criteria below.

d) Acceptance criteria
Acceptance or rejection shall be based on the Contractor’s ability to achieve the specified criteria which may include:
(i)  For concrete

- Required consistency and workability
- Attainment of 28 day specified characteristic strength of concrete cubes,
- Attainment of specified UCS results on cores,

(ii)  For bentonite powder**:

- Yield Point/ Plastic Viscosity Ratio of maximum 6
- Plastic viscosity greater than10
- Moisture contentless than 15 %
- Less than 2,5 % remaining on a 75 micron sieve
- A 6,4 % suspension of bentonite in distilled water, aged for 24 hours, should have a minimum viscometer dial reading of 30 at
600 rpm (American Petroleum Institute (API)RP13B).
**FEDERATION OF PILING SPECIALISTS BENTONITE SUPPORT FLUIDS IN CIVIL ENGINEERING January 2006

(iii)  For bentonite slurry:
The following table (API) provides acceptance criteria:

Table A12.4.8-1: Acceptance Criteria

Stages
Property Units Fresh Ready for re-use Before Test equipment
concreting
Density g/ml <1.10 <1.25 <1.15 Mud balance
Marsh viscosity sec 32-50 32-60 32-50 Marsh funnel
(946ml)
Fluid loss (30 min) ml <30 <50 n/a Filter press
pH 7-11 7-12 n/a pH meter
Sand content % n/a n/a <4 Sand content set
A12.4.8.4 Performance monitoring

Where so specified in the Contract Documentation wall movements shall be monitored by survey of other approved methods to ensure
the safety of any excavations and/or the efficacy of the support installed.
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PART B: LABOUR ENHANCEMENT
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C12.4 LATERAL SUPPORT

PART C: MEASUREMENT AND PAYMENT

(i) Preamble

The tendered rate for each pay item shall include full compensation for providing, operating, maintaining and decommissioning upon
completion, of all the construction equipment, labour, tools, incidentals and supervision to carry out the activity or construct the works in
the pay item as specified, unless otherwise stated.

Any prime cost or provisional sums shall be paid in accordance with the provisions of the conditions of contract. The charge or mark-up
tendered or allowed for is a percentage of the amount actually paid under the prime cost or provisional sum. This percentage shall
cover all the Contractor’'s handling, supervision, profit and liability costs to provide the services in the prime cost or provisional sum item.

The requirements of Clauses C1.1.1, C1.1.2 and C1.1.3 of Chapter 1 shall apply.

Where pay item descriptions include any wording in brackets it is an indication that contract specific information is to be inserted in the
Pricing Schedule included in the Contract Documentation.

(ii) Notes on measurement and pay ltems

1. Unless otherwise ordered or stated in the Contract Documentation, trench depths will be measured from the surface of the ground along
the centre-line of the trench to the bottom of the specified bedding layer (as applicable). Where no bedding is required it shall be
measured to the underside of the duct or pipe.

2. The ground surface will be that existing after any bulk earthworks have been carried out, i.e. the excavated surface or embankment
surface, unless a different sequence of execution has been ordered.

3.  Excavations will be measured as if taken out with vertical sides, regardless of whether they have been taken out with sloping sides.

4. The length used for trench computations will be the total through-length of a pipe or duct etc. from end to end and no deduction will be
made for manholes or access chambers etc.

5.  Wherever volumetric measurement is required, the volume will be computed from the depth determined as indicated in 1. and 2. above
and using the authorised width (W) determined in accordance with the specification.

6. Where shoring is specified or ordered, the length of shoring measured for payment will be the length of the centre-line of the trench.

(iii) Items that will not be measured separately

The following activities, whether required to complete the specified work or not, will not be measured and paid for separately and the
Contractor shall include the cost thereof in other pay items as the Contractor deems appropriate:

1. No separate payment will be made for backfiling excess excavations, disposing of surplus material etc. or any other contingent work,
unless the work is specifically specified or ordered.

2. No separate payment will be made for setting out the works.

3. No separate payment will be made for the protection or repair as required of any existing or new road furniture, structures, buildings,
infrastructure or services damaged by the Contractor’s activities and for complying with all the requirements of Clause A2.1.3.4.

4. No additional payment shall be made, nor shall any claim for additional payment be considered, for any specified work in confined or
restricted areas. Any additional costs associated with working in confined or restricted areas shall be deemed to be included in the
standard applicable pay items.

5. No separate payment will be made for the loading of any materials.

6. No separate payment will be made for the hauling of any materials where the material is moved over a distance of less than, and up to,
1,0 km.

7. No separate payment will be made for transporting materials from commercial sources irrespective of the haul distance.

8. No separate payment will be made for the removal of any surplus material imported to complete the works.

(iv) Items to be measured and paid for using items specified elsewhere in the specifications

None

(v) Items specifically for this section of the specification

Item Description Unit
C12.41 Site Establishment
C12.4.1.1  Sheet Piling lump sum
C12.4.1.2 Diaphragm Walls lump sum

The unit of measurement shall be the lump sum.

The tendered lump sum for site establishment shall include full compensation for establishing all necessary plant, equipment and services
on site to carry out the works as specified including all work in preparing the works area for construction activities and subsequent
removal from site of all such plant and equipment including all temporary works such as access roads, staging, platforms, coffer dams
and such like.

The work will be paid for by way of a lump sum, 50 % of which shall be payable when all major necessary equipment is on site, trials (if
any) are completed and the first production work started. The second instalment of 25 % is payable after half the specified work is
complete. The final instalment shall be payable after all work is complete, all equipment removed and the site restored as specified in
the Contract Documentation.
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Item Description Unit

C12.4.2 Moving to and setting up equipment at sections or sites to be defined
C12.4.2.1  Sheet Piling number (No)
C12.4.2.2 Diaphragm Walls number (No)

The unit of measurement shall be the number of positions to which equipment is moved and set up in position to execute the works as
described in the Contract Documentation. The quantity measured shall be the number of set ups at designated works positions (individual
pile position, or panel section of steel sheet piles, or diaphragm panel, as specified) inclusive of approved trial works positions as well as any
additional positions as may be instructed by the Engineer.

The tendered rates shall include full compensation for all costs involved in moving to and setting up required equipment at each works position.
Tendered rates shall include all costs in setting-up equipment and subsequent decommissioning.

Item Description Unit

C12.4.3 Setting out of works at sheet piling or diaphragm panel positions metre (m)

The unit of measurement shall be metres in length set out by a registered surveyor as per the Contract Documentation or as instructed by the
Engineer.

The tendered rate shall include for all costs incurred in setting out the works inclusive of transport, labour and all incidentals required to carry
out the work as specified. Payment will not be made for the re-setting out of positions lost for whatever reason.

Item Description Unit

C12.4.4 Sheet pile driving (individual sheet pile type or sheet panel extent specified) square metre (m?)

The unit of measurement shall be the net square metre of sheet piles installed.

The tendered rate shall include full compensation for supply of sheet piles to site; correct handling and storage of sheet pile elements,
driven installation and for all labour, plant and equipment required for installation to depths as required by the Contract Documentation, or
as instructed by the Engineer.

Item Description Unit

C12.4.5 Sheet pile extraction square metre (m?)

The unit of measurement shall be the area of pile sheet extracted.

The tendered rate shall include full compensation for sheet piles extracted, handling and storage; and ultimate removal from site inclusive
of all labour, plant and equipment required for these works as required by the Contract Documentation, or as instructed by the Engineer.

Item Description Unit
C12.4.6 Sheet pile and diaphragm wall supports (as specified)
C12.4.6.1 Props number (No)
C12.4.6.2 Anchors number (No)
C12.4.6.3 Tie-bars number (No)

The unit of measurement shall be the number of props or anchors or tie-bars (including designed deadman anchorages).

The tendered rate shall include full compensation for installation to Contract Documentation detail, including all labour, plant, materials
and equipment required.

Item Description Unit
C124.7 Sheet pile grouting
C12.4.7.1  Chemical grouting kilogram (kg)
C12.4.7.2 Jet grouting kilogram (kg)
C12.4.7.3 Compaction grouting kilogram (kg)

The unit of measurement shall be the kilograms (kg) of chemical or cement actually utilised for grouting as specified and approved by the
Engineer.

The tendered rates shall include for all labour, plant, equipment, materials, delivery, storing, mixing, pumping, drilling, injection and all
incidentals required. No payment will be made for any wastage or for rejected batches. Only verified quantities will be accepted for
measurement and payment.

The rates shall include quality control measures, testing of materials, monitoring and supervision of the works and the provision of daily records
for all items specified in the Contract Documentation.
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Item Description Unit

C12.4.8 Concrete placed by tremie under slurry in diaphragm walls (class of concrete indicated) cubic metre (m®)

The unit of measurement shall be the cubic metre (m?®) of concrete placed by tremie under bentonite slurry for the construction of diaphragm
walls.

The tendered rate shall include full compensation for supplying and storing all material, providing all plant, mixing, transporting and placing
the concrete by tremie methods

Item Description Unit

C12.4.9 Partial Excavation of Panels cubic metre (m°)

The unit of measurement shall be the cubic metre (m®) of material excavated for inspections and testing adjacent to panels and removed to
stockpile for backfilling operations or to spoil.

The tendered rate shall include full compensation for the excavation to expose the panels and shall include for the backfilling thereof as
specified. The rate shall include for all labour, plant and equipment required for such removal and backfilling as required by the Contract
Documentation, or as instructed by the Engineer. No overbreak shall be paid for excavation beyond the theoretical excavation boundaries.

Item Description Unit
C12.4.10 Cement, additives, bentonite, aggregate and fillers )
C12.4.10.1 Cement kilogram (kg)
C12.4.10.2 Bentonite kilogram (kg)
C12.4.10.3 Fine/ coarse aggregate (specify) kilogram (kg)
C12.4.10.4 Other fillers (specify) kilogram (kg)

The unit of measurement shall be the kilogram of materials actually utilised for diaphragm wall construction as specified and approved by the
Engineer.

The tendered rates shall include for all labour, plant, equipment, materials, delivery, storing, mixing, pumping, placement and all incidentals
required. No payment will be made for wastage or rejected batches. Only verified quantities will be accepted for measurement and payment.

The rates shall include quality control measures, testing of materials, monitoring and supervision of the works, daily records of all items
specified in the Contract Documentation.

Item Description Unit

C12.4.11 Bentonite slurry re-use cubic metre (m®)

The unit of measurement shall be the volume of bentonite slurry pumped for re-use.

The tendered rate for re-used bentonite slurry shall be for full compensation of pumping from completed panels to storage; cleaning and
removal of sand from used slurry to design standards; storage and pumping to new panel positions. Rates shall include for all plant; labour
and equipment necessary for this process. All activities associated with bentonite slurry re-use shall be to the requirements of the Contract
Documentation, or as instructed by the Engineer.

Item Description Unit

C12.4.12 Steel reinforcement ton (t)

The unit of measure for steel bars shall be the ton of reinforcing steel in place in accordance with the drawings or as authorised.

The tendered rate shall be for full compensation in procuring the steel, bending, cage reinforcement construction, pitching and installation
and shall include for all plant required for reinforcement cage installation; labour and equipment necessary

Item Description Unit

C12.4.13 Exposing tops of selected concrete panels number (No)

The unit of measurement shall be the number of concrete panel tops exposed for inspection, measurement and testing.

The tendered rate shall include for all plant, excavating the material around selected panels as well as backfilling of excavations with suitable
approved material in 150mm layers compacted to the required density.

Item Description Unit
C12.4.14 Coring of concrete panels
C12.4.141  Setting up at completed panels number (No)
C12.4.14.2 Dirilling and core recovery (size indicated) metre (m)
C12.4.14.3  Provision of core boxes number (No)
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C12.4.14.4 Extra-over for inclined drilling metre (m)

The unit of measurement shall be per set-up at coring positions selected and pointed out by the Engineer; length of core actually recovered;
the provision of core boxes capable of accommodating a minimum 7,5 m of core, and for for inclined drilling into panel sides.

The tendered rate shall include for establishment; labour, plant, delivery, core storage, monitoring, drilling supervision, core logging, removal
of samples for laboratory testing, and demobilisation shall be included in the above rates tendered.
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D12.4 LATERAL SUPPORT

PART D: GUARANTEES AND COMPLIANCE CERTIFICATES

The Contractor shall provide detailed specifications and certificates from independent reputable agencies for all proprietary casing/sleeves
and materials proposed for use. These shall demonstrate conformance with the performance requirements stipulated in the Contract
Documentation.

CONTENTS

D12.41 SCOPE

D12.4.2 GENERAL

D12.4.3 PERFORMANCE GUARANTEE REQUIREMENTS
D12.44 FUNCTIONAL PERFORMANCE ASSESSMENTS
D12.4.5 VISUALLY ASSESSED PROPERTIES

D12.4.6 INSTRUMENTALLY ASSESSED PROPERTIES
D12.4.7 EVALUATION FOR ACCEPTANCE

D12.4.8 ADDITIONAL PROCEDURES TO BE ADOPTED IN THE EVENT OF FAILURE
D12.4.9 NOTIFICATION OF REMEDIAL WORK

D12.4.10 REMEDIAL WORKS

Where applicable, details must be provided in the Contract Documentation.

D12.4.1 SCOPE

No specific items in this Section.

D12.4.2 GENERAL

No specific items in this Section.

D12.4.3 PERFORMANCE GUARANTEE REQUIREMENTS

No specific items in this Section.

D12.4.4 FUNCTIONAL PERFORMANCE ASSESSMENTS

No specific items in this Section.

D12.4.5 VISUALLY ASSESSED PROPERTIES

No specific items in this Section.

12.4.6 INSTRUMENTALLY ASSESSED PROPERTIES

No specific items in this Section.

D12.4.7 EVALUATION FOR ACCEPTANCE

No specific items in this Section.

D12.4.8 ADDITIONAL PROCEDURES TO BE ADOPTED IN THE EVENT OF FAILURE

No specific items in this Section.

D12.4.9 NOTIFICATION OF REMEDIAL WORK

No specific items in this Section.

D12.4.10 REMEDIAL WORKS

No specific items in this Section.
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A12.5 SHOTCRETE

CONTENTS

PART A: SPECIFICATIONS

A12.51 SCOPE

A12.5.2 DEFINITIONS

A12.53 GENERAL

A12.5.4 DESIGN BY CONTRACTOR/PERFORMANCE BASED SYSTEMS
A12.5.5 MATERIALS

A12.5.6 CONSTRUCTION EQUIPMENT

A12.5.7 EXECUTION OF THE WORKS

A12.5.8 WORKMANSHIP

PART B: LABOUR ENHANCEMENT
PART C: MEASUREMENT AND PAYMENT
PART D: GUARANTEES AND COMPLIANCE CERTIFICATES

PART A: SPECIFICATIONS
A12.51 SCOPE

This Section covers supply and application of shotcrete to rock and soil cut faces, soil nail faces, slope stabilisation and slope remediation,
and other areas as directed by the Engineer. It includes supply and application of shotcrete by either dry or wet-mix methods and for
reinforcement included in shotcrete layers. Sprayed concrete applied onto concrete faces is covered in Section A14.6 of Chapter 14:
Rehabilitation of Structures.

A12.5.2 DEFINITIONS

Dry-mix shotcrete - constituent materials, comprising of a mixture of cementitious binder and aggregates, are mixed and delivered to the
application nozzle in dry form. Water and admixtures are added at the application nozzle under high pressure while being sprayed onto the
receiving surface.

Shotcrete - means mortar or concrete which can be pneumatically projected at high velocity onto a surface.
Dental Shotcrete - is shotcrete applied to fill/cover or repair of a specific area/feature

Shotcreting - is the process whereby mortar or concrete is pneumatically projected at high velocity onto a surface. It can comprise of dry-mix
or wet-mix shotcreting.

Wet-mix shotcrete - constituent materials, comprising of a mixture of cementitious binder, aggregates, water and admixtures, are premixed
and delivered to the application nozzle as a wet-mix before being sprayed onto the receiving surface.

A12.5.3 GENERAL
A12.5.3.1 Method Statements

Where so indicated by the Engineer the Contractor shall prepare detailed method statements for each facet of the work describing key
aspects such as construction methodology, key plant, materials, personnel as well as any programme constraints of the envisaged
construction process.

These method statements shall be prepared and submitted to the Engineer for approval prior to commencement of that activity, within time
scales specified. The onus lies with the Contractor to ensure that the information is obtained and that associated activities are completed
expeditiously to avoid any delays in the commencement, continuation and completion of the required works. Unless otherwise specified
or provided for in the Contract Documentation no permanent works shall be commenced until the Engineer’s approval of the relevant
method statement. The Contractor shall, however, remain responsible for all work-methods, materials, plant and equipment used,
notwithstanding acceptance by the Engineer

The Contractor shall be required to construct trials and the testing thereof as specified herein and shall make due allowance therefore in
his programme. Allowance shall also be made for allow for the Engineer’'s assessment of constructed works, procedures followed, and
materials and plant utilised and test data. Production work shall not be permitted until it is shown and accepted by the Engineer that the
Contractor possesses the necessary experience, plant and equipment to carry out the works as specified in the Contract Documentation.
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It should be noted that work shall only be performed by personnel listed by the Contractor. If personnel changes need to be made during
the project, works shall be suspended until replacement personnel are approved by the Engineer. Time lost due to incomplete
submissions, unacceptable submissions, or obtaining approval of replacement personnel will not be considered as cause for extension of
time or delay claims. All costs associated with incomplete, replacement, or unacceptable submissions shall be to the Contractor’s cost.

Once approved in writing by the Engineer, these shall become the method statements in accordance whereby the relevant portion of the
works shall henceforth be executed. Notwithstanding, the Engineer may require revision from time to time if circumstances during
construction arise which warrants change.

A12.5.3.2 Materials and materials design approvals

All materials used in the works described hereunder shall meet the appropriate standards given below and/or specified in the Contract
Documentation and shall be subject to the approval of the Engineer. The contractor shall submit product certificates, conformance
documentation (as per Part D) related to the specifications, test results as required together with samples of materials and where applicable,
materials designs that he proposes to use in the construction of the works to the Engineer for his acceptance/approval as provided for in
the contract documentation.

Due allowance shall be made for obtaining materials, resubmissions and re-designs, all to the required/approved standards, methods and
practices in attending to these requirements. Particular attention shall be paid to the early submission of materials-, concrete- and grout
mix designs where parameters at various ages may be specified. No consideration for extension of the contract period will be entertained
for delays incurred in meeting these requirements.

The Contractor’s attention is drawn to the approvals required as indicated in Table A12.5.3-1 below regarding works carried out under this
section of the works:

Table A12.5.3-1: Approvals required
Clause Requirements* Period

Materials Design Approvals
A12.54.2 Shotcrete mix design 6 weeks before
construction

Materials Approvals

A12.5.5.4 Admixtures 1 week prior to use
A12.5.5.11 Curing compounds 1 week prior to use
A12554 Test panels 6 weeks before

construction

Construction Method Statements*

A12.5.7 Method statements 6 weeks before
construction
A12.5.7.6 Fixing systems for reinforcement 1 week prior to use

* Including all relevant information

A12.5.4 DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS
A12.5.41 General

Where design by the Contractor for any technique or aspect or segment or portion of the works to be carried out, is, in terms of the
Contract Documentation, the responsibility of the Contractor, all aspects given below shall be taken into consideration in carrying out
these obligations.

The following shall be specified (where applicable) by the Engineer and reflected in the Contract Documentation:

- Techniques and methods to be followed

- Site specific requirements

- Limits of the area and thickness/ cover

- Shotcrete mix composition

- Shotcrete pigmentation

- Shotcrete strengths, post treatment properties, durability and any other deliverables as may be appropriate
- Layout of treatment positions

- Sequence of shotcrete applications

- Ancillary items such as reinforcing and drainage

- Quantities of shotcrete to be used

- Monitoring of works

- Measureable properties to be achieved over the life span of the project

- Environmental and safety requirements specific to the techniques to be executed
- Monitoring and record keeping requirements.

The following information will be generally provided in the Contract Documentation:

- A definition of the objectives and the control criteria
- Investigation data including subsurface geological information, hydrological data and geotechnical parameters
- Test data, borehole logs and recovered core samples

The following additional aspects, shall also be addressed where applicable

- Finishing off of treatment area to specified lines and levels, whether materials are to be removed, removed and replaced by other
materials, processing of materials and all other measure to be carried out in meeting requirements as specified in the Contract
Documentation.
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- The Contractor shall provide a quality management plan indicating his proposed quality assurance testing program which shall allow
for testing at each treatment position. Testing methods to be employed shall be as specified in the Contract Documentation.

A12.5.4.2 Shotcreting

Where so specified the Contractor shall prepare a detailed construction proposal/design detailing all plant, equipment and materials to be
employed in meeting the geotechnical shotcreting objectives and performance requirements detailed in the Contract Documentation. In
compliance herewith the Contractor shall address all the aspects given in Clause A12.5.4.1 above.

The Contractor shall be responsible for the design of a suitable cementitious mix for shotcreting which shall be presented for approval by
the Engineer with due consideration of the following:

- Availability of cementitious products in the quantities required for production
- Achievement of specified characteristic strength in the mix
- Consistency and pump-ability of the shotcrete

The following procedure shall be applicable:

- Obtaining samples of mix constituents with verification of required properties through laboratory testing

- Carrying out mix designs

- Production of trial mixes in the laboratory to allow for sampling and testing of shotcrete

- Production of trial mixes by production plant to allow for the sampling and testing of the shotcrete test panels

- Carrying out adjustments to mix designs as may be required and repeating laboratory and production plant trial mixes to allow
for sampling and testing of shotcrete

- Obtaining the Engineer’s approval of the mix.

Note that the above design shall be carried out by competent personnel following the relevant approved/ specified mix design procedures.
Slump of various mixes shall be determined to provide a basis for ongoing quality assurance during production shotcreting.

The Contractor shall submit his proposed cementitious shotcrete mix design for shotcreting accompanied by all relevant information for
approval by the Engineer. Lead time as per Table A12.5.3-1 is required for this information. It should be noted that shotcreting will only
permitted to proceed if the Engineer is satisfied that the mix meets the minimum performance criteria specified including 28 day
characteristic strength of the shotcrete as specified in the Contract Documentation.

Any changes to the mix after the Engineer’s approval shall only be permitted if approved in writing by the Engineer.

A12.5.5 MATERIALS

A12.5.5.1 Cementitious binder
Refer to Clause A14.4.5.2a) of Chapter 14.
a) Cement

Cement shall be CEM | or CEM Il with a strength class of 42,5 or greater. Where site blends are proposed, they shall conform to the
particular requirements of SANS 50197 - 1. (As per Clause A14.4.5.2a) of Chapter 14).

b) Supplementary cementitious materials

Refer to Clause A13.4.5.1b) of Chapter 13.

A12.5.5.2 Aggregates
Aggregate shall conform to the requirements of Clause A13.4.5.7 of Chapter 13 and SANS 1083.

A12.5.5.3 Water
Water used for batching of shotcrete hall be potable, complying with SANS 51008.

The supply of water to the mixing nozzle shall be such that a pressure of at least 400kPa can be maintained.

A12.5.54 Admixtures

Shotcrete admixtures shall comply with SANS 50934 and shall be submitted to the Engineer together with the proposed mix design for
approval prior to commencement of work. Admixtures shall have no deleterious effects on reinforcement or shotcrete, and shall not contain
any chlorides, nitrates, sulphides or sulphites. Where more than one admixture is included in the shotcrete mixture, they shall be chemically
compatible. Approval of the shotcrete admixture shall be subject to satisfactory demonstration of suitability of the proposed shotcrete
mixture through the construction of trial panels and acceptable quality assessments conducted on a minimum of three test panels
representing three independently batched shotcrete mixes.

A12.5.5.5 Integral permeability reducing technology
Refer to Clause A13.4.5.5 of Chapter 13.

A12.5.5.6 Pigments and colouring agents

Pigments and colouring agents shall comply with the requirements of Clause A14.6.5.6 of Chapter 14.

A12.5.5.7 Fibres

Fibres shall conform to the requirements of Clause A14.6.5.7 of Chapter 14.

12-107



A12.5.5.8 Reinforcement

All reinforcement shall comply with Section A13.3 of Chapter 13 of these specifications. Reinforcement type and description shall be
welded steel fabric mesh reference number 395 (SANS 1024) unless otherwise specified in the drawings or Contract Documentation.

A12.5.5.9 Compressive strength, ultimate flexural strength and energy absorption capacity

The Contractor shall be responsible for design of the shotcrete mix in order to produce shotcrete that complies with the requirements for
each class of shotcrete.

Class of shotcrete is indicated by the designated code SP, the characteristic cylinder compressive strength in MPa at 28 days. For
example, SP25 means shotcrete with a characteristic cylinder strength of 25 MPa after 28 days.

Minimum ultimate flexural strength requirements shall be as shown in drawings or as specified in the Contract Documentation.

In special applications, reinforcement in the form of flexible high tensile wire mesh, double twist mesh and chain link-type systems shall
be specified in the Contract Documentation or shown on drawings as encapsulated in shotcrete. Particular details of the earth spikes, soil
nails, rockbolts and other reinforcement fastening system shall be shown on the drawings or specified in the Contract Documentation.

Where required, the minimum energy absorption capacity of fibre reinforced shotcrete shall be specified in the Contract Documentation
or indicated on the drawings. Energy absorption capacity shall be determined from a slab specimen, tested at 28 days in accordance with
EN 14488-5.

A12.5.5.10 Drainage systems, geopipe collectors and weepholes
Weephole material shall be uPVC pipes and shall comply with SANS 966-1.

Water collection geopipes shall be perforated or slotted uPVC pipes that comply with SANS 791.The size of perforations in perforated
pipes shall in all cases be 8,0 mm in diameter plus or minus 1,5 mm, and the number of perforations per metre shall not be fewer than
twenty-six for 100 mm pipes and fifty-two for 150 mm pipes. Perforations shall be spaced in two rows for 100 mm pipes and in four rows
for 150 mm pipes. Slotted pipes shall have a slot width of 8,0 mm with a tolerance of 1,5 mm. Arrangement of slots shall be subject to
approval by the Engineer, but the total slot area shall not be less than that specified for perforations. Installed pipes shall protrude 20 mm
beyond the surface of final shotcrete layer and have their inner slotted section end wrapped with a single layer of approved geosynthetic.
Pipes without slots or perforations required for transporting water from the drainage system to point of discharge shall be uPVC.

Geocomposite/geosynthetic drains shall be of type and grade specified in the Contract Documentation and shown on the drawings. Strip
or band drains generally 150mm wide known as Type DN3 band drains wrapped in Grade A3 geosynthetic which discharge into weepholes
installed through shotcrete lining are commonly specified. Such shall be detailed on the drawings where these drain types are specified.

These materials shall be protected against sunlight and mechanical damage during storage and installation. Geosynthetics shall be non-
woven, spun or thermic-bonded continuous filament consisting of more than 85 % by mass of polypropylene, polyester or other approved
material and manufactured for civil-Engineering applications by a recognized manufacturer.

In special applications requiring particular drainage measures, shotcrete may require application over vegetation, matting or other bonded
open-structured geosynthetic. Geosynthetic requirements shall be specified in the Contract Documentation and shown on drawings.
A12.5.511 Curing compound

a) General
Refer to Clause A13.4.5.8 of Chapter 13.

b) Storing materials

Constituent materials shall be stored and handled so that quality is not impaired, for example by action of climates, intermingling or
contamination, and that their conformity with the respective standard is maintained.

c) Cement

Cement stored on the site shall be kept under cover which provides adequate protection against moisture and other factors which may
promote deterioration.

Cement supplied in bags shall be closely and neatly stacked to a height less than twelve bags and arranged so that they will not be in
contact with ground, floors or walls, and can be used in the order in which they were delivered to site.

Cement supplied in bulk shall be stored in waterproof containers designed to prevent any dead spots from forming.
Cement drawn for use shall be measured by mass.

Cement shall not be kept in storage for more than 8 weeks without the Engineer’s approval and different brands or types of cement shall
be stored separately as determined by the manufacturer’s requirements.

d) Pre-bagged shotcrete mixture
Dry pre-bagged shotcrete mixtures shall comply with EN1504-3 and shall be stored on site according to the requirements for storing
cement. Pre-bagged shotcrete mixtures shall not exceed shelf life determined by manufacturer and shall not be kept in storage for
longer than eight weeks without the Engineer’s permission.

e) Aggregates
Aggregates stockpiled on site shall not be contaminated.

Aggregates of different nominal sizes shall be stored separately and in such a manner to avoid segregation from occurring. Intermixing
of different materials and contamination by foreign matter shall be avoided. Aggregates exposed to a marine environment shall be covered
to protect them from salt contamination.
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Fine aggregate shall be stored in such a manner that moisture content is kept constant at all times. The moisture content of fine aggregate
stockpiles shall be less than 8 % by mass when a dry mix shotcrete is used.

Where shotcrete is batched on site, aggregates shall be stored in covered heaps placed on a suitable impermeable floor lining to prevent
contamination during storing and handling aggregate. This lining shall be sloped to facilitate drainage.

f) Storage capacity

Storage capacity provided and quantity of material stored, whether cement, aggregates, admixtures or water, shall be sufficient to ensure
that no interruptions to work-progress of the project is occasioned by any lack of materials.

g) Deteriorated material

Deteriorated, contaminated or otherwise damaged material shall not be used in shotcrete. Rebound material shall be deemed to be
contaminated material. Such material shall be removed from site and spoiled without delay.

A12.5.6 CONSTRUCTION EQUIPMENT
A12.5.6.1 General

Plant used for shotcreting shall be based on proven technology within the industry and shall be in good working order. Plant shall be
inspected, serviced and calibrated at regular intervals and tested to ensure system functionality, efficiency and accuracy; all to Engineer-
satisfaction.

A12.5.6.2 Spraying equipment

Type and capacity of delivery hoses and nozzles shall be such as to ensure a uniform mix and supply of mix ingredients to mixing nozzle,
thereby obtaining correct consistency and a uniform discharge rate from nozzle.

The Contractor shall provide on-site a standby hose of capacity similar to the one in use to maintain continuity of work in case of a hose
blockage. Hoses shall be blown clean before any work is stopped.

a) Dry-mix process

Air operating pressure supply at the gun outlet shall be greater than 240kPa, and shall, as a minimum, be capable at all times of maintaining
a discharge nozzle velocity of 90 to 120 m/sec. Water added at nozzle shall be supplied at a uniform pressure of 100kPa greater than air
pressure at nozzle.

Supply of water to mixing nozzle shall be such that a pressure of greater than 400kPa or as dictated in the approved method statement
can be maintained.

b) Wet-mix process

Air compressors and delivery hose lines shall be of adequate capacity and size to provide a pressure of greater than 240kPa at nozzle
for 25 mm nozzles and proportionally greater for larger nozzles or as dictated in the approved method statement.

A12.5.7 EXECUTION OF THE WORKS
A12.5.71 Mix design

The Contractor shall submit details of the proposed shotcrete mix proportions prior to commencement of shotcrete activities for approval
as per Clause A12.5.4.2. Shotcrete operations shall only commence after approval of the mix design. The Contractor shall allow
adequate programme-time for design and approval of the shotcrete mix design. Mix ingredients and material source shall not be altered
during construction without the prior approval of the Engineer. Shotcrete shall be designed to yield a 28-day characteristic compressive
strength as shown on the drawings for different application areas or as specified in the Contract Documentation.

A12.5.7.2 Certification of skilled operators

Only experienced foremen, gunmen, nozzlemen and rodmen shall be employed, and satisfactory evidence of such experience shall be
furnished with the Engineer. Nozzlemen shall be highly skilled craftsman with demonstrable personal project history exceeding 4000
hours of spraying concrete as the responsible nozzleman, or minimum 5 years’ referenced experience as responsible nozzleman. A
nozzleman without demonstrable practical experience as specified above shall be trained and certified as a nozzleman for the proposed
shotcrete process and proposed spraying orientation in accordance with the standards of, for example, the Shotcrete/ Sprayed Concrete
Association (UK), American Shotcrete Association, American Concrete Institute or other relevant certification authority approved by the
Engineer.

Preconstruction trial panels

The Contractor shall provide trial panel formers made of nominal 20 mm thick shutter ply, size 600 mm by 900 mm skirted with
reinforcement as detailed in drawings, or where no reinforcement is required a light expanded metal mesh, standing at least 200 mm
high around panel-edges.

Where ultimate flexural strength requirements are specified, additional trial panels will be required.

Where energy absorption capacity is specified, specimen slabs constructed in accordance with EN14488 shall be required.

A12.5.7.3 Surface and slope preparation

All soil and rock to be covered with shotcrete shall be neatly trimmed manually where required and thoroughly cleaned with compressed
air to remove all loose fragments of rock and soil as required, the Contractor must make allowance for the Engineer to approach within
2,0 m of any portion of area to be covered with shotcrete. Where soft material is to be covered with shotcrete, only obviously loose
material shall be removed and boulders shall be thoroughly cleaned with compressed air. The area of soft material shall be accurately
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graded to plan dimensions and shall be thoroughly compacted, with sufficient moisture to provide a firm foundation to prevent absorption
of water from the shotcrete, without free surface-water. An initial layer of shotcrete with specified nominal thickness shall be applied to
approved, clean areas of soft material with minimum time delay. Irregular and rough rock contours, particularly rock surfaces resulting
from drill and blast excavation techniques, may require the application of an initial smoothening layer of shotcrete to a specified nominal
thickness.

When shown on the drawings, joints, side formwork, headers, and shooting strips shall be provided for backing or panelling, stainless
steel gauging wires, spacers, inserts and profile boards shall be used where necessary to establish and control thicknesses, surface
planes, and finish lines during application of the shotcrete.

Geocomposite band drains shall be installed at the required locations as specified in the Contract Documentation and drawings prior
to initial shotcrete application. Groundwater seepage shall be collected in hoses, pipes or other drainage systems to prevent damage,
and reduced shotcrete quality.

A12.5.7.4 Formwork

Formwork and shooting strips for shotcrete shall be employed to ensure square corners, straight lines and a plane surface of shotcrete,
except as otherwise permitted by the drawings or the Engineer’s approval. Formwork and shooting strips shall be designed and placed
to avoid pockets of rebound.

A12.5.7.5 Fixing of reinforcement

Reinforcement shall be securely fixed over initial shotcrete layer/s by fastening to dowels and, where necessary, ties embedded in
shotcrete via gun nails, “n” bolts or other approved fixing systems.

Reinforcement shall be fixed so that it lies snugly against the initial shotcrete layer ensuring it will not vibrate during application of
successive shotcrete layers thereby ensuring voids are not formed between the shotcrete layers. Where sudden concave or convex
surfaces preclude this, the reinforcement may be cut so that smaller pieces can be formed into the curved surfaces. The minimum overlap
of mesh reinforcement shall be 150 mm, unless otherwise mandated by specific requirements of flexural or energy absorption
reinforcement systems. Spacers shall be used behind mesh where required and where no flashcoat has been placed.

The Contractor shall provide details of the fixing system he proposes to use to the Engineer one week prior to use. Improvements/
changes shall be carried out during shotcreting as directed by the Engineer.

A12.5.7.6 Weather limitations

Shotcrete shall not be placed on a frozen surface or when ambient temperature is less than 5 degrees Celsius; nor shall it be placed
when it is anticipated that temperature during the following 24 hours will drop below 1 degree Celsius. Application of shotcrete shall be
suspended if high winds prevent proper application, or if rain occurs since this would wash out shotcrete mortar.

A12.5.7.7 Mixing and batching

Cement, aggregates, fibres, admixtures and approved additives shall be batched by mass to an accuracy of approximately 5 %.

For wet- and dry-mix spraying methods, the mixer shall be capable of achieving a uniform distribution of constituent materials. Mixing
shall continue until the mix exhibits a homogenous appearance, ensuring complete coating of fine aggregate particles with cementitious
material and for a period of more than 90 seconds thereafter. Special care shall be taken when adding fibres to ensure uniform dispersion.

Any mix spilled during handling or ejected from shotcreting-equipment shall not be re-used. The mix shall be screened prior to gun-
loading to prevent inclusion of stones, cement bag scraps or other foreign materials. Prepared batches shall be discharged through the
nozzle within 60 minutes of mixing.

A12.5.7.8 Delivery
a) Dry-mix process

Shotcrete shall be applied as dry as practicable to prevent shrinkage cracking, while ensuring a compacted dense homogeneous mass.
Appropriate measures shall be taken to ensure that fresh concrete remains sufficiently workable until end of spraying.

Dry mix compositions with moist aggregate shall normally be applied within 60 minutes after mixing and shall be discarded after such
elapsed period. If more than 60 minutes is required until the end of spraying of a batch, open time provided by the chosen measures shall
be demonstrated and verified in advance to the Engineer’s satisfaction.

Dry mix composition with oven or kiln dried aggregate may be stored for a limited time but shall be applied immediately after mixing with
water. Oven or kiln dried material should be pre-dampened before the nozzle or before it is loaded in the spraying machine. When adverse
weather conditions require use of quickset cement, procedures shall be adjusted to allow for limited open time of the mix.

Detrimental changes in the dry mix, such as segregation, or other changes shall be minimized during loading, transporting and unloading
as well as during conveying on site. Plant shall be chosen, screened off and suitably controlled in a manner that prevents excessive
cement dust generation and aggregate separation.

b) Wet-mix process

Measures shall be taken to ensure that mixed constituents remain sufficiently workable until end of spraying. Normal workability time shall
be determined by pre-construction tests on test panels. If work requires longer workability times it shall be verified by additional tests. Wet
mix compositions shall be applied within 60 minutes after mixing and shall be discarded after such elapsed period. Detrimental changes
to the base mix, such as segregation, bleeding, paste loss, or other changes shall be minimized during loading, transporting and unloading
as well as when being conveyed on site.

A12.5.7.9 Application of shotcrete

Mix temperature and consistency of shotcrete on site shall be monitored and controlled to ensure conformity before shotcreting. All
adjustments of the shotcrete stream through nozzle, whether air pressure, accelerator or shotcrete stream, shall only be performed when
the nozzle is turned away from the substrate. Shotcrete shall be composed and sprayed in a manner to limit rebound. Important factors
influencing rebound, such as concrete composition, nozzle angle and the distance to substrate, accelerator dosage, particular area of
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application, etc. shall be carefully controlled and monitored on a continuous basis during application by competent Contractor supervisory
staff.

The nozzle shall be directed, wherever possible, normal to the application surface, to produce a layer of optimum density and thickness,
with full encasement of reinforcement and minimum rebound. The distance between the nozzle and shotcrete surface is determined
according to site conditions and the possibility of obtaining good compaction, full encasement of reinforcement, and minimum rebound.
For rock support normally a distance of 1,0m to 2,0m is recommended, although site conditions may dictate an application distance
outside this suggested range.

Thickness of each shotcrete layer depends on several parameters and shall be based on site conditions and composition of the mix.
Specified nominal shotcrete thickness may necessitate the application of two or more layers in order to avoid sagging and sloughing,
particularly with overhead work. Thickness of layers may be increased via use of admixtures such as accelerators; extenders such as
silica fume, or the use rapid-hardening cements.

A subsequent layer shall not be applied before the preceding layer is able to support it. Earlier applied shotcrete, should considerable
time elapse between placement of different layers to obtain specified nominal thickness, shall be cleaned either by blowing with
compressed air, high pressure washing, brushing or sand blasting and rewetted until suction of substrate, and consequent risk of an
adverse influence on the subsequent shotcrete layer, is mitigated, as approved by the Engineer.

All shotcrete shall be of a homogenous composition without any inclusion of rebound. Overspray and loose rebound material shall be
removed from surrounding areas and from substrate before shotcrete is applied to new or subsequent sections. Pre-wetted substrates
shall be free from running water.

When spraying on or through reinforcement, consequence of rebound and shadow effects shall be carefully taken into account and
particular attention given to minimize all possible negative effects. Mitigation measures may include ensuring that the air stream velocity
around reinforcement is sufficient and ensuring encapsulation of reinforcement is completed as soon as practical with adequate cover
over reinforcement and preventing poor compaction, if spraying with fibres onto other types of reinforcement.

A12.5.7.10 Finishing

The finished surface shall generally follow the contours of the roughly trimmed face such that it mimics the natural rock faces. It shall,
however, be free from rebound pockets or other defects. The inclusion of fibres may affect the finish obtained. The types of finish shall
be designated on the drawings by the following:

- SU: Undisturbed nozzle finish

- ST: Trowelled finish

- STB: Trowelled and brushed

- STF: Trowelled and flash-coated

- STW: Trowelled and wood floated.
The general procedure for achieving required finishes shall be:
Undisturbed nozzle finish (SU)

- The sprayed surface shall be brushed with a soft plasterer’s brush approximately one hour after placement to remove adhering
rebound dust and to prevent surface crazing.

Trowelled finish (ST)

- The surface shall be trowelled when the shotcrete exhibits initial set to obtain a uniform curved or plain surface true to line and
shall then be finished with one of the following treatments if so specified:

Brush-coated (STB)
- Coating of the trowelled surface with a cement mortar slurry using a soft broom or brush to give a soft “brushed effect”
Flash-coated (STF)

- Coating the trowelled surface with a thin uniform layer approximately 3,0 mm thick of shotcrete at least four hours after trowelling
but not later than eight hours.

Wood-floated (STW)

- Floating the trowelled surface with a wood float to produce a smooth even surface free from trowel marks

A12.5.7.11 Rebound material

Rebound material shall not be re-used. Rebound material shall be removed from all future working areas and may not be covered up
by subsequent applications of shotcrete. It shall also be cleaned from the surface of any finished work. Where coarse aggregate >10
mm is used, higher rebound volumes are anticipated. There may be an increased proportion of fibres in rebound when fibres are used.
Appropriate correction to mix design will be required.

A12.5.712  Properties of hardened shotcrete

a) Compressive strength

For the purpose of determining compressive strength, characteristic cylinder strength, determined from cores extracted from test panels,
using 75 mm diameter, 150 mm high cylinders prepared strictly in accordance with SANS 3001-CO2-2 and tested in accordance with
SANS 3001-CO2-3 at a sample age of 28 days. Compressive strength classes shall conform to Table A14.6.7-1 of Chapter 14 For
particular uses, it may be necessary to specify compressive strength at ages earlier or later than 28 days, or after storage under special
conditions. In assessing strength, other sizes of specimens and other curing regimes may be used provided that relationship to those
standardised is established and documented.
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b) Flexural strength

Ultimate flexural strength shall be determined from beam specimens cut from test panels, tested at 28 days in accordance with SANS
5864.

c) Energy absorption capacity

Energy absorption capacity shall be determined from a test panel slab specimen, tested at 28 days, in accordance with EN 14488-5, and
shall conform to specified energy absorption class defined in Table A14.6.7-2 of Chapter 14.

A12.5.7.13  Construction joints

Once a section of work has commenced, the application of shotcrete shall be continuous up to the construction joints shown on the
drawings or up to approved locations. All construction joints shall be standard feathered type joints, for last mix of the day the shotcrete
layer shall be tapered to a fine edge which shall be wet and cleaned with an air or water blast before joining the following day’s work.

Irregular edges shall be cut back to straight lines before commencing with further work.

A12.5.714 Weepholes

Weepholes comprising nominal 50 mm diameter uPVC piping shall be installed at those positions indicated on the drawings or as
otherwise Engineer-instructed. Pipes shall protrude 20 mm beyond the surface of final shotcrete layer and have their inner end wrapped
with a single layer of geosynthetic. Weepholes shall be positioned to intersect seepage anticipated from soft zones or fixed in position to
butt against angled or vertical geosynthetic band drains. Weepholes shall be positioned prior to application of initial shotcrete layer with
the geosynthetic end hard against substrate face.

Outer ends of the pipes shall be adequately protected during application of shotcrete. Protective plugs shall be removed after spraying
and pipe checked to ensure no shotcrete material entered any of the weepholes.

A12.5.7.15 Control test panels

The Contractor shall produce control test panels, fully complying with requirements of the preconstruction trial panels, alongside every
new stage of the work. A minimum of one control test panel required per lot of shotcrete, and at least one per day. At the start of or during
work, nozzle operator shall produce test panels alongside and in similar orientation to the work. These test panels shall be protected and
cured in the same manner as the work.

A12.5.7.16  Edge detail of shotcrete

Details of finishing off shotcrete at the brow and edges shall be indicated on drawings. Methods to terminate shotcrete at the perimeter
shall prevent surface water from undermining the shotcrete. For tender purposes, allowance shall be made for trench excavation along
the perimeter with nominal dimensions of 0.5m wide and 0.5m deep or as indicated on the drawings, in order to allow for the finishing off
of shotcrete at the edges

Where boulders or suitable quality rock outcrop occur at a cut-brow, no cut off may be required, if Engineer-instructed, and shotcrete shall
be neatly stopped at rock surface -top.

Where specified on drawings, shotcrete shall be terminated to facilitate incorporation of precast coping units.

A12.5.7.17  Aesthetic appearance

The Contractor shall take due care in assessing variation in texture and colouring of natural adjacent rock and soil slopes. Finish of all
permanently visible shotcrete surfaces shall be in harmony with surrounding environment.

The Contractor shall pay particular attention during application of shotcrete to carefully control desired variations in colouring and texture
of shotcrete to suit the natural local environment. Colour pigmentation shall be agreed in collaboration with, and approval of the Engineer
via trial colour panels. In some locations, the Engineer may instruct the formation of planting boxes in which vegetation may be planted.
Where so required details shall be given in the Contract Documentation.

A12.5.7.18 Protection of adjacent work

During the shotcreting progress, where appearance is important, adjacent facilities or structures which may be permanently discoloured,
stained, or otherwise damaged by overspray, dust or rebound, shall be adequately protected and, if contacted, shall be cleaned at the
Contractor’s cost by early scraping, brushing, or washing, as surroundings permit.

A12.5.719  Blasting restriction

In order to prevent damage to shotcrete, no blasting shall be carried out within 50 m of a shotcrete section within 72 hours of shotcrete-
application. The total explosive charge detonated instantaneously shall be such that Peak Particle Velocity (PPV) less than 50 mm/s.
All completed works shall be inspected after any blasting within 100 m of the shotcreted area.

A12.5.7.20 Protection and curing

a) Protection from adverse environmental conditions
Refer to Clause A14.6.7.17a) of Chapter 14.

b) Curing
Refer to Clause A14.6.7.17b) of Chapter 14.
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A12.5.8 WORKMANSHIP
A12.5.8.1 Tolerances

The tolerances provided below shall be maximum permissible deviations from specified dimensions, levels, alignment, positions, etc.,
as shown on drawings.

- Position: the lesser of 100 mm or the specified position of the total shotcrete member.
- Thickness - Arithmetic mean value per lot: minimum 100 % of specified layer thickness, maximum thickness not specified.
- Individual depth at any measurement point: minimum 80 % of specified layer thickness, maximum thickness not specified.

- Surface regularity (where applicable): maximum value of any individual irregularity, measured with a custom template that ensures
specified layer thickness is achieved and is less than 25 mm.

A12.5.8.2 Acceptance criteria

Routine inspection and quality control shall be performed by the Contractor or Engineer as specified in Section A20.2 of Chapter 20.
Compressive strength shall be determined using cored cylinder specimens prepared in accordance with SANS 3001-C0O2-2 and tested
in accordance with SANS 3001-CO2-3 at the age of 28 days.

Ultimate flexural strength shall be determined from beam specimens prepared from test panels and tested at 28 days in accordance
with SANS 3001-CO2-5.

Criteria for compliance with requirements specified for 28-day characteristic compressive and ultimate flexural strength shall be as
specified in Clause A20 1.7.5b)(ii) Plan B of Chapter 20 .

The Contractor’s attention is drawn to Clause A1.2.8.1 of Chapter 1: Process quality control. .
A12.5.8.3 Procedure in event of non-compliance with requirements
Any lot represented by test cores failing to comply with the criteria specified above for characteristic strength shall be rejected.

The Contractor, in all cases where shotcrete as supplied fails to comply with requirements, shall immediately take required remedial action
by changing mix proportions to obtain required strength.

A12.5.8.4 Special tests ordered by Engineer

The Engineer may order the Contractor to have concrete cores, flexural beams and or energy absorption slabs, which were prepared
under direction of the Engineer, tested at an approved testing laboratory, in which case payment will be made for such tests in
accordance with provisions of Chapter A20.1 of Chapter 20
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B12.5 SHOTCRETE

PART B: LABOUR ENHANCEMENT

CONTENTS

B12.5.1
B12.5.2
B12.5.3
B12.5.4
B12.5.5
B12.5.6
B12.5.7
B12.5.8

B12.5.1

SCOPE

DEFINITIONS

GENERAL

DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS
MATERIALS

CONSTRUCTION EQUIPMENT

EXECUTION OF THE WORKS

WORKMANSHIP

SCOPE

The provisions of Part A shall apply.

B12.5.2

DEFINITIONS

The provisions of Part A shall apply.

B12.5.3

GENERAL

The provisions of Part A shall apply.

B12.5.4

DESIGN BY CONTRACTOR/PERFORMANCE BASED SYSTEMS

The provisions of Part A shall apply.

B12.5.5

MATERIALS

The provisions of Part A shall apply.

B12.5.6

CONSTRUCTION EQUIPMENT

The provisions of Part A shall apply.

B12.5.7

EXECUTION OF THE WORKS

The provisions of Part A shall apply.

B12.5.8

WORKMANSHIP

The provisions of Part A shall apply.
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C12.5 SHOTCRETE

PART C: MEASUREMENT AND PAYMENT

(i) Preamble

The tendered rate for each pay item shall include full compensation for providing, operating, maintaining and decommissioning upon
completion, of all the construction equipment, labour, tools, incidentals and supervision to carry out the activity or construct the works in
the pay item as specified, unless otherwise stated.

Any prime cost or provisional sums shall be paid in accordance with the provisions of the conditions of contract. The charge or mark-up
tendered or allowed for is a percentage of the amount actually paid under the prime cost or provisional sum. This percentage shall
cover all the Contractor’'s handling, supervision, profit and liability costs to provide the services in the prime cost or provisional sum item.

The requirements of Clauses C1.1.1, C1.1.2 and C1.1.3 of Chapter 1 shall apply.

Where pay item descriptions include any wording in brackets it is an indication that contract specific information is to be inserted in the
Pricing Schedule included in the Contract Documentation.

(ii) Notes on measurement and pay ltems

1. Unless otherwise ordered or stated in the Contract Documentation, trench depths will be measured from the surface of the ground along
the centre-line of the trench to the bottom of the specified bedding layer (as applicable). Where no bedding is required it shall be
measured to the underside of the duct or pipe.

2. The ground surface will be that existing after any bulk earthworks have been carried out, i.e. the excavated surface or embankment
surface, unless a different sequence of execution has been ordered.

3.  Excavations will be measured as if taken out with vertical sides, regardless of whether they have been taken out with sloping sides.

4. The length used for trench computations will be the total through-length of a pipe or duct etc. from end to end and no deduction will be
made for manholes or access chambers etc.

5.  Wherever volumetric measurement is required, the volume will be computed from the depth determined as indicated in 1. and 2. above
and using the authorised width (W) determined in accordance with the specification.

6. Where shoring is specified or ordered, the length of shoring measured for payment will be the length of the centre-line of the trench.

(iii) Items that will not be measured separately

The following activities, whether required to complete the specified work or not, will not be measured and paid for separately and the
Contractor shall include the cost thereof in other pay items as the Contractor deems appropriate:

1. No separate payment will be made for backfiling excess excavations, disposing of surplus material etc. or any other contingent work,
unless the work is specifically specified or ordered.

2. No separate payment will be made for setting out the works.

3. No separate payment will be made for the protection or repair as required of any existing or new road furniture, structures, buildings,
infrastructure or services damaged by the Contractor’s activities and for complying with all the requirements of Clause A2.1.3.4.

4. No additional payment shall be made, nor shall any claim for additional payment be considered, for any specified work in confined or
restricted areas. Any additional costs associated with working in confined or restricted areas shall be deemed to be included in the
standard applicable pay items.

5. No separate payment will be made for the loading of any materials.

6. No separate payment will be made for the hauling of any materials where the material is moved over a distance of less than, and up to,
1,0 km.

7. No separate payment will be made for transporting materials from commercial sources irrespective of the haul distance.

8. No separate payment will be made for the removal of any surplus material imported to complete the works.

(iv) Items to be measured and paid for using items specified elsewhere in the specifications

None

(v) Items specifically for this section of the specification

Item Description Unit

C12.51 Establishment on site lump sum

The tendered lump sum shall include full compensation for establishing on site all plant and equipment, scaffolding, platforms, materials
and personnel necessary to carry out the specified work and for the removal from site of all such plant and equipment including all
temporary works such as access roads, staging, platforms and such like on completion of the works.

Work shall be paid as Lump Sum, 50 % of which will be due when all equipment is on site, trials (if any) are completed, and the first
production shotcrete has been applied to full thickness as specified. A second instalment of 25 % shall be payable after half the shotcreting
has been completed and final 25 % after all the shotcrete has been applied - and accepted - and all equipment and plant removed from
site

Item Description Unit

C12.5.2 Surface preparation for shotcreting square metre (m?)

The unit of measurement shall be the square metre of face/slope cleared of all loose or unwanted material, including indicated vegetation,
and manually trimmed to designed lines and levels as specified.

The tendered rate shall include full compensation for trimming all material, and for all equipment, labour and other incidentals necessary
to complete the specified work.
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Item Description Unit

C12.5.3 Supply and installation of reinforcement:
C12.5.2.1 Welded steel mesh fabric (Ref. 395) square metre (m?)
C12.5.2.2 Fibre (type indicated kilogram (kg)
C12.5.2.3 Other special reinforcement systems as specified square metre (m?)

The unit of measurement for steel mesh shall be the net square metre of reinforcement actually incorporated into shotcrete. Measurement
shall be based on square metre of soil and or rock slope covered with mesh and measured on the plane of the slope. No overlaps of mesh
and or reinforcement system shall be measured.

The unit of measure for fibre shall be the mass in kilograms of fibre actually used, as determined by the kilogram of fibre per cubic metre
of shotcrete specified.

The tendered rate shall include full compensation for supply and installation, including all equipment, plant, materials, labour and
incidentals necessary to carry out the specified work and including specifically supply and installation of pins, earth spikes, soil nails/
rockbolts, wire ties, gun nails and any other approved fastenings for the completion of the work as specified.

Item Description Unit

C12.54 Shotcrete (of specified thickness or volume):
C12.5.3.1  Flash/base coat (unreinforced) (specify thickness) square metre (m?)
C12.5.3.2 Intermediate coat/s (specify thickness and number of layers) square metre (m?)
C12.5.3.3 Final coat (specify thickness, pigmentation and finish square metre (m?)
C12.5.3.4 Dental shotcrete square metre (m?)

The unit of measurement shall be the net square metre of face measured in the plane of the cutting face, which is protected by shotcrete
of specified nominal thickness, installed as specified. No separate allowance shall be made for an uneven surface when measuring the
area over which shotcrete is applied.

The unit of measurement for dental shotcrete shall be the cubic metre of shotcrete of measured batch volume, agreed with the Engineer
and installed in accordance with the specifications.

The tendered rate shall include for everything necessary to carry out specified work as specified. and shall include safe access for the
Engineer to any portion of the cut face or slope.

Item Description Unit

cubic metre - km
(m?3.km)

The unit of measurement shall be the cubic metre - kilometre which is calculated as the product of the quantity of material cleared,
temporarily stockpiled, loaded, transported in excess of 1.0 kilometre and disposed at approved spoil site, in accordance with the
requirements multiplied by the applicable haul distance which shall be calculated as defined in Clause A1.7.3.3.

C12.5.5 Removal to spoil of material trimmed from slope

The tendered rate shall include full compensation for trimming all material, and for all equipment, labour and other incidentals necessary
to complete specified work. Haul distance shall be measured from mass-centre to mass-centre.

The volume of such material shall be taken to be equal to 70 % of the loose struck volume measured in the truck.
Item Description Unit

C12.5.6 Edge finishing of shotcrete metre (m)

The unit of measurement shall be the linear metre of perimeter where shotcrete is required to be finished off as detailed in the drawings,
all as specified.

The tendered rate shall include full compensation for excavation and spoiling of material from trenches, bending of mesh or reinforcement,
application of shotcrete irrespective of volume involved as well as all equipment, labour, transport and other incidentals necessary to
complete the specified work.

Item Description Unit
C12.5.7 Geopipe collectors and weepholes:
C12.5.7.1 50 mm diameter uPVC weephole piping (specify length and class) number (No)
C12.5.7.2 Geopipe collectors (specify type, diameter and class) metre (m)
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C12.5.7.3 Other piping (specify type, diameter and class metre (m)

The unit of measurement for the uPVC weephole piping shall be the number of weepholes installed. Unit of measurement of the geopipe
collectors and other pipes shall be the metre length installed.

The tendered rate shall include full compensation for supply, installation, protection during shotcreting, geosynthetic wrapping, plant,
equipment, labour and all other incidentals necessary to complete the specified work.

Item Description Unit
C12.5.8 Geocomposite/geosynthetic drain as specified metre (m)

The unit of measurement shall be the linear metre of geocomposite drain installed as specified at spacings or positions specified or as
indicated on the drawings.

The tendered rate shall include full compensation for supply, installation, protection during spraying, plant, equipment, labour and all other
incidentals necessary to complete the specified work.
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D12.5 SHOTCRETE

PART D: GUARANTEES AND COMPLIANCE CERTIFICATES

The Contractor shall provide detail b ed specifications and certificates from independent reputable agencies for all proprietary
casing/sleeves and materials proposed for use. These shall demonstrate conformance with the performance requirements stipulated in
the Contract Documentation.

CONTENTS

D12.51 SCOPE

D12.5.2 GENERAL

D12.5.3 PERFORMANCE GUARANTEE REQUIREMENTS
D12.54 FUNCTIONAL PERFORMANCE ASSESSMENTS
D12.5.5 VISUALLY ASSESSED PROPERTIES

D12.5.6 INSTRUMENTALLY ASSESSED PROPERTIES
D12.5.7 EVALUATION FOR ACCEPTANCE

D12.5.8 ADDITIONAL PROCEDURES TO BE ADOPTED IN THE EVENT OF FAILURE
D12.5.9 NOTIFICATION OF REMEDIAL WORK

D12.5.10 REMEDIAL WORKS

Where applicable, details must be provided in the Contract Documentation.

D12.5.1 SCOPE

The scope of this section covers the following:
Guarantees and compliance certificates
Product conformance specifications

D12.5.2 GENERAL

The Contractor shall provide detailed specifications, test data, performance data and compliance certificates from independent
reputable agencies for all proprietary systems, processes and materials proposed for use. These shall demonstrate conformance with
the pe Unless otherwise specified, all proprietary materials shall be used and placed in strict accordance with the relevant
manufacturer's current published instructions.

Unless otherwise specified, all proprietary materials shall be used and placed in strict accordance with the relevant manufacturer's
current published instructions

D12.5.3 PERFORMANCE GUARANTEE REQUIREMENTS

The Contractor shall, within 28 days of entering into the contract with the Employer, submit to the Engineer conformance documentation
related to the specifications.
Conformance documentation shall be provided for the following:
- Materials and Materials Design as per Clause A12.6.3.
Materials as per Clause A12.6.5,
Construction Equipment as per Clause A12.6.6

- Execution of the Works as per A12.6.7

D12.5.4 FUNCTIONAL PERFORMANCE ASSESSMENTS

No specific items in this Section.

D12.4.5 VISUALLY ASSESSED PROPERTIES

No specific items in this Section.

12.5.6 INSTRUMENTALLY ASSESSED PROPERTIES

No specific items in this Section.

D12.5.7 EVALUATION FOR ACCEPTANCE

No specific items in this Section.

D12.5.8 ADDITIONAL PROCEDURES TO BE ADOPTED IN THE EVENT OF FAILURE

No specific items in this Section.
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D12.5.9 NOTIFICATION OF REMEDIAL WORK

No specific items in this Section.

D12.5.10REMEDIAL WORKS

No specific items in this Section.
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A12.6 MECHANICALLY STABILISED FILLS AND GABIONS

CONTENTS

PART A: SPECIFICATIONS

A12.6.1 SCOPE

A12.6.2 DEFINITIONS

A12.6.3 GENERAL

A12.6.4 DESIGN BY CONTRACTOR/PERFORMANCE BASED SYSTEMS
A12.6.5 MATERIALS

A12.6.6 CONSTRUCTION EQUIPMENT

A12.6.7 EXECUTION OF THE WORKS

A12.6.8 WORKMANSHIP

PART B: LABOUR ENHANCEMENT
PART C: MEASUREMENT AND PAYMENT
PART D: GUARANTEES AND COMPLIANCE CERTIFICATES

PART A: SPECIFICATIONS
A12.6.1 SCOPE

Mechanically Stabilised Fill (MSF) incorporates reinforcement for support to earth walls and fills with a variety of possible facings.
Reinforcement may be metallic in the form of strips, grids or meshes or polymeric in the form of strips, geotextiles, geogrids or
meshes. Facings may be wrap-around, concrete, concrete blocks, steel or mesh.

Gabions include boxes which are generally used for the construction of gabion walls and mattresses which are generally used as
single layer aprons only in revetments, channel linings, etc. This Section covers the construction of gabion walls, -aprons and -
mattresses for constructing minor non-structural retaining walls, lining channels, revetments and other anti-erosion and containment
structures.

A12.6.2 DEFINITIONS

Anchored earth - is a form of reinforced soil which uses anchors embedded within the soil mass to provide stability/resistance to
pull-out by passive action of the anchor and friction along the anchor shaft or loop.

Axially-flexible reinforcement - is reinforcement that can absorb tensile loads only.

Axially-stiff reinforcement - is reinforcement that can absorb tensile, shear and bending loads.
Cohesive frictional fill - is fill containing 15 to 45 % material passing a 0,075 mm sieve,
Extensible reinforcement - is reinforcement that sustains design loads at strains greater than 1 %,
Frictional fill - is fill containing less than15 % material passing a 0,075 mm test sieve,

Geogrids - are polymeric, planar structures consisting of an open network of connected tensile elements used in geotechnical and
civil Engineering applications,

Geotextile - are permeable, polymeric materials, which can be woven, non-woven or knitted, used in geotechnical and civil
Engineering applications,

Inextensible reinforcement - is reinforcement that sustains design loads at strains less than or equal to 1 %.
Partial factors - partial factors are specific design parameters to account for uncertainty,

Polymeric reinforcement - is a generic term that encompasses geosynthetic materials used as soil reinforcement in geotechnical
engineering such as geotextiles, geogrids and geostrips,

Reinforced soil - is a general term which refers to use of imported or in situ soil or other material in which tensile reinforcements
act through interface friction, bearing or other means to improve stability,

Reinforced soil segmental block structure - is a reinforced soil structure with a facing comprising dry stacked blocks with a fixed
connection, without compressible joints between blocks and without joint fillers/covers,

Reinforcement base strength - is the un-factored strength of reinforcement at end of its design life,
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Reinforcement design strength - is the factored strength of reinforcement at end of its selected design life; it is the reinforcement
base strength divided by the appropriate partial material factor,

Retained backfill - is the fill material located between the reinforced mass and natural soil.

Gabion boxes - are made from steel mesh and are subdivided into 1,0 m wide cells by diaphragms at 1,0 m intervals. Gabions are
filled with selected rock material providing pervious, semiflexible building blocks for slope and channel stabilization

Gabion mattresses - are made from steel mesh and are subdivided into 0,6 or 1,0 m metre wide cells by diaphragms.

A12.6.3 GENERAL
A12.6.3.1 Design of Mechanically Stabilised Fill (MSF)

Table A12.6.3-1 below illustrates design considerations for vertical MSF’ walls illustrating typical design height limitations and uses. All
geogrid or strip reinforcement shall have a positive mechanical structural connection when used to retain a road pavement (surfacing,
structural layers, kerbs, etc) or a structure. The structural adequacy and pullout capacity of the connections shall be demonstrated by test
data from pullout tests. Durability and deflection of welded wire or gabion facings shall be crucial in assessing if the system can be used
in the specific application.

Table A12.6.3-1: Design Considerations for Vertical MSF height limitations:

Type Description Typical Requirements Comments
Height
Limitations
(m)
Precast Concrete | Discrete panels with | 0-18m
Panel System compressible
bearing pads placed
between joints
Closed block Positively reinforced | 0-12m ASTM D6638 and ASTM D6915 test results These systems
Segmental Block concrete segmental must be provided for acceptance of the shall have a
Retaining Walls | block retaining walls system. “positive”
connection to the
facing when
retaining road-
pavements or
structures.
MSF Wire-Faced Welded steel 0-10m Durability must be assessed in accordance to | Not recommended
facings EN ISO 9223 and 9224 and the working life for bridge
provided. The expected deflection of the abutments
facing should be assessed and commented
on in the design.
Gabion Faced Reinforced Gabion 0-10m Durability must be assessed in accordance to | Not recommended
faced wall EN ISO 9223 and 9224 and the working life for bridge
provided. The expected deflection of the abutments
facing should be assessed and commented
on in the design.
A12.6.3.2 Method Statements

Where so indicated by the Engineer the Contractor shall prepare detailed method statements for each facet of the work describing key
aspects such as construction methodology, key plant, materials, personnel as well as any programme constraints of the envisaged
construction process.

These method statements shall be prepared and submitted to the Engineer for approval prior to commencement of that activity, within time
scales specified. The onus lies with the Contractor to ensure that the information is obtained and that associated activities are completed
expeditiously to avoid any delays in the commencement, continuation and completion of the required works. Unless otherwise specified
or provided for in the Contract Documentation no permanent works shall be commenced until the Engineer’s approval of the relevant
method statement. The Contractor shall, however, remain responsible for all work-methods, materials, plant and equipment used,
notwithstanding acceptance by the Engineer

The Contractor shall be required to construct trials and the testing thereof as specified herein and shall make due allowance
therefore in his programme. Allowance shall also be made for allow for the Engineer’'s assessment of constructed works,
procedures followed, and materials and plant utilised and test data. Production work shall not be permitted until it is shown and
accepted by the Engineer that the Contractor possesses the necessary experience, plant and equipment to carry out the works as
specified in the Contract Documentation.

It should be noted that work shall only be performed by personnel listed by the Contractor. If personnel changes need to be made
during the project, works shall be suspended until replacement personnel are approved by the Engineer. Time lost due to
incomplete submissions, unacceptable submissions, or obtaining approval of replacement personnel will not be considered as
cause for extension of time or delay claims. All costs associated with incomplete, replacement, or unacceptable submissions shall
be to the Contractor’s cost.

Once approved in writing by the Engineer, these shall become the method statements in accordance whereby the relevant portion of the
works shall henceforth be executed. Notwithstanding, the Engineer may require revision from time to time if circumstances during
construction arise which warrants change.
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A12.6.3.3 Materials and materials design approvals

All materials used in the works described hereunder shall meet the appropriate standards given below and/or specified in the Contract
Documentation and shall be subject to the approval of the Engineer. The contractor shall submit product certificates, conformance
documentation (as per Part D) related to the specifications, test results as required together with samples of materials and where
applicable, materials designs that he proposes to use in the construction of the works to the Engineer for his acceptance/approval
as provided for in the contract documentation.

Due allowance shall be made for obtaining materials, resubmissions and re-designs, all to the required/approved standards, methods
and practices in attending to these requirements. Particular attention shall be paid to the early submission of materials-, concrete-
and grout mix designs where parameters at various ages may be specified. No consideration for extension of the contract period
will be entertained for delays incurred in meeting these requirements.

The Contractor’s attention is drawn to the approvals required as indicated in Table A12.6.3-2 below regarding works carried out under this
section of the works:

Table A12.6.3-2 Approvals required

Clause Requirements* Period prior to use

A12.6.4 Materials Design Approvals 2 weeks prior to use

Materials Approvals

A12.6.5.1a) Materials for MSF wall elements, gabions 2 weeks prior to use
A12.6.5.2a) Reinforcement for MSF walls 2 weeks prior to use
A12.6.5.12 Testing of joints 2 weeks post construction

Construction Method Approvals

A12.6.3.1 Detailed method statements 4 weeks before construction
A method statement providing details of operation- Prior to placing reinforcing
A12.6.7.2c) )
sequence elements/gabions

A12.6.4 DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS

A12.6.4.1 General

MSF systems are designed to SANS 8006-1. The design covers both the internal and external stability. Alternative designs
submitted by the Contractor shall cover both internal and external stability and shall be vetted by the Engineer. Due allowance
shall be made in hid programme for such review and no extension of time will be allowed in this regard.

Where design by Contractor for any technique or aspect or segment or portion of works to be carried out is, in terms of Contract
Documentation, the responsibility of Contractor, all the aspects given below shall be taken into consideration in carrying out these
obligations.

It should be noted that all facings, soil reinforcement and fastener materials shall be designed and sourced from a single MSF
supplier to ensure compatibility.

Where applicable, the following shall be specified by the Engineer in the Contract Documentation, but not necessarily limited to:
- Techniques and methods to be followed,

- Material type and quality,

- Site specific requirements,

- Limits of areas and depths to be treated,

- Concrete mix design,

- Reinforced concrete strength, facing characteristics, post-treatment properties, durability and any other deliverables as may be
appropriate,

- Layout of lateral support,

- Sequence of installation,

- Permissible limits and tolerances,

- Monitoring of works,

- Quality and workmanship requirements,

- Measurable properties to be achieved over the life span of project,

- Anti-corrosion requirements,

- Environmental and safety requirements specific to the techniques to be executed,

- Monitoring and record keeping requirements.
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The following site information will generally be provided by the Engineer:

- Definition of objectives and control criteria,

- Investigation data including subsurface geological information, hydrological data and geotechnical parameters,
- Test data, borehole logs and recovered core samples,

- Limitations including information on subsurface services,

- Availability of materials on site.

Notwithstanding the items listed in a) and b) above, it remains the Contractor’s obligation to ensure that all necessary information
required, is procured and considered.

The following additional aspects, where applicable shall also be addressed:

- Finishing off of treatment areas to specified lines and levels, whether materials are to be removed, removed and replaced by other
materials, processing of materials and all other measures to be carried out in meeting requirements as specified in the Contract
Documentation.

- Contractor shall provide a quality management plan indicating his proposed quality assurance testing programme which shall
allow, if necessary, testing at each treatment position as required. Testing methods to be employed shall be as specified in Contract

Documentation.

A12.6.5 MATERIALS
A12.6.5.1 Materials for MSF walls

a) General

All materials used in constructing MSF walls, shall comply with Table B.1 of. SANS 54475 and be subject to approval by the
Engineer. When requested by the Engineer, the Contractor shall submit test certificates from an approved independent testing
authority to show that materials comply with specified requirements, or where applicable certificates from patent holders or
licensees certifying that manufactured items comply in all respects with relevant product specifications. All facings, soil
reinforcement and fastener materials shall be designed and sourced from a single MSF supplier to ensure compatibility.

b) Concrete facings

Concrete facings shall be manufactured from materials which comply with relevant requirements of Sections A13.2, A13.3 and A13.4 of
Chapter 13 and have a 28-day cube strength of 30MPa unless otherwise detailed in the Contract Documentation.

c) Concrete block facings

Concrete block facings used in MSF walls shall be manufactured and tested according to SANS 508. These shall have a positive
connection to reinforcement.

Pigments used for colouration of concrete blocks shall conform to BS EN 12878.
d) Concrete bases and foundations for earth retaining systems

All materials for concrete bases and foundations for earth retaining systems shall comply with relevant requirements of Sections A13.3
and A13.4 of Chapter 13.

e) Metallic soil reinforcements

Metallic soil reinforcement shall be manufactured from corrosion-resistant materials designed to ensure adequate performance when
buried for the design life of the structure. This metallic reinforcement may take the form of sheets, grids, meshes, strips, bars, rods, ladders
etc. and shall comply with section 3.2.1 of BS 8006-1:2010.

Galvanizing shall comply with the requirements of SANS 121 for bars and SANS 675 for wire up to 5,0 mm in diameter.
f)  All facing units and their applications shall conform to SANS 54475 Fasteners between facing and reinforcing elements

Fasteners or joints (either metallic or polymeric) between facing and reinforcing elements shall comply with Section 3.4 of SANS 8006-1)
. Facings shall have a positive connection to reinforcing elements. Galvanising shall comply with SANS 121.

g) Joint filler materials on facings
Fillers shall be durable, flexible, and resistant to effects of air pollution, and water that might be contaminated with de-icing salt.
h) Bedding material

Selection of bedding material depends upon structural behaviour of the facing assumed in design of the wall. Cement mortar or a durable
gasket material such as resin bonded cork, bitumen bonded cork, rubber or ethylene propylene diene monomer (EPDM) may be used.

i)  Sealing material

Filling of joints other than bedding joints may be done either with closed cell polyethylene foam, closed cell polyurethane foam strips in
the joint, or geotextile strips over the rear face of joint as approved by the Engineer.

Any accessory proprietary products, elements or fittings necessary for construction of MSF structures shall comply with appropriate,
accepted standards or specifications

j)  Polymeric materials

All polymeric materials delivered to a site shall be identified in accordance with BS EN ISO 10320 and SATR 20432.
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k) Fill Materials

Selected fill behind MSF wall facings over the length of reinforcement shall comply with requirements of a G5A material as given in
in Table A4.1.5-4.in Chapter 4 with a maximum size of 50mm and be free draining.

1) Polymeric reinforcement joints
(i)  General

Joints are subdivided into prefabricated joints and joints made during execution of the works. A number of different jointing
systems are in use.

Joints in geotextiles shall normally be sewn where load transference is required utilising either single or double chain
stitching. Types of stitching and seams (prayer, butterfly, J, flat or Z) for geotextiles and bodkin details for polymeric meshes
or grids are given in the Contract Documentation.

Care shall be taken to ensure that:

- Bodkins are of sufficient cross-sectional area and strength to avoid excessive deformation,
- Bodkins are not so large as to distort theparent material causing stress concentrations, or
- Joints are pre-tensioned prior to loading, to reduce joint displacement as components lock together.

Joints shall be formed to have high mechanical and durability efficiency, compared to the performance characteristics of
the parent materials. Test methods used to assess joints shall correspond closely to those procedures employed when
determining properties of the parent materials. All joints used in permanent structures designed to carry loads shall be
tested in accordance with BS EN ISO 10321 and results presented to the Engineer for approval.

(i)  Overlaps

In situations where relatively small tensions develop, overlapping may be employed utilising coarse sand-filled 20 mm thick
joints (Sand as per Table A3.1.5-1of Chapter 3.

Such joints are sometimes used in secondary tensile directions but shall not be employed in primary tensile directions in
reinforced soil structures. Overlapping may also be used for jointing under water where amount of overlap depends on
design considerations and construction conditions.

(iii)  Stapling
This method may be used with geotextiles to make temporary joints. Stapling shall never be used for structural jointing.
(iv) Other jointing methods
Other jointing methods may be adopted. However, general recommendations as set out above still apply.
m) Fasteners and connections between facing and reinforcing elements
(i) General

Fasteners are used to make a connection between the reinforcement and the facing and take the form of dowels, rods,
hexagon headed screws and nuts and bolts, and shall consist of either steel or polymers.

The choice of material used to form the fastener shall be compatible with design life of structure. Materials for fasteners
and connections shall conform to criteria described in BS EN 14475

(ii) Steel coatings
These may be divided into two groups:

- metallic coatings, including galvanizing in accordance with BS EN ISO 1461/SANS121 and aluminium-zinc
coatings in accordance with BS 2569; and,

- organic coatings, including bitumen in accordance with BS 3416 and BS 4147, coal tar products in accordance
with BS 4164, polyvinyl chloride (PVC), liquid and powder epoxies and liquid polyurethanes.

The application rates of coating to the base metal of the fastener are given in the Contract Documentation.

A12.6.5.2 Materials for gabions

a) General

The material specifications are the required specifications for the materials as placed and/or processed in its final position within the road
reserve.

It is the Contractor’s responsibility to ensure that the materials delivered to site the road shall meet these specified requirements.

Materials removed under this Section from existing works, except where excavated materials are specified to be reused or disposed of,
or except where provision has been made in Part C for their reuse or specific disposal, shall be deemed to be the property of the Contractor.

b) Rock

Rock used as filling for gabion boxes or mattresses shall be clean, angular, hard unweathered and durable boulders, rock fragments or
crushed rock. Rounded alluvial cobbles/boulders shall not be used. Rock containing aggressive minerals such as sodium oxide or calcium
oxide shall not be used unless suitable corrosion resistant wire coatings are used. No rock fragment shall exceed the maximum size
given in Table A12.6.5.2-1, and at least 85 % of the rocks shall be of a size equal to or above the average least dimension given.
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Table A12.6.5.2-1: Rock requirements for gabions

Nominal depth of mattress* or Rock size
: p Nominal size of mesh (average (largest dimension)
gabion box(**) . .
m] least dimension) [mm]
[mm] Average least dimension Maximum size mm
(ALD) (mm)

0,17*/ 0,23* 60 80 120
0,3* 60 80 150
0.5** 80 100 250
1,0 80 100 250

c) Wire

All wire used and dimensions for manufacturing the gabions and for tying during the construction of the gabions shall comply with the
requirements of SANS 675 for class A heavy galvanized mild-steel wire.

d) Polymer coated wire

Gabions of PVC-coated mesh and binding wire shall comply with the requirements of SANS 1580 and that with Nylon coatings shall
comply with the requirements of EN 10245-5.

e) Galvanizing
All wire used in the making of gabions shall comply with SANS 1580 (zinc) or SANS 10244-2 table 2 (Zn95Al5).

f)  Wire mesh
Wire mesh shall comply with the requirements of SANS 1580.

g) Box and mattress sizes

Standard sizes of boxes and mattresses are as follows:

Boxes:

Length: 1,2,30r4m

Width:  1,0m

Depth:  0,5mand1,0m

Diaphragm spacing: 1,0 m

Mattresses

Length: 2,3 0r6m

Width:  2,0m

Depth: 0,17 m, 0,23 m and 0,3 m

Diaphragm spacing: 1,0 m

Other gabion sizes may be supplied, subject to the Engineer's prior approval.
h) Geotextile behind and below the gabions

Geotextile shall comply with the requirements of Table A3.1.5-2 of Chapter 3 of this specification for Grade 3 geotextile.

i)  Alternative materials

Alternative materials required, their property requirements, construction, measurement and payment shall be specified in the Contract
Documentation.

A12.6.6 CONSTRUCTION EQUIPMENT

Normal earthmoving and compaction equipment may be used in construction of MSF walls and slopes except for the proviso that
no compaction equipment of mass greater than 1 500 kg may be used within 2 m of facings. This area shall be compacted with
pedestrian rollers and mechanical thumpers.

For gabions construction the Contractor shall provide a comprehensive equipment list for the installation of the gabions as well as
for the ancillary works such as the construction of foundation trenches and for the surface preparation for bedding the gabions in
his method statement for this work
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A12.6.7 EXECUTION OF THE WORKS
A12.6.7.1 MSF walls and slopes
a) General

All MSF walls constructed with concrete block facings (CBRW) shall be installed as per the Concrete Block Retaining Wall
Installation Manual 5th edition 2009 and SANS 54475

All MSF walls constructed with concrete facings shall be constructed in accordance with SANS 54475.

b) MSF Walls With Concrete Facings

(i)  Concrete facings

Concrete facings shall be manufactured in accordance with the dimensions and details shown on the MSF wall supplier’s
drawings and where necessary, these details shall be adapted to suit joining onto existing structures, inclined
foundations, varying heights or similar conditions. Special facings shall be produced for copings, and terminal sections.
The28 day compressive strength of the concrete shall be 35 MPa unless otherwise specified in the Contract
Documentation.

These facings shall be manufactured in accordance with the provisions of Sections A13.2, A13.3 and A13.4 of Chapter
13 with due regard to cover, durability considerations and alkali silica reaction. They shall have an off-shutter class F2
surface finish. Concrete facings are typically between 140 and 180 mm thick. Where specified in the Contract
Documentation, selected facings shall have a protruding patterned or exposed aggregate finish.

Date of manufacture and classification of every facing panel shall be clearly marked on the back of such panel at the top end.

Concrete facing panels shall not be removed from their moulds until the concrete attains a cube compressive strength of
7MPa. They shall not be stacked more than five high during storage. Bottom concrete facing panels shall be supported off-
ground via timber blocking and adjacent concrete facing panels shall be separated by timber blocks packed between the tie
strips to prevent any forces from being transmitted onto the tie strips.

(ii)  Metallic reinforcement

1.

Handling

Metallic reinforcement shall be loaded, unloaded and handled in such a way as to prevent bending which causes
permanent set or damage to any protective coating.

Reinforcement shall not be dragged across abrasive surfaces such as reinforced concrete or coarse angular soils
or through deleterious materials.

To avoid punctures or fractures in any covering that might allow ingress of corrosive media, only fibre rope, webbing slings
or protected chains shall be used.

Connecting lugs attached to the facing elements shall be handled with similar care to prevent damage to the protective
covering.

Storage

Metallic reinforcement shall be stored in neat stacks clear of ground at all times and supported on non-absorbent
materials to avoid contamination. Ideally storage shall be located close to construction activities. Items of different
lengths and cross-sectional dimensions shall be stacked separately and clearly marked.

Storage arrangements shall preferably maintain separation between batches delivered. Ideally one batch shall be
fully utilised before the next one is used to facilitate quality control.

(iii) - Polymeric reinforcement

1.

General

Polymeric reinforcements are woven, knitted, coated or extruded geotextiles, geogrids or geocomposite
geotextiles. Polymeric reinforcements shall be assessed according to SATR 20432. Details of packaging and
hence handling and storage thus vary from product to product. The manufacturer’s prescriptions to this effect shall
be strictly adhered to.

Where recommendations given below do not relate to a particular product further advice shall be sought from an
approving authority, supplier or manufacturer.

Handling

Polymeric reinforcement materials are generally supplied in rolls, which shall bear a conformity identification mark,
e.g. according to BS EN ISO 10320. Site handling shall ensure that surface abrasion, slitting, notching or tearing is
prevented.

Where a central tube or mandrel to facilitate lifting is supplied, the manufacturer’'s recommendations shall be followed.
In any case, geotextiles supplied in rolls shall be supported at a minimum of two points to prevent excessive bending
unless a central steel tube is used for support.

Storage
Storage condition of geosynthetic reinforcing materials shall take account of their characteristics and placement needs.

Generally, short term storage on site may be carried out without particular precautions as long as products are kept
within their packaging. Prolonged exposure to light shall be prevented either by storage under cover or by opaque-
packaging cover.
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Geotextiles shall be stored in dry conditions particularly for materials that absorb water and where low temperatures

might cause freezing and make placing difficult.

Where bars or other fixings are required for geosynthetic reinforcement, these shall be stored in clean dry conditions.

(iv) Accessories

c)

(i)

(i)

(i)

Any accessory proprietary products, elements or fittings shall be manufactured in accordance with the dimensions and
details shown on the drawings. Accessories shall be handled in accordance with the supplier's recommendations.

Construction
Excavations

All excavation for bases of earth retaining systems shall be in accordance with the provisions of Section A13.1 of Chapter
3. The Contractor shall not commence with construction of the bases before the excavations are properly cleaned by
him and inspected and approved by the Engineer.

Foundation

Foundation planes for MSF structures shall be graded for a width equal to length of soil reinforcement and to heights
shown on the MSEW drawings and compacted to greater than 95 % of the Maximum Dry Density as per SANS 3001
in accordance with the requirements of Clause A5.1.8 of Chapter 5 or such higher density as may be specified. All
foundation soils found to be unsuitable shall be removed and replaced with compacted, approved granular material or
other such materials as are approved by the MSF supplier's Engineers. Measurement and payment for this work will
be paid for under the relevant items of Chapter 5. Alternatively, such preparation preceding foundation construction, as
may be specified in the contract documentation, shall be carried out in accordance with the provisions of other sections
of Chapter 12.

A concrete footing, conforming to correct lines and levels, shall be constructed in accordance with details shown on the
MSF drawings.

MSF

Prior to the placing reinforcing elements a method statement shall be submitted to the Engineer for approval providing
details of operation-sequence. The method adopted shall ensure the reinforcement does not suffer deterioration during
placing and any joints or connections are effectively- formed.

Construction of MSF shall conform to SANS 54475 and any procedures specified by wall system supplier as agreed
with the Engineer. Concrete facing panels may be installed at the Contractor’s risk when cube strength is greater
than18MPa. Testing in this regard shall conform to the requirements of Clause A20.1.7.5 of Chapter 20.

The following specifications are considered as minimum construction requirements (In all cases the MSF supplier's
Engineering specifications shall prevail if they exceed minimum construction requirements):

- The bottom row of facing panels shall be carefully aligned on the foundation footings in accordance with the details
provided on the approved construction drawings. These facing panels shall be properly braced to prevent
movement during placing of the first layers of back-fill. Each facing panel shall be individually checked by survey
after placement to confirm it is correctly placed to line, levels, inclinations and tolerances specified.

- Geosynthetic/polymer reinforcement shall either be fixed to the panels providing positive connection in an
approved manner or clamped between the panels where specified. Special care shall be taken to ensure the
edges on facing panels are not sharp or jagged such that thereinforcement may be damaged.

- A trench some 400 mm wide and 150 mm deep, shall be excavated some 1,0 m from far edge of reinforcement
In order to facilitate tensioning of the geosynthetic reinforcement. The geosynthetic layer shall be laid taut over
this trench, prior to backfill. Further tensioning is ensured as backfill compaction into this trench takes place.

- Fill material behind the facing panels shall be placed and compacted in accordance with Chapter 4 to greater
than 95 % of the Maximum Dry Density as per SANS 3001 at a moisture content of 0 to plus 2 % of the optimum
moisture content , except that the layer thickness may vary slightly to suit the position of soil reinforcement.

- Deposition, spreading, levelling and compaction of fill shall generally be carried out in a direction parallel to the
facings, and shall be executed in stages to alternate with placing and fixing of the reinforcing elements and the
facing.

- Fill shall be deposited, spread, levelled and compacted in horizontal layers of appropriate/specified thickness.
Spreading and compaction shall be carried out so that all layers of the soil reinforcing elements are fixed at the
specified levels on top of the compacted fill.

- Fill shall be placed such that it slopes away from the face at 2 % to ensure water ponding at the soil/facing element
interface does not occur.

- Fill shall not be placed right up to the cladding panels before the underlying reinforcing is covered, with compacted
fill materials to anchor the reinforcement adequately to maintain the facing panel in position. Fill shall be placed
from the end of the reinforcement to the cladding panels.

- Metallic reinforcement shall be placed on compacted fill and in intimate contact with the ground, which shall have
a nominal fall of 2 % away from the facing.

- If inspection of elements prior to or during placement reveals bends or kinks with a radius less than twice the
reinforcement thickness, these shall be rejected.

- Small areas of galvanized coating damaged during handling shall be repaired in accordance with BS EN ISO
1461.
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- Most sheet products exhibit preferential strength direction and therefore placing of reinforcement shall be
consistent with the direction of major stresses. Details shall be indicated on the drawings and Contract
Documentation.

- Ideally strips shall be laid in the major load bearing direction, i.e. transverse to the embankment centreline.
However, construction is facilitated and sewing time minimized if geosynthetics are laid in centreline direction.
This is not recommended but may be allowed if joint-integrity is assured and the design takes account of likely
transverse-direction-reduced-strength.

- Geotextiles and geogrids are generally supplied in rolls of specific width. Rolls shall not be cut along their width
to fit a smaller area and overlapping between adjacent rolls shall be adopted, this to avoid ravelling after cutting.

- Geotextiles may be cut to length using a sharp blade, scissors or shears. Materials which may ravel shall be heat-
treated or bonded with approved adhesive tape at the cut position. Cutting to size of polymeric sheet geogrids
shall be performed before placing.

- Care shall be taken to ensure that reinforcing elements are not damaged or displaced beyond specified tolerances
during filling and compacting. Filling shall be arranged so that no machines or vehicles run over the reinforcing
elements. All vehicles and construction equipment greater than 1 500 kg mass shall be kept more than 2,0 m
away from the facing. Suitable compaction equipment of mass less than1 500 kg may be used within 2,0 m of
the facing.

A12.6.7.2 GABIONS

a)

Classification of materials

All excavations for gabions shall be excavated in the position indicated on the drawings and to the required dimensions. Overbreak in
width or depth shall be reinstated to the original condition as approved by the Engineer at the Contractor’s cost.

All excava
b)
(i)

(i)

(ii)

(iv)

c)

(i)

tions under this Section shall be classified as specified under Clause A11.1.7.1 of Chapter 11.

Constructing gabion boxes and mattresses
General

Gabion boxes and mattresses shall be manufactured from wire mesh of the size and type and selvedge as specified below.

Boxes are generally used for the construction of gabion walls: The boxes are subdivided into cells by diaphragms spaced at
1,0 m intervals. No diaphragms are required for boxes where the length does not exceed 1,5 m.

Mattresses are generally used as single-layer aprons in revetments, channel linings, etc, which the maximum width of units
shall be 2 m, and the maximum depth 0,3 m. Mattresses shall be subdivided by diaphragms into cells with a width of 1000
mm. Mattress shall be installed with diaphragm spaced at 1,0 m in the direction of the flow, unless otherwise specified by the
Engineer.

Selvedges

The cut edges of all mesh used in the construction of gabions, except the bottom edges of diaphragms and end panels, shall
be selvedged with wire with a diameter as specified in SANS 1580.

Where the selvedge is not woven integrally with the mesh but has to be tied to the cut ends of the mesh, it shall be attached
by tying the cut ends of the mesh to the selvedge, so that a force of more than 8,5kN applied on the selvedge in the same
plane as the mesh of a mesh sample of 1,0 m in length will be required to separate it from the mesh.

Diaphragms and end-panels

The diaphragms and end-panels shall be selvedged on the top and vertical sides only. The end-panels shall be attached by
the cut ends of the mesh wires at the bottom of the panel being twisted around the selvedge on the base of the gabion.
Similarly, the diaphragms shall be attached by the cut ends of the mesh being twisted to the twisted joints of the mesh in the
base of the gabion. In each case the force required to separate the panels from the base shall not be less than 6kN/m.

Binding and connecting wire

Sufficient binding and connecting wire for all the tying to be done during construction of the gabions as specified in Clause
A11.2.7.3 of Chapter 11 shall be supplied with the gabion boxes. The binding wire shall have the same properties as the
gabion or mattress mesh wire.

Constructing gabions

Preparing the foundation and surface

The foundation surface on which the gabion boxes are to be installed prior to their being filled with rock shall be levelled to
the line and level shown on the drawings or as directed by the Engineer so as to present an even surface. If necessary,
cavities between rock protrusions shall be filled with appropriately sized material (See Clause A12.6.5.2). Where required, a
foundation trench along the toe of the revetment or wall shall be excavated to the dimensions specified and/or shown on the
drawings.
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(i)

(iii)

Geotextile

One layer of geotextile shall be placed where indicated on the drawings or as specified. The geotextile shall be placed, in
strips with a minimum overlap of 300 mm at the joints and shall be properly fastened to prevent any movement or slipping
while the gabions are being placed.

Assembly

The methods of constructing, stretching, placing in position, wiring and filling the gabions with rock shall generally be in
accordance with the manufacturer's instructions subject to the approval of the Engineer, but nevertheless sufficient connecting
wires shall be tensioned between the vertical sides of all the outer visible cells and a sturdy frame shall be used to prevent
the deformation of boxes as they are being filled with stone. Joints between boxes shall be wired together along all 4 joining
edges.

It is essential that the corners of gabion boxes be securely wired together to provide a uniform surface and ensure that the
structure does not resemble a series of blocks or panels. The layout and the tolerances for the layout of the boxes shall be as
shown on the drawings or as specified in the Contract Documentation.

(iv) Rock filling

1. Boxes in gabions

Particular care shall be taken in packing the visible faces of gabion boxes, where only selected stone of the specified
size shall be used so as to obtain an even-faced finish. The boxes shall be filled in layers to prevent deformation and
bulging. Boxes shall be wire braced and filled to just below the level of the internal wire braces, after which the braces
shall be twisted to provide tension. Care must be taken to ensure that consecutive layers of boxes are filled evenly to a
level surface ready to receive the next course.

Filling of gabion boxes by dumping rock shall not be permitted and packing shall be done by means of hand labour.

2. Mattresses used in revetments and aprons

The 0,17 m, 0,23 m and 0,3 m mattresses forming aprons and revetments shall be filled by random stones being packed
in the first layer and by selected stones being used for the top layer so as to resemble normal stone pitching.

A12.6.8 WORKMANSHIP
A12.6.8.1 MSF Walls

a)

Facing foundations

Facing foundations shall at all times be level or stepped in facing panel size benches to ensure subsequent panels are always placed

level even

if on sloping surfaces. In cases where the Contract Documentation prescribes ground improvement or drainage works to be

carried out prior to commencement of MSF’s, such work shall be undertaken as specified in other sections of Chapter 12, as may be

specified.

b)

Concrete facings

Concrete quality shall be tested to ensure compliance with 28 day strength, W standards as regards oxygen permeability, water sorptivity
and chloride conductivity as detailed in Clause A20.1.7.5¢)(ii) of Chapter 20 and/or as specified in Contract Documentation.

c)

Concrete blocks
1. Tolerances

Blocks shall comply with category D2 of BS EN 771-3:2003 and Appendix A1. The width of a block is the distance
from the front face to the soil face and shall be as defined in BS EN 771-3:2003+A1. In some instances the exposed
face is often a textured face or else is a rough face created by splitting a double-width block which may be outside
the specified width. The location of any nibs or voids is critical and the method statement shall provide details of
the specific blocks used and the associated operation-sequence.

2. Shear strength

The shear strength between blocks and connection strength between block and reinforcing element shall be
determined. Concrete block facings used in MSF walls shall be manufactured and tested according to SANS 508.

The test methods in ASTM D6916 and ASTM D6638 for measuring block-to-block shear strength and block-to-soil
reinforcement connection strength for blocks with plane-faced bedding surfaces shall be used where required by
Engineer.

A12.6.8.2 Gabions

a)

General

The Contractor shall determine the required frequency of testing and conduct sufficient tests on the sourced material for each type of
material, in order to ensure that the quality of materials produced meets the specified requirements. Similarly the Contractor shall conduct
sufficient checks and controls during construction of the elements to ensure that the required lines, levels and finishes are achieved.
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Any work or materials which do not comply with the specified requirements, shall be removed and replaced with work or materials which
comply with the requirements or, if the Engineer so permits, shall be repaired so that it shall comply with the specified requirements after
having been repaired.

b) Tolerances

Tolerances for gabion and mattress materials and dimensions shall conform to the requirements of EN 10223-3.

Both the vertical and horizontal tolerances for gabions facing and mattresses surfaces shall not deviate more than 20 mm over 1,0 m as
well as not more than 50 mm over 3,0 m sections.
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B12.6 MECHANICALLY STABILISED EARTH WALLS AND GABIONS

PART B: LABOUR ENHANCEMENT

CONTENTS

B12.6.1 SCOPE

B12.6.2 DEFINITIONS

B12.6.3 GENERAL

B12.6.4 DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS
B12.6.5 MATERIALS

B12.6.6 CONSTRUCTION EQUIPMENT

B12.6.7 EXECUTION OF THE WORKS
B12.6.8 WORKMANSHIP

B12.6.1 SCOPE

For MSF the provisions of Part A, shall apply

The construction of segmental block walls shall be deemed to be a Labour Enhancement construction process and this Section therefore
includes work with a large component of labour. This work is included in Part A of this specification. This Part therefore only covers
additional specifications for work to enhance the labour component of construction activities where specified.

The construction of gabions shall be deemed to be a Labour Enhancement construction process and this Section therefore includes work
with a large component of labour. This work is included in Part A of this specification. This Part therefore only covers additional
specifications for work to enhance the labour component of construction activities where specified.

B12.6.2 DEFINITIONS

The provisions of Part A shall apply.

B12.6.3 GENERAL

The provisions of Part A shall apply.

B12.6.4 DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS

The provisions of Part A shall apply.

B12.6.5 MATERIALS

The provisions of Part A shall apply.

B12.6.6 CONSTRUCTION EQUIPMENT

The provisions of Part A shall apply.

B12.6.7 EXECUTION OF THE WORKS

B12.6.7.1 Classification of excavation

Where excavation is done using Labour Enhancement construction methods, the Engineer shall classify excavated materials as either
soft or intermediate for payment purposes in terms of Table B12.6.7-1 or, if the Contractor does not agree with the classification,
in terms of Table B12.6.7-2. The decision of the Engineer regarding the classification of the excavated materials shall then be final and
binding, subject to the provisions of the conditions of contract.

No hard material shall be measured under Labour Enhancement construction methods.

Table B12.6.7-1: Classification of Excavated Materials
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Materials
Classification

Description

Soft

Material which can be excavated efficiently by means of a suitable shovel with or without the use of a pick
or other hand-swung tool.

Intermediate

Material which is difficult to excavate by hand even with the aid of a crowbar and requires the assistance of
pneumatic tools for economic removal.

Table B12.6.7-2: Classificat

ion of Materials in Terms of Consistency and Shear Strength

Materials
Classification

Consistency

Number of DCP blows to penetrate 100 mm *!

Granular soil Cohesive soil Granular soil Cohesive soil *?
Soft Very loose to dense Very soft to stiff <15 <8
Intermediate Very dense Very stiff >15 >8

isolated small boulders.

*2 Classification depends on the moisture content of the cohesive material.

*1 Only applicable to materials comprising not more than 10 % gravel of size less than 10 mm and materials containing no cobbles or

B12.6.8 WORKMANSHIP

The provisions of Part A shall apply.
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C12.6 MECHANICALLY STABILISED FILL AND GABIONS

PART C: MEASUREMENT AND PAYMENT

(i) Preamble

The tendered rate for each pay item shall include full compensation for providing, operating, maintaining and decommissioning upon
completion, of all the construction equipment, labour, tools, incidentals and supervision to carry out the activity or construct the works in
the pay item as specified, unless otherwise stated.

Any prime cost or provisional sums shall be paid in accordance with the provisions of the conditions of contract. The charge or mark-up
tendered or allowed for is a percentage of the amount actually paid under the prime cost or provisional sum. This percentage shall
cover all the Contractor’'s handling, supervision, profit and liability costs to provide the services in the prime cost or provisional sum item.

The requirements of Clauses C1.1.1, C1.1.2 and C1.1.3 of Chapter 1 shall apply.

Where pay item descriptions include any wording in brackets it is an indication that contract specific information is to be inserted in the
Pricing Schedule included in the Contract Documentation.

(ii) Notes on measurement and pay ltems

1. Unless otherwise ordered or stated in the Contract Documentation, trench depths will be measured from the surface of the ground along
the centre-line of the trench to the bottom of the specified bedding layer (as applicable). Where no bedding is required it shall be
measured to the underside of the duct or pipe.

2. The ground surface will be that existing after any bulk earthworks have been carried out, i.e. the excavated surface or embankment
surface, unless a different sequence of execution has been ordered.

3.  Excavations will be measured as if taken out with vertical sides, regardless of whether they have been taken out with sloping sides.

4. The length used for trench computations will be the total through-length of a pipe or duct etc. from end to end and no deduction will be
made for manholes or access chambers etc.

5.  Wherever volumetric measurement is required, the volume will be computed from the depth determined as indicated in 1. and 2. above
and using the authorised width (W) determined in accordance with the specification.

6. Where shoring is specified or ordered, the length of shoring measured for payment will be the length of the centre-line of the trench.

(iii) Items that will not be measured separately

The following activities, whether required to complete the specified work or not, will not be measured and paid for separately and the
Contractor shall include the cost thereof in other pay items as the Contractor deems appropriate:

1. No separate payment will be made for backfiling excess excavations, disposing of surplus material etc. or any other contingent work,
unless the work is specifically specified or ordered.

2. No separate payment will be made for setting out the works.

3. No separate payment will be made for the protection or repair as required of any existing or new road furniture, structures, buildings,
infrastructure or services damaged by the Contractor’s activities and for complying with all the requirements of Clause A2.1.3.4.

4. No additional payment shall be made, nor shall any claim for additional payment be considered, for any specified work in confined or
restricted areas. Any additional costs associated with working in confined or restricted areas shall be deemed to be included in the
standard applicable pay items.

5. No separate payment will be made for the loading of any materials.

6. No separate payment will be made for the hauling of any materials where the material is moved over a distance of less than, and up to,
1,0 km.

7. No separate payment will be made for transporting materials from commercial sources irrespective of the haul distance.

8. No separate payment will be made for the removal of any surplus material imported to complete the works.

(iv) Items to be measured and paid for using items specified elsewhere in the specifications

For activities in Table C12.6-1 pay items specified in other Chapters or Sections of the specifications, where they relate to work under
this section, will be listed in the Pricing Schedule.

Table C12.6-1: Items from other Chapters or Sections

Activity Section 12.6 reference Section Item reference

Loading and hauling C12.6.14 C1.7 of Chapter 1

(v) Items specifically for this section of the specification

Item Description Unit
C12.6.1 Establishment on site for MSF
C12.6.1.1  For reinforced concrete facing lump sum
C12.6.1.2  For concrete block wall facing lump sum
C12.6.1.3  For metallic facing lump sum
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The unit of measurement shall be a lump sum. The tendered lump sum for MSF shall include full compensation for establishing all
necessary plant and equipment on site to carry out the works and for the removal from site of all such plant and equipment including all
temporary works such as access roads, staging, platforms and such like on completion of the works.

Work shall be paid as a lump sum, 50 % of which shall be due when all the equipment is on site, trials (if any) are completed and 25 %
of the first production wall is installed to full height as specified. The second instalment of 25 % shall be payable after 50 % of the walls
are installed and final 25 % instalment after the specified walls are installed, accepted and in service and all equipment is removed from
site.

The tendered lump sum shall include full compensation for all post-construction requirements as specified. No extra payment shall be
made for the establishment of additional plant should the established plant not be capable of achieving desired objectives.

Item Description Unit

C12.6.2 Excavation for wall base foundation cubic metre (m?)
The unit of measurement shall be the cubic metre of material excavated.
The tendered rate shall include for all labour, plant and equipment required for the operation.

Item Description Unit

C12.6.3 Concrete for wall base foundation cubic metre (m?)
The unit of measurement shall be the cubic metre of required strength concrete.

The tendered rate shall include full compensation for all labour, plant and equipment required for the operation as well as shuttering if
necessary.

Item Description Unit
C12.6.4 Reinforcing steel in wall base foundation
C12.6.4.1 Mild steel ton (t)
C12.6.4.2 High tensile steel ton (t)

The unit of measurement shall be the ton (t) of steel required for the operation.

The tendered rate shall include for all fixing wire, cover blocks and all other labour, plant and equipment required for the operation.
Item Description Unit

C12.6.5 Preparation of surface for laying metallic strips or geosynthetic square metre (m?)

The unit of measurement shall be the square metre of base surface prepared for the initial (first layer) strips or geosynthetic only.
Subsequent layer preparation costs are deemed to be included in the unit cost for backfill.

The tendered rate shall include full compensation for all materials, labour, plant and equipment required for the operation.
Item Description Unit

C12.6.6 Metallic reinforcing strips (section dimension indicated) metre (m)

The unit of measurement shall be the metre of metallic strips of required section installed.

The tendered rate shall include full compensation for the supplying of all the materials, labour, plant and equipment required for the
operation.

Item Description Unit

C12.6.7 Metallic reinforcing mesh (section dimension indicated) square metre (m?)

The unit of measurement shall be the square metre of metallic mesh of required section installed.

The tendered rate shall include full compensation for the supplying of all the materials, labour, plant and equipment required for the
operation.

Item Description Unit

C12.6.8 Polymer/ Geosynthetic reinforcing strips (section dimension indicated) metre (m)

The unit of measurement shall be the metre of geosynthetic strips of required section installed.

The tendered rate shall include full compensation for the supplying of all the materials, labour, plant and equipment required for the
operation.
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Item Description Unit

C12.6.9 Polymer/ Geosynthetic reinforcing sheet (grade indicated) square metre (m?)

The unit of measurement shall be the square metre of geosynthetic reinforcing sheet of required grade installed.

The tendered rate shall include full compensation for the supplying of all the materials, labour, plant and equipment required for the
operation.

Item Description Unit
C12.6.10 Fixing mechanism to facings
C12.6.10.1  Strips number (No)
C12.6.10.2 Sheets metre (m)

The unit of measurement shall be the number for C12.6.10.1 (strips) and by the metre for C12.6.10 (sheets).

The tendered rate shall include full compensation for the supplying of all the materials, labour, plant and equipment required for the
installation operation.

Item Description Unit

C12.6.11 Backfill (Material type and compaction requirements indicated) cubic metre (m®)

The unit of measurement shall be the cubic metre of the required material grade compacted to the required standard.

The tendered rate shall include full compensation for the supplying of all the materials, labour, plant and equipment required for the
operation.

Item Description Unit

C12.6.12 Facings (type, size and thickness indicated)
C12.6.12.1  For reinforced concrete panel facing square metre (m?)
C12.6.12.2  For concrete block wall facing square metre (m?)
C12.6.12.3  For metallic facing square metre (m?)

The unit of measurement shall be the square metre of panel of the indicated size and thickness.

The tendered rate shall include full compensation for the manufacture, supply, labour, plant and equipment required for the installation
as well as for the sealing of the panel to prevent material egress through panel joints.

Item Description Unit

C12.6.13 Drainage (type and size indicated) number (No)

The unit of measurement shall be the number of drains installed either on excavation face, behind selected backfill or through facing
panels.

The tendered rate shall include full compensation for the supplying of all the material, labour, plant and equipment required for the
operation.

Item Description Unit

C12.6.14 Foundation trench excavation:

C12.6.14.1 Excavating all material situated within the following depth ranges below the surface level

(a) Omto1,5m cubic metre (m®)
(b) Exceeding 1,5mand upto3,0m cubic metre (m®)
(c) Etc,inincrements of 1,5 m cubic metre (m®)
C12.6.14.2 Extra over sub-item C11.2.1.1 for excavation in hard material, irrespective of depth cubic metre (m®)

C12.6.14.3 Excavating soft material within 1,5 m below the surface level using labour enhancement  cubic metre (m?®)
construction methods:

C12.6.14.4 Excavating intermediate material within 1,5 m below the surface level using labour cubic metre (m®)
enhancement construction methods:
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The unit of measurement shall be the cubic metre of material excavated within the specified widths over the lengths and depths authorised
by the Engineer in each case, measured in place before excavation. Excavation in excess of the widths specified or authorised by the
Engineer shall not be measured for payment.

Irrespective of the total depth of the excavation, the quantity of material in each depth range shall be measured and paid for separately.

Excavation shall be done using conventional construction methods and/or labour enhancement construction methods as specified
and measured.

The tendered rates shall include full compensation for the excavation of the material to the required dimensions, lines, levels and grades,
temporary timbering, shoring and strutting, including unavoidable overbreak, the trimming of the trenches and compacting the trench
inverts, backfilling of over excavation and compacting the backfill, keeping excavations safe, dealing with any surface or subsurface water
and the loading and disposal of the excess material as directed. The tendered rates shall also include full compensation for any other
operations necessary for completing the work as specified but excluding surface preparation for bedding the gabions.

Loading and hauling, where applicable, including haul of 1,0 km, shall be measured and paid as specified in Section A1.7 of Chapter
1. Where the excavation of material is specified by means of labour enhancement construction methods, the tendered rates shall
include loading and transport by wheelbarrow if the material is disposed of or utilised within a radius of 50 m, alternatively loading by hand
onto transport vehicles for such disposal or utilisation elsewhere, within a haul distance of 1,0 km.

For payment purposes a distinction shall be made between materials as classified above under Classification of Materials.

Item Description Unit

C12.6.15 Surface preparation for bedding the gabions square metre (m?)

The unit of measurement for levelling and preparing surfaces for receiving the gabions shall be the square metre to the neat dimensions
of revetments, aprons or wall foundations.

The tendered rate shall include full compensation for excavating, filling any cavities with rock, and levelling the ground surface to be ready
for receiving the gabion boxes tor retaining walls, aprons and revetments.

Item Description Unit

C12.6.16 Gabions and mattresses:
C12.6.16.1 Galvanized gabion boxes (dimensions of box) cubic metre (m®)
C12.6.16.2 PVC coated gabion boxes (dimensions of box) cubic metre (m®)
C12.6.16.3 Galvanized gabion mattresses (dimensions of mattress) cubic metre (m?)
C12.6.16.4 PVC-coated gabion mattresses (dimensions of mattress) cubic metre (m®)

The unit of measurement shall be the cubic metre of the rock-filled boxes or mattresses and the quantity shall be calculated from the
dimensions of the gabions indicated on the drawings irrespective of any accepted deformation or bulging of the completed gabions.
Gabions boxes and mattresses shall be measured to the nearest specified size.

The tendered rates shall include full compensation for supplying all the materials, including rock fill, wire-mesh boxes, galvanizing, PVC-
coating, tying and connecting wires, loading, transporting and off-loading, the assembling and filling of the boxes, disposal of waste, and
any other work necessary for constructing the gabions.

Placing of rock by dumping shall not be allowed and the tendered rates shall also include full compensation for placing rock by means of
hand labour.

Item Description Unit

C12.6.17 Geotextile (type and grade indicated) Square metre (m?)

The unit of measurement shall be the square metre of area covered with approved geotextile placed in position.

The tendered rate shall include full compensation for supplying the geotextile, cutting, waste, placing, joining, overlapping, and securing
the material in position.
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D12.6 MECHANICALLY STABILISED EARTH WALLS AND GABIONS

PART D: GUARANTEES AND COMPLIANCE CERTIFICATES

The Contractor shall provide detailed specifications and certificates from independent reputable agencies for all proprietary casing/sleeves
and materials proposed for use. These shall demonstrate conformance with the performance requirements stipulated in the Contract
Documentation.

CONTENTS

D12.6.1 SCOPE

D12.6.2 GENERAL

D12.6.3 PERFORMANCE GUARANTEE REQUIREMENTS
D12.6.4 FUNCTIONAL PERFORMANCE ASSESSMENTS
D12.6.5 VISUALLY ASSESSED PROPERTIES

D12.6.6 INSTRUMENTALLY ASSESSED PROPERTIES
D12.6.7 EVALUATION FOR ACCEPTANCE

D12.6.8 ADDITIONAL PROCEDURES TO BE ADOPTED IN THE EVENT OF FAILURE
D12.6.9 NOTIFICATION OF REMEDIAL WORK

D12.6.10 REMEDIAL WORKS

Where applicable, details must be provided in the Contract Documentation.

D12.6.1 SCOPE

The scope of this section covers the following:
Guarantees and compliance certificates

Product conformance specifications

D12.6.1 GENERAL

The Contractor shall provide detailed specifications, test data, performance data and compliance certificates from independent reputable
agencies for all proprietary systems, processes and materials proposed for use. These shall demonstrate conformance with the
performance requirements specified in the Contract Documentation.

Unless otherwise specified, all proprietary materials shall be used and placed in strict accordance with the relevant manufacturer's
current published instructions

For gabions wire used for manufacturing gabions and for tying during construction of the gabions shall comply with SANS 675. Gabion
boxes shall comply with SANS 1580.

D12.6.3 PERFORMANCE GUARANTEE REQUIREMENTS

documentation related to the specifications.

Conformance documentation shall be provided for the following:
Materials and Materials Design as per Clause A12.6.3
Materials as per Clause A12.6. 5,

Construction Equipment as per Clause A12.6.6

Execution of the Works as per A12.6.7

D12.6.4 FUNCTIONAL PERFORMANCE ASSESSMENTS

No specific items in this Section.

D12.6.5 VISUALLY ASSESSED PROPERTIES

No specific items in this Section.

D12.6.6 INSTRUMENTALLY ASSESSED PROPERTIES

No specific items in this Section.

D12.6.7 EVALUATION FOR ACCEPTANCE

No specific items in this Section.
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D12.6.8 ADDITIONAL PROCEDURES TO BE ADOPTED IN THE EVENT OF FAILURE

No specific items in this Section.

D12.6.9 NOTIFICATION OF REMEDIAL WORK

No specific items in this Section.

D12.6.10 REMEDIAL WORKS

No specific items in this Section.

12-138



A12.7 TRENCHLESS METHODS
CONTENTS

PART A: SPECIFICATIONS

A12.71 SCOPE

A12.7.2  DEFINITIONS

A12.7.3 GENERAL

A12.7.4 DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS
A12.7.5 MATERIALS

A12.7.6 CONSTRUCTION EQUIPMENT

A12.7.7 EXECUTION OF THE WORKS

A12.7.8 WORKMANSHIP

PART B: LABOUR ENHANCEMENT
PART C: MEASUREMENT AND PAYMENT
PART D: GUARANTEES AND COMPLIANCE CERTIFICATES

PART A: SPECIFICATIONS
A12.71 SCOPE

This Section covers various trenchless methods to install various forms of underground conduit under existing infrastructure or obstruction
which may not be cost-effectively installed from surface or by open excavation. Methods covered include, but are not limited to, pipe jacking,
micro-tunnelling, pipe ramming or horizontal directional drilling (HDD) methods.

A12.7.2 DEFINITIONS

Trenchless Methods - are methods of installing various forms of underground conduit without the excavation of trenches over the installed
length of conduit. These methods include Pipe Jacking, Directional Drilling, Pipe Ramming and Micro-Tunnelling.

Pipe Jacking - is a method for installing a conduit/pipe that serves as initial construction lining and support, installed for stability and
safety during construction, and finally as the service pipe. The pipe is forced forward, or jacked, to advance the conduit.

Micro-tunnelling - is a method of installing a conduit by jacking a pipe behind a micro-tunnel boring machine, generally precluding man
entry.

Pipe Ramming - is a method by which a cylindrical tool uses air pressure to pound its way through the ground underneath an obstruction,
simultaneously installing a conduit.

Horizontal directional drilling (HDD) - is a steerable drilling method of installing a small diameter underground services conduit.

Micro-tunnel Boring Machine - is a mechanized excavating machine that is remotely-controlled, steerable, guided and articulated,
connected to and shoved forward by the pipe being installed, usually precluding man entry.

Zone of Active Excavation - the zone of active excavation is the area located within a radial distance about a surface point immediately
above the face of excavation equal to depth to bottom of excavation

Critical Structure - is an existing service, any building, structure, bridge, pier, or similar construction partially or entirely located within a
zone of active excavation.

Inlet and outlet structures - may be entry and exit points for some applications to especially designed jacking pits in others. Names
used in this text include, entrance/entry and exit, jacking and receiving. These may be circular or rectangular shafts.

A12.7.3 GENERAL

A12.7.31 Services and obstructions

A geotechnical investigation shall have been carried out to select the route least affected by known services and which is free of apparent
obstructions. Details of known services and other objects which may constitute an obstruction on site shall be detailed in the Contract
Documentation. Notwithstanding this, unidentified obstructions/services may be encountered.
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Before any work can commence the Contractor shall verify the actual position of each known service and bring to the attention of the
Engineer any service that is not recorded in the Contract Documentation

Should an unidentified obstruction be encountered which prohibits further advance of equipment, the Engineer and Contractor shall jointly
devise a method for penetration/avoidance/possible relocation. The cost of additional operations required for this task shall be agreed between
Engineer and Contactor prior to commencement.

The provisions of Clause A2.1.3.2 of Chapter 2 regarding the protection of services shall be applicable.

A12.7.3.2 Method Statements

Where so indicated by the Engineer the Contractor shall prepare detailed method statements for each facet of the work describing key
aspects such as construction methodology, key plant, materials, personnel as well as any programme constraints of the envisaged
construction process.

These method statements shall be prepared and submitted to the Engineer for approval prior to commencement of that activity, within time
scales specified. The onus lies with the Contractor to ensure that the information is obtained and that associated activities are completed
expeditiously to avoid any delays in the commencement, continuation and completion of the required works. Unless otherwise specified
or provided for in the Contract Documentation no permanent works shall be commenced until the Engineer’s approval of the relevant
method statement. The Contractor shall, however, remain responsible for all work-methods, materials, plant and equipment used,
notwithstanding acceptance by the Engineer

The Contractor shall be required to construct trials and the testing thereof as specified herein and shall make due allowance
therefore in his programme. Allowance shall also be made for allow for the Engineer’s assessment of constructed works,
procedures followed, and materials and plant utilised and test data. Production work shall not be permitted until it is shown and
accepted by the Engineer that the Contractor possesses the necessary experience, plant and equipment to carry out the works as
specified in the Contract Documentation.

It should be noted that work shall only be performed by personnel listed by the Contractor. If personnel changes need to be made
during the project, works shall be suspended until replacement personnel are approved by the Engineer. Time lost due to
incomplete submissions, unacceptable submissions, or obtaining approval of replacement personnel will not be considered as
cause for extension of time or delay claims. All costs associated with incomplete, replacement, or unacceptable submissions shall
be to the Contractor’s cost.

Once approved in writing by the Engineer, these shall become the method statements in accordance whereby the relevant portion of the
works shall henceforth be executed. Notwithstanding, the Engineer may require revision from time to time if circumstances during
construction arise which warrants change.

A12.7.3.3 Materials and materials design approvals

All materials used in the works described hereunder shall meet the appropriate standards given below and/or specified in the Contract
Documentation and shall be subject to the approval of the Engineer. The contractor shall submit product certificates, conformance
documentation (as per Part D) related to the specifications, test results as required together with samples of materials and where applicable,
materials designs that he proposes to use in the construction of the works to the Engineer for his acceptance/approval as provided for in
the contract documentation.

Due allowance shall be made for obtaining materials, resubmissions and re-designs, all to the required/approved standards,
methods and practices in attending to these requirements. Particular attention shall be paid to the early submission of materials-,
concrete- and grout mix designs where parameters at various ages may be specified. No consideration for extension of the
contract period will be entertained for delays incurred in meeting these requirements.

The Contractor’s attention is drawn to the approvals required as indicated in Table A12.7.3-1 below regarding works carried out under this
section of the works:

Table A12.7.3-1: Approvals Required

Clause Requirements* Period
Materials Design Approvals
A12.7.71 Compatible materials for pipe jacking 4 weeks before construction

Materials Approvals

Details and product certificates for materials for
A12.7.51 Pipe jacking, Horizontal directional drilling, Pipe 2 weeks before ordering or delivery
ramming or Micro-Tunnelling

A12.7.7 Construction Method Statements
A12.7.7.2b) Execution of Pipe jacking works 4 weeks before construction
A12.7.7.3 b) Execution of Horizontal directional drilling
A12.7.7.4 a) Execution of Pipe ramming
A12.7.7.52a) Execution of Micro-tunnelling 4 weeks before construction
A12.7.3.4 Removal of surplus material/ spoil

Removal of excess material/ spoil is the Contractor’s responsibility as is well as restoration of the site to conditions which existed prior to
construction. The method for removal or final disposal of spoil shall be not be detrimental to and shall be appropriate to the works. The
costs of removal and final disposal shall be included in his rates.

A12.7.3.5 Pipe jacking

Pipe jacking is a method for installing a casing or sleeve that may serve as a direct conduit for liquids or gases, or as a duct for pipe,
cable, or wire line services. It is a multi-stage process consisting of constructing a temporary horizontal jacking platform and a starting
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alignment track in an entrance jacking pit at the desired elevation. The sleeve/conduit is then jacked from a thrust block by manual control
along the starting alignment track while simultaneous excavation of soil/rock is accomplished by excavating the face under a shield.

Spoil is transported back to the entrance pit either manually or using light wagons on rails. Pipe jacking typically provides limited tracking
and steering as well as limited support to the excavation faces.

A12.7.3.6 Horizontal directional drilling

Horizontal directional drilling is a trenchless method for installing a casing/sleeve that serves as a direct conduit for liquids or gases, or
as a duct for pipe, cable, or wire line products. It is a multi-stage process consisting of drilling a pilot bore along a predetermined path and
then pulling the desired casing/sleeve back through the drilled space. The vertical profile of bore alignment is typically in shape of an
inverted arc. When necessary, enlargement of the pilot bore hole to accommodate a casing/sleeve greater than the pilot bore cross section
is accomplished by back-reaming. This is accomplished by the casing/sleeve being simultaneously pulled back through the pilot bore
space. Bore steering is accomplished by the orientation of drill bit head as it is being pushed along an alignment by an above-ground
hydraulic jack. Orientation and tracking of drill bit are determined by an above-ground radio-detection device which picks up a signal
generated from a radio transmitter contained within the drilling bit. This radio signal is translated into depth and alignment. In order to
minimize friction and provide a soil stabilising agent, a purpose-selected, appropriate drilling fluid is introduced to the annular space
created during boring operations. Rotation of the bit in soil wetted by drilling fluid creates a slurry. This slurry acts to stabilise the
surrounding soils and prevents collapse of the borehole and loss of lubrication. Drilling fluid quantities must be designed for the soil and
ground water conditions. In order to confine any free-flowing slurry at the ground surface during pull back or drilling, sump areas shall be
created to contain any escaping slurry that might damage or be hazardous in the surrounding areas. All residual slurry shall be removed
from the surface and the site restored to pre-construction conditions.

A12.7.3.7 Pipe ramming

Pipe Ramming uses a tool and compressed air to drive a bit through ground under the desired/existing facility. The tool is cylindrical in
shape and ranges in size from 25 to 200 mm in diameter and between 1 and 2 m long. It is made from metal. Different manufacturers
have different front styles and control mechanisms. Some have bullet-shaped fronts and others have a stepped front similar to a uni-bit
(cone or truncated cone bit).

A12.7.3.8 Micro tunnelling

Micro-tunneling is the construction of conduits by one-pass methods without man entry. These construction methods involve jacking pipe
following hand-shield excavation or a micro-tunnel boring machine , with the pipe serving as both tunnel liner during construction and pipe
after completion of construction.

Micro-tunneling is a remotely controlled, guided pipe installation process that provides continuous support to the excavation faces.
Guidance systems usually consist of a laser mounted in the tunnelling drive shaft which communicates a reference line to a target mounted
inside the micro-tunnel boring machine articulated steering head. The micro-tunneling process provides the ability to control excavation
face stability by applying mechanical or fluid pressure to counterbalance earth and hydrostatic pressures.

A12.7.4 DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS
A12.7.41 General

Where design by the Contractor for any technique or aspect or segment or portion of the works to be carried out, is, in terms of the
Contract Documentation, the responsibility of the Contractor, all the aspects given below shall be taken into consideration in carrying out
these obligations.

The following shall normally be specified (where applicable) by the Engineer and reflected in the Contract Documentation:

- Techniques and methods to be followed,

- Material type and quality and properties,

- Site specific requirements,

- Limits of the area and depths to which boring shall be conducted,

- Concrete/grout mix design,

- Bentonite slurry mix design,

- Sequence of installation,

- Permissible limits (pressures, flow rates),

- Quantities of grout/other materials (if required) to be injected/used,

- Monitoring of works,

- Quality and workmanship requirements,

- Measureable properties to be achieved over the life span of the project,
- Anti-corrosion requirements,

- Environmental and safety requirements specific to the techniques to be executed,
- Monitoring and record keeping requirements.

The following information will be generally provided in the Contract Documentation:

- A definition of objectives and control criteria,

- Investigation data including subsurface geological information, hydrological data and geotechnical parameters
- Test data, borehole logs and recovered core samples,

- Limitations including information on subsurface services,

- Availability of materials on site.

The following additional aspects, where applicable shall also be addressed:

- Finishing off of treatment areas to specified lines and levels, whether materials are to be removed, removed and replaced by other
materials, processing of materials and all other measures to be carried out in meeting the requirements as specified in the Contract
Documentation.
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- The Contractor shall provide a quality management plan indicating his proposed quality assurance testing programme which shall allow,
if necessary, testing at each treatment position as required. Testing methods to be employed shall be as specified in the Contract
Documentation.

A12.7.4.2 Contractor’s design

The Contractor shall submit the following in his detailed method statement for the specified works
a) Works methodology
A brief description of proposed methodology shall be given. The description should be sufficient to convey the following:

- The proposed method of construction and type of face support where relevant,

- Manufacturer of and type of equipment proposed,

- The type of lighting and ventilation systems where man entry is desired

- The number and duration of shifts planned to be worked each day,

- The sequence of operations,

- The locations of access shafts and work sites,

- The method of spoil transportation from face, surface storage and disposal location,
- The capacity of jacking equipment and type of cushioning,

- Identify critical structures and utility crossings and special precautions proposed.

b) Drawings and calculations

The Contractor shall, for record purposes, submit drawings, and calculations for any support system designed by him. The drawings
shall be adequate for construction and include installation and joint details. Documents must be signed by a Professional Engineer.

Calculations shall include clear statements of criteria used for design as described below:

- The Contractor is responsible for the selection of appropriate pipe and pipe joints to withstand jacking forces, pulling or other forces and
any or other construction loads in combination with overburden, earth and hydrostatic loads. Design of any pipe indicated on the drawings
considers in-place loads only and does not take into account any construction loads. Criteria for the longitudinal loading (jacking forces)
on pipe and joints shall be determined by the Contractor, based on the selected method of construction,

- Jacked pipe shall be designed to withstand the thrust or pulling forces of Pipe jacking, Pipe ramming, Micro-Tunnelling, shield or pipe
advance, without damage or distortion. Propulsion jacks shall be configured so that the thrust is uniformly distributed and will not damage
or distort the pipe.

- Loads from handling and storing shall be taken into account,

- The criteria contained in TMH 7 parts 1 and 2 are to be used.

- The Contractor shall provide pipes of diameter shown on the drawings. Substitution of the pipe/s with larger diameters to suit Pipe
Ramming, Pipe jacking, Horizontal Directional Drilling or Micro-tunnel boring machine equipment availability will only be permitted if the
Contractor demonstrates that design flows and velocities can be achieved.

A12.7.5 MATERIALS
A12.7.51 General

All materials used in the works described hereunder shall meet the appropriate standards given below and/or specified in the Contract
Documentation and shall be subject to the approval of the Engineer. The Contractor shall submit details and product certificates where
appropriate to the Engineer two weeks before ordering and delivery to site.

A12.7.5.2 Horizontal directional drilling
a) Drilling Fluids

A mixture of bentonite clay or other approved slurry and potable water shall be used as a cutting and soil stabilisation fluid. Viscosity shall
be varied to best fit the soil conditions encountered. Water shall be clean and fresh, with a pH greater than 6.

No other chemicals or polymer surfactants are to be used in drilling-fluids without the written consent of the Engineer and after a
determination is made that the chemicals to be added are not harmful or corrosive to the facility and are environmentally safe.

b) Pipes
Materials must meet or exceed following standards:
Table A12.7.5-1 Material Standards for DD Installation
Material Type Pressure
SANS/ISO 4437

Polyethylene (PE) ASTM D 2447
ASTM 2513,

SANS 4427
STM D 2447
High Density Polyethylene (HDPE) ASTM D 3350
ASTM F714
ASTM 2513

SANS /ISO 966-1
SANS /ISO 966-2
SANS/ISO 16422

Polyvinyl-Chloride (PVC)

Un-plasticised Polyvinyl-Chloride (UPVC)

AWWA C200API 2B
Steel ASTM A139 Grade BAPI 2B (Non-pressure)
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A12.7.5.3 Pipe jacking

a) Materials approved for installation within the road reserve shall be selected based on their suitability for the construction methods

as defined in Table A12.7.5-2 below.

Table A12.7.5-2: Casing/sleeve suitability by construction method

Type Pipe/Casing installation Mode

Suitable Pipe/Casing Material

Pipe Jacking (PJ)  [Jacking

Steel

Reinforced concrete pipes (SC type, D100)

Micro-tunnelling (MT) |Jacking

Ductile iron pipes, fibreglass reinforced polymer
mortar pipes, polymer concrete pipes , pre-
stressed concrete cylinder pipes, reinforced
concrete cylinder pipes, reinforced concrete
pipes, steel pipes , PVC pipes

b) Materials standards for pipes are given in in Table A12.7.5-3 below

Table A12.7.5-3: Material standards for Pipe Ramming

and Micro Tunnelling installations

Material Type

Non-Pressure

Pressure

Ductile Iron (DI)

AWWA C150/C151
ASTM A716, A747

SANS 1835: 2017
AWWA C150/C151

Fibreglass Reinforced Polymer Mortar (FRPM) ASTM D 3262 ASTM D3517AWWA C950
Polymer Concrete (PC) DIN 54815-1 & 2 N/A
Pre-stressed Concrete Cylinder Pipe (PCCP) N/A AWWA C300
Reinforced Concrete Cylinder Pipe (RCCP) N/A ASTM C361

. . ASTM C 79 SANS 676, SANS 677
Reinforced Concrete Pipe (RCP) ASCE 27-00 ASTM C 361AWWA C300/C302

Steel

ASTM A139 Grade B™M
API 2B@

AWWA C200API 2B@

Vitrified Clay Pipe (VCP)

ASTM C1208EN 295-7

N/A

Note (1) No hydrostatic test required (2) Dimensional tolerances only

A12.7.5.4

a) Steel pipe casing

Pipe ramming and Micro-tunnelling

The Institute of Welding which is an Authorized National Body (ANB) of the International Institute of Welding (IWW) require that the steel
casing diameter shall be more than 150 mm larger than the largest outside diameter of the carrier pipe. Casing pipe shall be straight seam
or seamless pipe. All steel pipe may be bare inside and out, with the manufacturers' recommended minimum nominal wall thicknesses to
meet the installation and loading requirements. Coatings to extend service life may be specified. All steel casing pipe shall be square cut
and have dead-even lengths which are compatible with the pipe ramming or pipe jacking equipment.

All steel pipe casings and welds shall meet or exceed the thickness requirements to achieve service life requirements in the Contract
Documentation. Steel pipe casing of insufficient length shall achieve the required length through fully welded joints. Joints shall be air-
tight and continuous over the entire pipe-circumference with a bead greater than that required to meet thickness criteria of the pipe wall.
All welding shall be performed by a welder qualified from the Southern African Institute of Welding which is an Authorised National Body

(ANB) of the International Institute of Welding (IWW).

b) Reinforced concrete pipe casing

In addition to above concrete pipe standards, pipe shall comply with the following minimum requirements:

35MPa concrete compressive strength at 28 days,
Full circular inner and/or outer reinforcing cage

Multiple layers of steel reinforcing cages, wire splices, laps and spacers that are permanently secured together by welding in place

Straight outside pipe wall with no bell modification,
Elliptical reinforcing steel shall not be used.

Single cage reinforcement shall have 25 mm minimum cover from the inside wall,
Double cage reinforcement shall have 25 mm minimum cover from each wall,

Joints shall be the gasket type,

Additional joint reinforcement/bracing shall be provided if required.
Upon installation, the Engineer may, at his discretion, require that the Contractor perform concrete wiping or injection of joints if it is
believed the joints did not maintain water tightness. No additional payment will be made for this operation.
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A12.7.6 CONSTRUCTION EQUIPMENT

A12.7.6.1 Pipe jacking equipment
The pipe jacking system shall:

- Have main jacks mounted in a jacking frame located in the start jacking pit/shaft,

- Have a jacking frame which successively pushes a string of connected pipes following the excavation equipment towards a
receiving pit/shaft,

- Have enough jacking capacity to push the excavation equipment and a string of pipes through ground and may incorporate
intermediate jacking stations, if required,

- Have a capacity at least 20 % greater than the calculated maximum jacking load,

- Each set of jacks shall be fitted with a suitably calibrated pressure gauge in good working order such the actual jacking forces
can be read at any time during the jacking operation

- Develop a uniform distribution of jacking forces on the pipe-end using spreader rings and packing, measured by operating
gauges,

- Provide and maintain a pipe lubrication system at all times to lower the friction developed on the pipe surface during jacking,

- Use jack thrust reactions for pipe jacking that are adequate to support the jacking pressure developed by the main jacking
system. Special care shall be taken when setting the pipe guide rails in the jacking shaft to ensure correctness of alignment,
grade, and stability,

- Provide equipment to maintain proper air quality of manned tunnel operations during construction in accordance with OHS
requirements,

- Enclose lighting fixtures in watertight enclosures with suitable guards and provide separate circuits for lighting, and other
equipment,

- Have electrical systems that conform to the appropriate codes,

- Use a tunnel shield. If a hand shield is used for pipe-jacking (with or without attached mechanised excavating equipment), this
shield must be capable of handling the various anticipated ground conditions. In addition, the shield shall:

- Conform to the tunnel shape with a uniform perimeter that is free of projections that could produce over-excavation or voids. An
appropriately sized overcutting bead may be provided to facilitate steering,

- Be designed to allow the tunnel face to be closed by use of gates or breasting boards without loss of ground.

A12.7.6.2 Horizontal directional drilling
a) Installation equipment
The Contractor shall ensure that appropriate equipment is provided to facilitate the installation as follows:

- Equipment shall be matched to the pipe size installed.

- Contractor to ensure drill rod meets required bend radius,

- Multiple pipe or conduit installations shall be less than the total outside pipe diameter.
The equipment shall be in good working order. Should the type of rig and/or equipment prove inappropriate for the requirements or
conditions on site, these shall be replaced by suitable equipment at the Contractor’s cost.

b) Locating and tracking

The Contractor shall provide details of his proposed method of locating and tracking the drill head during pilot boring. Walkover, wire line,
and wire line with surface grid verification as approved by the Engineer, shall be accepted methods of tracking directional bores. Locating
and tracking systems shall be capable of ensuring the intended installation is achieved. If an area of radio signal interference is expected
to exceed 2 m, the Contractor shall provide a suitable alternative tracking system. Locating and tracking systems shall provide information
on:

- Clock and pitch,

- Depth,

- Transmitter temperature,

- Battery status,

- Position (x and y),

- Azimuth, where direct overhead readings (walkover) are not possible (i.e. subaqueous or limited access) transportation facility,
- Proper calibration of equipment,

- Alignment readings or plot points shall be taken and recorded every 2,0 m.

c) Monitoring/survey

All facilities shall be installed in such a way that their location can be readily determined by electronic designation after installation. For
non-conductive installations this shall be accomplished by attachment of a continuous conductive material either externally, internally, or
integrally with casing/sleeve. Either a copper wire line or a coated conductive tape for this material may be used. Any break in conductor
must be connected by an electrical clamp of brass or solder and coated with a rubber or plastic insulator to maintain the integrity of
connection from corrosion

A12.7.6.3 Pipe ramming
a) General

The tool, comprising a bit of either bullet, cone or truncated-cone shape, varying from 25 to 200 mm in diameter and 1,0 to 2,0 m length
is powered by oil and compressed air in jack-hammer fashion. As the tool pounds through the ground it compresses the soil and this
compaction ensures a stiffened annulus which prevents collapse, facilitating casing installation.

The Contractor shall make use of specialist Sub-contractors experienced in the use and maintenance of the above equipment
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A12.7.6.4 Micro-tunnelling boring machine
a) General

Full directional guidance of a shield shall be used. The Contractor shall employ micro-tunnelling equipment capable of handling the
various anticipated ground conditions and is capable of minimizing the loss of soil ahead of and around the machine and shall provide
satisfactory support of the excavated face.

Micro-tunnel boring machines shall conform to the tunnel shape with a uniform perimeter that is free of projections that could produce
over-excavation or voids. An appropriately sized overcutting bead may be provided to facilitate steering. In addition it shall be:

- Capable of full-face closure,

- Equipped with appropriate seals to prevent the loss of bentonite lubricant,

- Capable of correcting roll by reverse drive or utilising fins,

- Designed to handle adverse ground conditions including ground water ingress,

- Equipped with a visual display to show the operator the actual position of the micro-tunnel boring machine relative to the design
reference.

b) Performance requirements
Micro-tunnel boring machines shall be:

- Capable of providing positive face support regardless of micro-tunnel boring machines type,

- Articulated to enable the controlled sheeting in both vertical and horizontal directions to a tolerance of + 25 mm from design alignment,
- Controlled remotely from a surface unit,

- Capable of controlling rotation. This is accomplished using a bi-directional drive on cutter head or by using anti-roll fins or grippers,

- Capable of injecting lubricant around the exterior of pipe being jacked,

- Capable of controlling the rise and fall to acceptable tolerances as indicated in the Contract Documentation.

c) Main control system

The main control system of micro-tunnel boring machines shall provide the following information to the operator as a minimum required
for successful operation of micro-tunnel boring machine :

- Deviation of micro-tunnel boring machine from required line and grade of pipeline (normally by reference to a laser beam),
- Grade and roll of micro-tunnel boring machine

- Jacking load,

- Torque and rotation velocity of cutter head,

- Instantaneous jacking rate and total distance jacked,

- Indication of the steering direction.

d) Remote control system

micro-tunnel boring machines shall have the following features:

- Operation of the system without need for personnel to enter the tunnel. A display available to the operator, at a remote operation console,
showing the shield position in relation to a design reference together with other information such as face pressure, roll, pitch, steering
attitude, valve positions, thrust force, and cutter head torque; the rate of advance and the installed length,

- An integrated system of excavation and removal of spoil and its simultaneous replacement by conduit.

e) Active direction control

Micro-tunnel boring machines shall have the following features:

- Line and grade control by a guidance system that relates actual position of the micro-tunnel boring machine to a design reference
(e.g. by a laser beam transmitted from the jacking shaft along pipe to a shield-mounted target,
- Active steering information which shall be monitored and transmitted to operating console,

f) Jacking system

The jacking system shall have the capability of pushing the micro-tunnel boring machine and pipe through the ground in a controlled
manner compatible with the anticipated jacking loads and pipe capacity.

g) Spoil transportation systems

Where any of the above techniques use a spoil-transportation system, this shall balance soil and ground water pressures using a slurry
or earth pressure balance system, capable of adjustments required to maintain the face stability for the particular soil condition and shall
monitor and continuously balance the soil and ground water pressure to prevent loss of slurry or uncontrolled soil and ground water
inflow.

In the case of a slurry-spoil transportation system it shall:

- Provide pressure at the excavation face using slurry pumps, pressure control valves, and a flow meter,

- Include a slurry bypass unit to allow the direction of flow to be changed and isolated, as necessary,

- Include a separation process. The design shall provide adequate separation of the spoil from the slurry so that slurry with sediment
content within limits required for successful micro-tunnelling can be returned to the cutting face for reuse.

- Appropriately contain spoil on site prior to disposal,

- Use a type of separation process suited to the size of tunnel being constructed, the soil type being excavated, and the workspace
available at each work area for the operating plant,

- Allow composition of slurry to be monitored to maintain slurry density and viscosity limits required.

Where a cased auger earth pressure balance system is used:

- It shall be capable of adjustments required to maintain the face stability for the particular soil conditions encountered.
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- It shall monitor and continuously balance the soil and ground water pressure to prevent loss of soil or uncontrolled ground water
inflow. Using this system, pressure at the excavation face is managed by controlling the volume of spoil removed with respect to the
advance rate,

- Speed of rotation of the auger flight, and the addition of water shall be monitored.

A generator which is suitably insulated for noise ("hospital" type) shall be used in residential or commercial areas.

A12.7.71 EXECUTION OF THE WORKS

a) General

Operations shall be conducted in accordance with applicable safety rules and regulations, OHS standards and the Contractor's safety plan.
Methods which include due regard for safety of work-persons, adjacent structures, utilities, and public shall be used. Clean, safe and neat
working conditions shall be maintained.

The Contractor shall identify suitable sources of fresh water for mixing drilling mud. Approvals and permits are required.
Methods for operations shall be used that will minimize ground settlement. The method shall control flow of water and prevent loss of soil into
tunnel and provide stability of face under anticipated conditions.

Power distribution systems shall be identified under the contract or permit provisions. Noise constraints shall be identified.

The Contractor shall establish and maintain construction control points, reference lines and grades for locating bore tip and detect movement
of ground surface and adjacent structures, in any of the Pipe jacking, Horizontal directional drilling, Pipe ramming or Micro-Tunnelling
operations. The control points shall be sufficiently far from work so as not to be affected by activities on site.

If settlement of ground surface occurs during boring which disturbs temporary benchmarks, the Contractor shall re-establish these.
Installation of instrumentation shall not preclude the Engineer, through an independent Contractor or consultant, from installing instrumentation
in, on, near, or adjacent to construction work. Access shall be provided to works for such independent installations.

Spoil shall be removed so as not to create a hindrance to other activities in the area.

Entry, recovery pits, slurry sump pits, or any other excavation which contain drilling fluids shall be restored and cleaned of all excess slurry
left on/in the ground after installation of casing/sleeve. Removal and final disposal of excess slurry or spoils as casing/sleeve is introduced
shall be the Contractor's responsibility. The cost of restoring damaged pavement, kerbs, sidewalks, driveways, lawns, storm drains,
landscape, and other facilities shall be borne by the Contractor.

A12.7.7.2 Pipe jacking

a) General
Construction Installation shall be carried out in accordance with SANS 2001-DPS8.
b) Locating and tracking
For all installations, the Contractor shall include in detailed method statements his proposed strategy for providing:

- A true indication of where the leading edge of the casing is located with respect to line and grade. This may be provided by a water
gauge (manometer), electronic transmitting and receiving devices, or other approved methods. The Contractor shall indicate the
proposed intervals for checking line and grade, and record keeping on site.

- Equipment of adequate size and capability to install the project. This includes the equipment manufacturer's information for all power
equipment used in the installation,

- Means for controlling over-cut to a minimum, with maximum limited to a 20 mm space around casing pipe circumference,

- Adequate casing lubrication with a bentonite slurry or other approved lubricant and other/or other support measures to ensure no loss of
grout,

- An adequate band around the leading edge of casing to provide extra strength, which reduces skin friction as well as providing a method
for the slurry lubricant to coat the outside of casing,

c) Process

- The following shall be complied with in pipe jacking operations:

- The excavation shall be kept within reserves indicated on the drawings and to the lines and grades designated on the drawings and/or
given in the Contract Documentation,

- Operations shall be performed in a manner that will minimize the movement of ground in front of and surrounding the jack,

- Damage to structures and utilities above and in vicinity of operations shall be prevented,

- Open-faced excavations shall be kept breasted or otherwise supported to prevent falls, excessive raveling, or erosion. Standby face
supports shall be provided for immediate use when required. During shut-down periods, the excavation-face shall be supported by
positive means and no support shall rely solely on hydraulic pressure unless continuously attended by a responsible person.

- The excavated diameter shall be to a minimum size to permit pipe installation by jacking with allowance for bentonite injection into the
annular space,

- Whenever there is a condition encountered which could lead to face collapse and/or destabilisation of adjacent structures, operations
shall continue uninterrupted 24 hours per day until this condition no longer exists,

- The Contractor shall be responsible for damage due to settlement from any construction-induced activities.

- Pipe joints shall be cushioned as necessary to transmit the jacking forces without damage to the pipe or pipe joints,

- An envelope of bentonite slurry shall be maintained around the pipe exterior during jacking and excavation operations to reduce exterior
friction and possibility of the pipe seizing in place,

- If the pipe seizes in place and Contractor elects to construct a recovery access shaft, approval shall be obtained from appropriate local
authorities to coordinate traffic control measures as may be applicable and utility adjustments as necessary prior to commencing the
work,

- If a pipe section is damaged during jacking operations, or joint failure occurs, as evidenced by inspection, visible ground water inflow or
other observations, the Contractor shall submit his methods for the repair or replacement for approval by the Engineer.
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- All facilities shall be such that their location can be readily determined by electronic detection. Non-conductive conduits shall be fitted
with a continuous metallic strip.

A12.7.7.3 Horizontal directional drilling
a) General

Installations shall be carried out as per ASTM 1962 as directed by the Engineer.
b) Process

For all installations, the Contractor shall include in his detailed method statements his proposed strategy. Monitoring of pumping rate,
pressures, viscosity, and density of drilling fluids shall be carried out during pilot bore, back-reaming, and pipe installation stages, to
ensure adequate removal of the soil cuttings and the stability of borehole. Holes may be used as necessary for excess-pressure relief. To
minimize heave during pullback, the pullback rate shall be determined in order to maximize the removal of soil cuttings without building
excess down-hole pressure. Excess drilling fluids shall be contained at the entry and exit points until they are recycled or removed from
site. Entry and exit pits shall be of sufficient size to contain the expected return of drilling fluids and soil cuttings.

The Contractor shall ensure that all drilling fluids are disposed of or recycled in a manner acceptable to the appropriate regulatory agencies.
When drilling in suspected contaminated ground, the drilling fluid shall be tested for contamination and disposed of appropriately. Any
excess material shall be removed upon completion of bore.

If during installation an obstruction is encountered which prevents installation of pipe in accordance with this specification, this pipe may
be taken out of service and left in place at discretion of the Engineer and shall immediately be filled with an approved cementitious grout.
A new installation procedure and revised plans must be submitted and approved by the Engineer before work resumes.

Restoration for damage remains the responsibility of the Contractor. Any pavement heaving or settlement damage shall be repaired to
the Engineer’s satisfaction.

The diameters given in Table A12.7.7-1 shall be applicable:
Table A12.7.7-1 Maximum Back-Ream Hole Diameter

Pilot Hole Diameter (mm) Back-Ream Hole Diameter (mm)
50 100
75 150
100 200
150 250
200 300
250 350
2300 Maximum Casing/sleeve OD plus 150 mm

A12.7.7.4 Pipe ramming
a) General

For all installations, the Contractor shall provide detailed method statements indicating his proposed strategy.
b) Process and quality control

After setting up on site, the probe tip shall be inserted and advanced into the ground using percussive pneumatic/hydraulic techniques under
control of the guidance system such that the desired location at any point along the length is obtained. On exit of the ram-boring probe, back-
reaming techniques shall be used to insert the desired casing/tubing into the pre-formed hole.

A12.7.7.5 Micro-tunnelling

a) General

For all installations, the Contractor shall provide detailed method statements indicating his proposed strategy.

b) Specific micro-tunnel boring machine requirements

Continuous pressure shall be provided to the excavation face to balance groundwater and earth pressures. Shafts shall be of sufficient
size to accommodate the equipment and pipe selected, and to allow for safe working practices. Entry and exit seals shall be provided at
the shaft walls to prevent inflow of groundwater, soil, slurry, and lubricants. Thrust blocks shall be designed to distribute the loads in a
uniform manner so that any deflection of the thrust block is uniform and does not impart excessive loads on the shaft itself or cause the
jacking frame to become misaligned.

The jacking forces applied to pipes shall be monitored and not exceed pipe manufacturer's recommendations.

Pipe lubrication systems shall be functional at all times and sulfficient to reduce the jacking loads. The systems shall include mixing/ holding
tanks and pumps to convey the lubricant from the holding tank to the application points at the rear of MTBM. Sufficient fluids shall be
maintained on site to circumvent loss of lubrication.

c) Process

The Contractor shall make immediate corrections to alignment before allowable tolerances are exceeded. When the excavation is off line
or grade, alignment corrections shall be made to avoid reverse grades in gravity sewers,

The volume of slurry flow shall be monitored in both supply and return side of the slurry loop and position of the slurry by-pass valve.
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The following shall be recorded:
The pipe jacking pressures per drive,

- The location, elevation and brief soil descriptions of soil strata,

- The ground water control operations and piezometric levels,

- Any lost ground or other ground movement or any unusual conditions or events,

- If a drive is halted the Contractor shall indicate reasons for if a drive is halted operational shutdown.

A12.7.7.6 Monitoring and records
The Contractor shall

. Record elevations to an accuracy of 3,0 mm for each monitoring point location Monitoring points should be established at locations
protected from damage by construction operations, tampering, or other external influences. Elevations shall be recorded to an accuracy
of 3,0 mm for each monitoring point location.

. Record the ground surface elevations on the centerline ahead of operations at a minimum of 20 m intervals or at least three locations
per tunnel drive. For pipes greater than 1,5 m diameter, also record similar data at approximately 5,0 m each side of centerline.
Settlement monitoring points must be clearly marked by studs or paint for ease of locating,

. Monitor ground settlement directly above and 3,0 m before and after utility or pipeline intersection.

- Prior to zone of active excavation reaching that point,
- When tunnel face reaches a monitoring point (in plan), and,
- When the zone of active excavation has been passed and no further movement is detected.

All records shall be gathered and maintained by the Contractor in an electronic format as per layout, frequency and detail required by the

Engineer or as he might require modified from time to time. Where so specified these shall be uploaded to an agreed data base on a

daily basis which will be available to the Engineer at all times.

The Contractor shall provide a monitoring report to the Engineer within 14 days of completion of each bore. Completed As-Built drawings
shall be submitted to the Engineer within 30 calendar days. No payment shall be made until required records are delivered.

A12.7.7 WORKMANSHIP

A12.7.8.1 Pipe jacking, directional drilling, pipe ramming and micro-tunnelling

On completion of any casing or non-casing carrier installation, the Engineer shall order pressure tests and any other testing as may be
specified in the Contract Documentation.
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B12.7 TRENCHLESS METHODS

PART B: LABOUR ENHANCEMENT
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DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS
MATERIALS

CONSTRUCTION EQUIPMENT

EXECUTION OF THE WORKS

WORKMANSHIP

SCOPE

The provisions of Part A shall apply.

B12.7.2

DEFINITIONS

The provisions of Part A shall apply.

B12.7.3

GENERAL

The provisions of Part A shall apply.

B12.7.4

DESIGN BY CONTRACTOR/PERFORMANCE BASED SYSTEMS

The provisions of Part A shall apply.

B12.7.5

MATERIALS

The provisions of Part A shall apply.

B12.7.6

CONSTRUCTION EQUIPMENT

The provisions of Part A shall apply.

B12.7.7

EXECUTION OF THE WORKS

The provisions of Part A shall apply.

B12.7.8

WORKMANSHIP

The provisions of Part A shall apply.
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C12.7 TRENCHLESS METHODS

PART C: MEASUREMENT AND PAYMENT

(i) Preamble

The tendered rate for each pay item shall include full compensation for providing, operating, maintaining and decommissioning upon
completion, of all the construction equipment, labour, tools, incidentals and supervision to carry out the activity or construct the works in
the pay item as specified, unless otherwise stated.

Any prime cost or provisional sums shall be paid in accordance with the provisions of the conditions of contract. The charge or mark-up
tendered or allowed for is a percentage of the amount actually paid under the prime cost or provisional sum. This percentage shall
cover all the Contractor’'s handling, supervision, profit and liability costs to provide the services in the prime cost or provisional sum item.

The requirements of Clauses C1.1.1, C1.1.2 and C1.1.3 of Chapter 1 shall apply.

Where pay item descriptions include any wording in brackets it is an indication that contract specific information is to be inserted in the
Pricing Schedule included in the Contract Documentation.

(ii) Notes on measurement and pay ltems

1. Unless otherwise ordered or stated in the Contract Documentation, trench depths will be measured from the surface of the ground along
the centre-line of the trench to the bottom of the specified bedding layer (as applicable). Where no bedding is required it shall be
measured to the underside of the duct or pipe.

2. The ground surface will be that existing after any bulk earthworks have been carried out, i.e. the excavated surface or embankment
surface, unless a different sequence of execution has been ordered.

3.  Excavations will be measured as if taken out with vertical sides, regardless of whether they have been taken out with sloping sides.

4. The length used for trench computations will be the total through-length of a pipe or duct etc. from end to end and no deduction will be
made for manholes or access chambers etc.

5.  Wherever volumetric measurement is required, the volume will be computed from the depth determined as indicated in 1. and 2. above
and using the authorised width (W) determined in accordance with the specification.

6. Where shoring is specified or ordered, the length of shoring measured for payment will be the length of the centre-line of the trench.

(iii) Items that will not be measured separately

The following activities, whether required to complete the specified work or not, will not be measured and paid for separately and the
Contractor shall include the cost thereof in other pay items as the Contractor deems appropriate:

1. No separate payment will be made for backfiling excess excavations, disposing of surplus material etc. or any other contingent work,
unless the work is specifically specified or ordered.

2. No separate payment will be made for setting out the works.

3. No separate payment will be made for the protection or repair as required of any existing or new road furniture, structures, buildings,
infrastructure or services damaged by the Contractor’s activities and for complying with all the requirements of Clause A2.1.3.4.

4. No additional payment shall be made, nor shall any claim for additional payment be considered, for any specified work in confined or
restricted areas. Any additional costs associated with working in confined or restricted areas shall be deemed to be included in the
standard applicable pay items.

5. No separate payment will be made for the loading of any materials.

6. No separate payment will be made for the hauling of any materials where the material is moved over a distance of less than, and up to,
1,0 km.

7. No separate payment will be made for transporting materials from commercial sources irrespective of the haul distance.

8. No separate payment will be made for the removal of any surplus material imported to complete the works.

(iv) Items to be measured and paid for using items specified elsewhere in the specifications

None

(v) Items specifically for this section of the specification
Item Description Unit

C12.71 Establishment on site for: (indicate type of operation: Pipe Jacking, Horizontal directional lump sum
drilling, Pipe Ramming, or Micro-tunnelling)

The unit of measurement shall be a lump sum. The tendered lump sum for above shall include full compensation for establishing all necessary
plant and equipment on site to carry out the works and for removal from site of all such plant and equipment including all temporary works
such as access roads, staging, platforms and such like on completion of the works.

Work shall be paid as a lump sum, 50 % of which shall be due when all the equipment is on site and trials (if any) are successfully completed
to the Engineer’s satisfaction. The second instalment of 25 % shall be payable after half-length is installed and the final 25% instalment after
full-length, in service, acceptable installation, and all equipment is removed from site.

The tendered lump sum shall include full compensation for all post-construction requirements as specified.

No extra payment shall be made for establishment of additional plant, should established plant not be capable of achieving desired objectives.
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Item Description Unit

C12.7.2 Moving to and setting up equipment at each position for (indicate type of operation) number (No)

The unit of measurement shall be the number of positions to which equipment is moved and set up in position. The quantity measured shall
be number of set ups at positions as well as at trial positions or at positions where Engineer ordered re-setup.

The tendered rate shall include full compensation for all costs involved in moving and setting up any equipment.

Item Description Unit
C12.7.3 Installing holes (diameter, lining type indicated) to required length for (indicate type of metre (m)
operation)

The unit of measurement shall be the metre of hole installed to length required.

The tendered rate shall include full compensation for inlet and outlet structures, including dewatering sumps and operation of pumps to keep
the Works dry, supplying, installing and extracting temporary casing, installing permanent casing as well as for excavating and disposing of
material resulting from conduit formation.

Item Description Unit
C12.7.4 Penetrating unidentified obstructions/services (indicate type of operation, i.e. Pipe Jacking,
Horizontal directional drilling, Pipe Ramming or Micro-tunnelling) for penetration of:
C12.7.4.1  Steel oriron metre (m)
C12.7.4.2 Concrete metre (m)
C12.7.4.3 Rock of UCS > 3MPa metre (m)

The unit of measurement shall be the metre of obstruction penetrated.

The tendered rate for drilling shall include full compensation for drilling, cutting, blasting as may be necessary, as well as supplying, installing
and extracting temporary, and installing permanent casing as well as for disposing of surplus material resulting from penetrating unidentified
obstructions.
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D12.7 TRENCHLESS METHODS
PART D: GUARANTEES AND COMPLIANCE CERTIFICATES

The Contractor shall provide detailed specifications and certificates from independent reputable agencies for all proprietary casing/sleeves
and materials proposed for use. These shall demonstrate conformance with the performance requirements stipulated in the Contract
Documentation.

CONTENTS

D12.71 SCOPE

D12.7.2 GENERAL

D12.7.3 PERFORMANCE GUARANTEE REQUIREMENTS
D12.7.4 FUNCTIONAL PERFORMANCE ASSESSMENTS
D12.7.5 VISUALLY ASSESSED PROPERTIES

D12.7.6 INSTRUMENTALLY ASSESSED PROPERTIES
D12.7.7 EVALUATION FOR ACCEPTANCE

D12.7.8 ADDITIONAL PROCEDURES TO BE ADOPTED IN THE EVENT OF FAILURE
D12.7.9 NOTIFICATION OF REMEDIAL WORK

D12.7.10 REMEDIAL WORKS

Where applicable, details must be provided in the Contract Documentation.

D12.7.1 SCOPE

The scope of this section covers the following:
Guarantees and compliance certificates
Product conformance specifications

D12.7.2 GENERAL

The Contractor shall provide detailed specifications, test data, performance data and compliance certificates from independent reputable
agencies for all proprietary systems, processes and materials proposed for use. These shall demonstrate conformance with the
performance requirements specified in the Contract Documentation.

D12.7.3 PERFORMANCE GUARANTEE REQUIREMENTS

The Contractor shall, within 28 days of entering into the contract with the Employer, submit to the Engineer conformance documentation
related to the specifications.
Conformance documentation shall be provided for the following:

Materials and Materials Design as per Clause A12.7.3

Materials as per Clause A12.7 5,

Construction Equipment as per Clause A12.7.6

Execution of the Works as per A12.7.7

b12.7.4 FUNCTIONAL PERFORMANCE ASSESSMENTS

No specific items in this Section.

D12.7.5 VISUALLY ASSESSED PROPERTIES

No specific items in this Section.

12.4.6 INSTRUMENTALLY ASSESSED PROPERTIES

No specific items in this Section.

D12.7.7 EVALUATION FOR ACCEPTANCE

No specific items in this Section.

D12.7.8 ADDITIONAL PROCEDURES TO BE ADOPTED IN THE EVENT OF FAILURE

No specific items in this Section.

D12.7.9 NOTIFICATION OF REMEDIAL WORK

No specific items in this Section.

D12.7.10 REMEDIAL WORKS

No specific items in this Section.
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A12.8 GROUND DRAINAGE

CONTENTS

PART A: SPECIFICATIONS

A12.8.1 SCOPE

A12.8.2 DEFINITIONS

A12.8.3 GENERAL

A12.8.4 DESIGN BY CONTRACTOR/PERFORMANCE BASED SYSTEMS
A12.8.5 MATERIALS

A12.8.6 CONSTRUCTION EQUIPMENT

A12.8.7 EXECUTION OF THE WORKS

A12.8.8 WORKMANSHIP

PART B: LABOUR ENHANCEMENT
PART C: MEASUREMENT AND PAYMENT
PART D: GUARANTEES AND COMPLIANCE CERTIFICATES

PART A: SPECIFICATIONS
A12.8.1 SCOPE

This Section covers various methods of ground drainage including wells, horizontal drains, vertical band-or wick drains and drainage blankets.

Unless provided for in the Contract Documentation dewatering of excavations shall be regarded as temporary works and no payment will be
made in this regard. The Contractor’s attention is also drawn to Clause A1.2.3.19 of Chapter 1 in this regard. Groundwater conditions and/ or
construction requirements may necessitate the design and application of site-specific dewatering system/s. Where such works are included
under the Contract Documentation these shall be carried out as specified under Section A12.12.

A12.8.2 DEFINITIONS

Wells - comprise preformed holes or trenches from which water is extracted by dewatering pumps to lower the water table /phreatic surface
thereby improving stability and/ or enabling excavation.

Horizontal drains - are sub horizontal drainage holes installed to intercept saturated material horizons in soil and rock slopes. Slotted collector
pipes or band drains, generally wrapped in a geosynthetic filter fabric or geotextile filter jacket to retain fine soil and rock particles, are inserted
in the drilled holes to drain collected moisture.

Vertical drains - are vertical drains comprising pre-manufactured long cylindrical formed geosynthetic filter socks that can be sand filled or
have cuspated cores wrapped in a geotextile filter jacket installed in a regular grid into soft compressible soils to provide preferred drainage
paths to accelerate consolidation settlement.

Sand drains - are vertical drains comprising columns (typically 150 mm to 250 mm in diameter) of highly permeable sand in holes formed
in the ground by either drilling or driving in a regular grid. These are used in stiff and dense soils which preclude the effective installation
of band drains

Geosynthetic Drains - also referred to as Blanket drains comprises a geotextile filter fabric encapsulated/wrapped layer of drainage material
such as free draining sands or drainage stone constructed to intercept, collect or counteract moisture movements beneath structures such as
embankments and in roadbeds in cuttings.

Geocomposite drains - consist of drainage cores acting as a flow nets which are enclosed in a geotextile.

Construction Dewatering - is the removal or draining of groundwater from a riverbed, construction site or caisson by pumping or other
means. Dewatering may be implemented before subsurface excavation for foundations or shoring to lower the water table. (See Section
A12.12)
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A12.8.3 GENERAL
A12.8.3.1 Method Statements

Where so indicated by the Engineer the Contractor shall prepare detailed method statements for each facet of ground drainage describing
key aspects such as construction methodology, key plant, materials, personnel as well as any programme constraints of the envisaged
construction process.

These method statements shall be prepared and submitted to the Engineer for approval prior to commencement of that activity, within time
scales specified. The onus lies with the Contractor to ensure that the information is obtained and that associated activities are completed
expeditiously to avoid any delays in the commencement, continuation and completion of the required works. Unless otherwise specified
or provided for in the Contract Documentation no permanent works shall be commenced until the Engineer’s approval of the relevant
method statement. The Contractor shall, however, remain responsible for all work-methods, materials, plant and equipment used,
notwithstanding acceptance by the Engineer

The Contractor shall be required to construct trials and the testing thereof as specified herein and shall make due allowance therefore in
his programme. Allowance shall also be made for allow for the Engineer’'s assessment of constructed works, procedures followed, and
materials and plant utilised and test data. Production work shall not be permitted until it is shown and accepted by the Engineer that the
Contractor possesses the necessary experience, plant and equipment to carry out the works as specified in the Contract Documentation.

It should be noted that work shall only be performed by personnel listed by the Contractor. If personnel changes need to be made during
the project, works shall be suspended until replacement personnel are approved by the Engineer. Time lost due to incomplete
submissions, unacceptable submissions, or obtaining approval of replacement personnel will not be considered as cause for extension of
time or delay claims. All costs associated with incomplete, replacement, or unacceptable submissions shall be to the Contractor’s cost.

Once approved in writing by the Engineer, these shall become the method statements in accordance whereby the relevant portion of the
works shall henceforth be executed. Notwithstanding, the Engineer may require revision from time to time if circumstances during
construction arise which warrants change.

A12.8.3.2 Materials and materials design approvals

All materials used in the works described hereunder shall meet the appropriate standards given below and/or specified in the Contract
Documentation and shall be subject to the approval of the Engineer. The contractor shall submit product certificates, conformance
documentation (as per Part D) related to the specifications, test results as required together with samples of materials and where applicable,
materials designs that he proposes to use in the construction of the works to the Engineer for his acceptance/approval as provided for in
the contract documentation.

Due allowance shall be made for obtaining materials, resubmissions and re-designs, all to the required/approved standards,
methods and practices in attending to these requirements. Particular attention shall be paid to the early submission of materials-,
concrete- and grout mix designs where parameters at various ages may be specified. No consideration for extension of the
contract period will be entertained for delays incurred in meeting these requirements.

The Contractor’s attention is drawn to the approvals required as indicated in Table A12.8.2-1 below regarding works carried out under this
section of the works:

Table A12.8.2-1: Approvals required

Clause Requirements* Period
Method Statements

A12.8.7.1 Wells 2 weeks

A12.8.7.2 Horizontal Drains 2 weeks

A12.8.7.3 Vertical Drains 2 weeks

A12.8.7.4 Geosynthetic/Blanket Drains 2 weeks
Materials Approvals

A12.8.5.1a) Materials for Wells 2 weeks

A12.8.5.2a) Materials for Horizontal Drains 2 weeks

A12.8.5.3a) Materials for Vertical Drains 2 weeks

A12.8.5.4a) Materials for Geosynthetic / Blanket Drains 2 weeks

A12.8.3.3 Wells

Wells provide an effective means of drawing down water tables / phreatic surfaces in permeable to slightly permeable materials such as sandy
soils and gravels resulting in increased stability and excavatability of in situ materials with reduced risk of sidewall collapse.

Wells generally comprise drilled holes fitted with slotted pipes and filter elements from which collected water is withdrawn by pumping.
Temporary wells may be dewatered employing surface pumps while permanent systems shall have submersible pumps installed as instructed
by the Engineer

Well systems may employ suction or positive displacement. For suction systems the maximum effective depth is about 6m, for suction type
systems. Positive displacement systems do not have any limit as single and multiple stage pumps may be used

Installations may comprise individual single installations or multiple well points, sometimes linked to a base station/monitoring point.

The purpose of the wells shall be indicated in the Contract Documentation. Wells may be required for a fixed period such as during construction
or may be long term where ongoing phreatic level control is required for stability reasons (e.g. springs upstream of structures). Long term
installations will require a permanent source of electrical power to drive the pumps. Connection to the nearest local electricity network will be
required. Where so specified the Contractor shall obtain the necessary approvals for connection to such and have this work done by a
competent firm, to the local authority’s approval.
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A12.8.3.4 Horizontal drains

Horizontal drains provide means of to lower phreatic surfaces pore water pressures in potentially unstable slopes or existing embankments
that may have become unstable due to moisture entry thereby and increasing the shear strength of the soil, improving the stability and
reducing the risk of failure. Horizontal drains are commonly used in failed slope repairs where subsurface water is involved in the mechanics
of failure as interceptor drains above and as relief drains within the failed mass.

The drains generally comprise slotted collector pipes installed in holes drilled into the slope at shallow angle above the horizontal.
Geotextle filter socks are fitted over the pipe to prevent material egress.

An array of pipe inclinations and lengths is commonly required. Drains may be installed in fan array/s placed at specific position and
elevations to ensure interception of critical seepage lines. This reduces the number of drilling set ups and facilitates construction of
collector systems to manage discharged water.

A12.8.3.5 Vertical drains (Band/ wick or sand drains)

The construction of new embankments or structures induces additional stresses on in situ soils that may create instability or unacceptable
settlements during the life of the structure. Fine grained soils such as clays and silts are often saturated and settlement will only occur
if excess water is expelled through voids in the soil grains and particles. Such soils exhibit low permeability rendering the reduction of
pore water pressure a slow process.

Vertical band/ wick drains or sand drains provide means of increasing the rate of consolidation, and is aimed at reducing construction time
for earth embankments.

An early constructed surcharged embankment (or preload) provides further means to accelerate settlements and minimise the long-term
residual deflections (See Chapter A5.2.7.9).

A12.8.3.6 Geosynthetic drains

£ Geosynthetic drains, also referred to as blanket drains, generally comprise a layer of free draining material encapsulated or wrapped in a
geosynthetic. The construction of geosynthetic drains shall not commence before the Engineers approval of the preparatory work at the base
and tie-ins with existing materials/ construction works. Particular attention shall be paid to the provision of the required grade over the full area
of the drain and discharge means specified in the Contract Documentation.

A12.8.3.7 Construction dewatering

Dewatering for the removal or draining of groundwater from a riverbed, construction site or caisson may be done by gravitational draw off
through excavated channels, by bailing or by pumping from sumps or wells.

A12.8.4 DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS
A12.8.4.1 General

Where design by the Contractor for any ground drainage technique or aspect or segment or portion of the works to be carried out is, in
terms of the Contract Documentation, the responsibility of the Contractor, all the aspects given below shall be taken into consideration in
carrying out these obligations.

A12.8.4.2 Typically specified items
The following, as may be applicable shall normally be specified by the Engineer and reflected in the Contract Documentation:

- Techniques and methods to be followed

- Site specific requirements

- Drilling method, as may be applicable

- Provisional positions of drains

- Lengths of drains

- Spacing of treatment positions

- Quality and workmanship requirements

- Environmental and safety requirements specific to the techniques to be executed
- Monitoring and record keeping requirements.

A12.8.4.3 Available information

The following information will be generally provided in the Contract Documentation:

- Description of the objectives and the control criteria

- Investigation data including subsurface geological information, hydrological data and geotechnical parameters
- Projected optimum interception points for dewatering/ moisture withdrawal

- Test data, borehole logs and recovered core samples

- Limitations including information on subsurface services

A12.8.4.4 Additional requirements

The following additional aspects, where applicable shall also be addressed:

- Finishing off of treatment area to specified lines and levels, whether materials are to be removed and replaced by other materials,
processing of materials and all other measures to be carried out in meeting the requirements as specified in the Contract Documentation.
- The Contractor shall provide a quality management plan indicating his proposed quality assurance testing program.
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A12.8.5 MATERIALS
A12.8.5.1 General

The Contractor shall submit samples and technical details of the proposed materials for all types of drains described below to the Engineer,
for acceptance at least 2 weeks before the approved programmed trial/construction activity. The source, manufacturer’s technical date and
test results as may be pertinent shall be clearly stated. Where appropriate a prototype of the specified drain shall be assembled and presented
for inspection.

A12.8.5.2 Wells

The anticipated depth of the wells shall be given in the Contract Documentation or shall be as determined on site during drilling operations.
Materials for wells shall be as specified below.

a) Drainage pipes

Unless otherwise specified the pipes shall be uPVC conforming to SANS 966-1, Class 16, generally with a diameter of 125, 140 or 160 mm,
to match anticipated flow and pump capabilities.

The pipes shall be radially slotted with two rows of slots, at 60 degrees either side of the centreline at 5mm intervals. The slot length measured
along the inner chord shall be 25 mm £ 5 mm and the slot width greater than 0,2 mm, less than 0,5 mm wide. Joins shall be sleeved and pop
riveted with non-corrodible rivets in addition to being glued with approved solvent cement. The distal end shall be fitted with an end cap, glued
and riveted in place.

b) Sand

The filter sand used to fill the void between the drilled hole sides and the slotted pipe shall be clean, siliceous sand from an approved source
with less than 5 % smaller than 0,425 mm and less than 5 % greater than 1,18 mm. The sand shall also comply with the requirements of
SANS 1083.

c) Base station

A base station linking all well points designated as operational by the Engineer and which are fitted with permanent pumps shall be constructed
as per the Typical Drawing in the Contract Documentation. The Base station shall house the flow meter/s.

A12.8.5.3 Horizontal drains

a) General

Materials for horizontal drains shall be as specified below. The Contractor shall provide the Engineer with a sample of all the materials for his
approval prior to delivery to site clearly stating the source, manufacturer’s technical data and pertinent test results. The Contractor shall allow
for a two-week approval time.

The length of the horizontal drains to be installed shall be specified in the Contract Documentation.
b) Drainage pipes/borehole liners

Unless otherwise specified uPVC pipes conforming to SANS 966 Class 16 of the specified internal diameter (50, 63 or 75 mm ID, as specified)
shall be used. The wall thickness shall be equal to or greater than 3 mm. The pipes shall be radially slotted with two rows of slots, at 60
degrees either side of the centreline at 5 mm intervals. The slot length measured along the inner chord shall be 25 mm + 5 mm and the slot
width greater than 0,7 but less than 0,8 mm wide. To protect the drains from root growth section of pipe within 2 m of the ground surface shall
not be slotted unless otherwise specified in the Contract Documentation. Joins shall be sleeved and pop riveted with non-corrodible rivets in
addition to being glued with approved solvent cement. The distal end shall be fitted with an end cap, glued and riveted in place.

c) Geofabric sock

The geofabric sock shall unless otherwise specified be manufactured from Grade 2 (U714) needle punched geosynthetic fibre filter fabric
dimensioned to provide a snug fit over the slotted drainage pipe. The manufacture of the sock shall be sufficiently robust to withstand the
rigours of installation in the drilled borehole without separation or distortion and without breaks or tears. Where the socks are not factory
manufactured they shall be machine stitched using non degradable thread and inserted over the pipe with the joins on the inside.

A12.8.5.4 Vertical band / Wick drains

a) General

Vertical Band/wick drains generally comprise cylindrical formed geotextile filter ¢ socks filled with sand or a geotextile wrapped pre-
manufactured flat cuspated plastic core/ bands (typically less than 10 mm thick, 100 mm to about 300 m in width) which are installed in a
grid of vertically formed holes to provide preferred drainage paths. These drains are sometimes referred to as geosynthetic composite
drains. The type, size and shapes are selected to match soil and site conditions. The Contractor shall provide the Engineer with a sample of
all the materials for his approval prior to delivery on site clearly stating the source, manufacturer’s technical data and pertinent test results as.
The Contractor shall allow for a two-week approval time.

The geotextile filter sock shall, unless otherwise specified be manufactured from Grade 2(U24) needle punched geosynthetic, dimensioned
to fit over a plastic core where specified.

Drains are generally manufactured in long lengths and supplied in large reels and are cut to size following installation. The prefabricated unit
shall be sufficiently robust to withstand the rigours of installation without separation or distortion and without breaks or tears.

b) Sand

The sand used to fill the geofabric sock in sand drains shall be a clean, free draining river sand of siliceous origin, free of deleterious materials
and shall comply with the requirements given in Clause A3.1.5.2 b) of Chapter 3 of these specifications.

A12.8.5.5 Sand drains

Sand drains are sand columns formed in predrilled or preformed (driven) holes. The sand shall be as for Band/Wick drains above.
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A12.8.5.6 Geosynthetic / blanket drains

a) General

Blanket drains generally comprise a layer of free draining material such as free draining sands or drainage stone up to 500 mm thick
encapsulated or wrapped in a geosynthetic filter.

The Contractor shall provide the Engineer with a sample of all the materials for his approval prior to delivery on site clearly stating the source,
manufacturer’s technical date and test results as may be pertinent. The Contractor shall allow for a two-week approval time.

b) Geosynthetic.
Unless otherwise specified geosynthetic fabric used for wrapping/ encapsulating the drainage material shall be Grade 2.
c) Drainage materials

Unless otherwise specified the drainage materials shall comply with the requirements given in Clause A3.1.5.2 b) of Chapter 3 of these
specifications.

d) Geocomposite drains

Geocomposite drains Consist of drainage cores acting as a flow net which is enclosed in a geotextile.

A12.8.6 CONSTRUCTION EQUIPMENT
A12.8.6.1 Wells

Equipment for the installation of wells generally includes the following equipment:
a) Drill rig

The drill rig shall be capable of drilling the holes of the required diameter for the wells to the required depths in the indicated materials. The
rig shall further be capable of installing the temporary steel casing required for temporary support as drilling progresses.

The drill rig and equipment shall be in good working order and capable of producing the required hole to the required dimensions,
tolerances, direction and inclination and core recovery without undue disturbance of the surrounding material. Should the type of rig and/or
equipment prove inappropriate for the requirements or conditions on site, these shall be replaced by suitable equipment at the Contractor’s
cost. The drill rig/equipment shall be able to install and remove casings as may be required during drilling operations, without loss of
direction or inclination, in all materials.

b) Temporary casing

The temporary casing shall be steel and be of such diameter to provide the required thickness of filter sand between the drainage pipe and
the in situ material.

c) Pumps

Unless otherwise specified the pumps to be installed in the wells shall be of the submersible type and with an approved electronic or
mechanical water level sensor to control pump operation. Pumps shall only be installed on the written instruction of the Engineer.

The pumps shall have with flow meters installed in line located in base stations if so specified as described below to record actual total
discharge of each well point. Pumps shall be electrically powered.

The Engineer shall instruct the Contractor as to the performance details of the pumps required following the pumping tests. The Contractor
shall present his proposal to the Engineer for his approval.

d) Flow meters

Following the completion of the pumping tests the Engineer shall provide the Contractor with the performance/ calibration requirements for
the flow meter/s. The contractor shall provide the necessary equipment required for the installation of the flow meters and provide for the
electrical supply meeting statutory requirements.

A12.8.6.2 Horizontal drains

Horizontal drains are installed in predrilled holes. Unless otherwise specified in the Contract Documentation the drilling method used may be
selected by the Contractor to suit the prevailing ground conditions and may comprise percussion, rotary diamond or auger drilling.

The size of the hole shall be appropriate to the specified diameter of the slotted pipe but shall not be less than 75 mm.

A12.8.6.3 Vertical drains (Band /Wick /Sand drains)

Equipment for the installation of vertical drains generally includes

- A hollow steel mandrel, which houses the drain material,

- An excavator fitted with a leader and vibrating device to drive the mandrel into the ground,

- A sacrificial steel anchor plate to hold the installed drain securely in place.

- The installation equipment shall be fitted with a measuring device which indicates at all times the depth of the mandrel
- Suitable drilling rig/s and ancillary equipment to form holes of the required diameter for sand drains (where applicable),

A12.8.6.4 Geosynthetic / Blanket drains

Conventional construction plant and equipment is used for the construction of Geosynthetic/ blanket drains.
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A12.8.7 EXECUTION OF THE WORKS
A12.8.7.1 Wells

a) General

The Contractor shall submit detailed method statements for the construction of wells to the Engineer for his approval two weeks before
the programmed commencement thereof. These shall describe aspects such as construction methodology, programming and other salient
information.

The provisional positions of the wells shall be indicated on the plans and/or drawings. Access to these positions shall be agreed with the
Engineer on site and the Contractor shall, in executing the works, ensure that damage to the environment is limited. As works proceed the
Engineer may change the positions of the well points and increase or reduce the number of wells to be installed.

The purpose of the well shall be indicated in the Contract Documentation. Wells may be required for a fixed period such as during construction
or may be long term where ongoing phreatic level control is required for stability reasons (e.g. springs upstream of structures). Long term
installations will require a permanent source of electrical power to drive the pumps. Connection to the nearest local electricity network will be
required. Where so specified the Contractor shall obtain the necessary approvals for connection to such and have this work conducted by a
competent firm, to the local authority’s approval. Hole diameters, casing diameters and drainage pipe/ liner diameters shall be approved by
the Engineer and shall provide the required cover of filter sand around the slotted pipe/liner.

b) Trials

Where so specified the Contractor shall install a trial well/s to demonstrate the suitability of the drilling method employed and his ability to
install the slotted drainage pipe/lining and surrounding the sand filter. No production work may continue until the Engineer’s approval of the
installed trial well is obtained. Payment will only be made for successful installations where all the requirements have been met.

c) Process

Following completion of the trial/s the Engineer shall give instructions as to the well depths, hole diameters, drainpipe diameters and other
site-specific parameters, retaining the right to change these should conditions vary across the construction area.

The Contractor shall ensure that his drill rig is set up plumb at the indicated position of the well.
Only bio-degradable drilling aids approved by the Engineer may be used. Bentonite in particular may not be used.

Temporary steel casing shall be inserted as drilling progresses to provide support. The prepared slotted drainage pipe shall be inserted central
to and to the bottom of the hole. The pipe shall extend at least 500mm above the ground surface. Filter sand shall be poured to fill the annulus
between the temporary casing and the drainage pipe. After initial filling, water shall be added through the drainage pipe and sand levels topped
up. Care shall be taken to ensure that the drainage pipe remains in place, central to the casing/hole. When the sand filling has reached the
surface the temporary steel casing shall be carefully extracted ensuring that the drainage pipe remains in place. The filter sand level shall
continuously be topped up during the extraction process.

Where so specified an impermeable plug shall be installed from the specified level to the surface to seal off the drainage pipe from the
surrounding in situ ground. The hole shall then be flushed to remove any debris that may clog the pump sieve or cause blockages. Care shall
be taken to ensure that such flushing does not adversely influence the performance of the well point in any way.

The drill rig and equipment shall be in good working order and capable of producing the required hole to the required dimensions,
tolerances, direction and inclination and core recovery without undue disturbance of the surrounding material. Should the type of rig and/or
equipment prove inappropriate for the requirements or conditions on site, these shall be replaced by suitable equipment at the Contractor’s
cost. The drill rig/equipment shall be able to install and remove casings as may be required during drilling operations, without loss of
direction or inclination, in all materials.

After a settling in period of 24 hours, pumping tests, as specified in the Contract Documentation shall be carried out. The results of these tests
shall provide the basis for decisions regarding the further treatment of the well.

The well shall either have a submersible pump installed and be connected to a base station as specified or shall be provided with a lockable
standpipe set in a 500 mm x 500 mm concrete block of 200 mm thickness, protruding 100 mm above the final ground surface and marked as
specified in the Contract Documentation.

Where a base station is indicated/ specified it shall be constructed as per the typical drawings provided, sized to meet the requirements
determined on site. The location of any base station/s shall be confirmed by Engineer on site. The provision of power to the base station for
the installed pumps shall be as indicated for in the Contract Documentation.

d) Monitoring and records

The Contractor shall submit daily returns indicating activities completed on each working day. The Contractor shall also, for each completed
hole/ well provide a record, in a format agreed with the Engineer, indicating/including

- Paosition of hole/well

- Date/s of drilling

- Depth of well

- Length of temporary casing used

- Length of drainage pipe installed

- Number of bags of filter sand installed
- Detail of top treatment

- Pump test results

- Pump details (where installed)

- Paosition of pump and associated plumbing installed to connect with base station
- Date completed

- Date tested

- Date of service entry.

- Updated layout plan of area
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A12.8.7.2 Horizontal drains

a) General

The Contractor shall submit detailed method statements for the construction of horizontal drains to the Engineer for his approval two
weeks before the programmed commencement thereof. These shall describe aspects such as construction methodology, programming
and other salient information.

The positions of the horizontal drains shall be indicated on the drawings. Access to the positions shall be agreed with the Engineer on site
and the Contractor shall, in executing the works, ensure that damage to the environment is limited. Where platforms need to be constructed
for the drill rigs the Contractor shall take the necessary steps to ensure their stability as failure may shear installed drains. The design of the
outlet/ collector system should not be compromised by these activities.

Holes for horizontal drains shall be inclined 5° (degrees) above the horizontal. The maximum deviation for any hole from the specified slope
shall be 3 % of the actual length drilled with the proviso that the minimum slope at any point in the drain shall be 1% towards the hole collar
to ensure free drainage. All holes shall be checked for compliance. Any hole not meeting these criteria or which does not reach the specified
depth may be rejected by the Engineer who may order that it be replaced by a correctly installed and aligned hole.

Where so specified, drains shall be installed in clusters that fan outward to provide the specified drain spacings in zones producing water
(typically equal to or less than 8 m).

b) Trials

Prior to the installation of working drains the Contractor shall install, under the supervision of the Engineer, trial horizontal drains at locations
indicated by the Engineer to demonstrate that the equipment, methods and materials utilised produce a successful installation in accordance
with the specifications. The number of trials shall be indicated in the Contract Documentation. Payment will be made for successful trial
installations.

c) Process

A temporary collector system shall be put in place before drilling is commenced to accommodate anticipated flow to limit erosion and site
degradation.

Only approved drilling fluids that are bio- degradable and will not affect the drainage characteristics of the in-situ materials nor block the
geosynthetic filter sock may be used.

The Contractor shall take note that drilling will be through partially to saturated materials and that temporary casing shall be installed. Care
shall be taken so that no flow or loss of in situ materials beyond the diameter of the drilled hole takes place during drilling. The Contractor shall
accurately monitor the volume of the drill cuttings to the satisfaction of the Engineer to confirm that no excess material is removed during the
drilling processes. Should material loss be evident, the works shall be stopped until the situation is remedied. The Engineer’s approval shall
be obtained before commencing with the works.

Representative samples (chips, washings, etc) shall be retained for each metre drilled and stored in appropriately marked plastic bags. No
extra payment will be made therefore and the cost thereof shall be deemed to be included in the drilling rate. Payment will be made for core
boxes to store samples and cores.

The Contractor shall give the Engineer reasonable notice of when he anticipates reaching the required depth in any hole to allow an inspection
of the works before installation of the drain is carried out. Drill rigs may not be dismantled and moved from the hole until inclination surveys
have been done and the Engineer’s written approval for the continuance of the works has been obtained. The Engineer may order the re-
establishment and setting up of any rig moved without his authority; all to the Contractor’s cost.

Should the drilling equipment become lodged in a borehole not allowing further drilling the Contractor shall immediately notify the Engineer
thereof who may rule that a replacement hole be drilled at the Contractor’s cost. The hole shall be flushed on completion to remove any debris
that. Flushing shall continue until the return water is clear.

The drill rig and equipment shall be in good working order and capable of producing the required hole to the required dimensions,
tolerances, direction and inclination and core recovery without undue disturbance of the surrounding material. Should the type of rig and/or
equipment prove inappropriate for the requirements or conditions on site, these shall be replaced by suitable equipment at the Contractor’s
cost. The drill rig/lequipment shall be able to install and remove casings as may be required during drilling operations, without loss of
direction or inclination, in all materials.

The assembled drain pipe shall be carefully inserted to the full depth of the hole with the slots aligned on the top. The pipe shall not at any
stage be rotated. Once in place the casing shall be removed without any rotation or outward movement of the drain pipe.

On completion of the installation/s the drain outlet shall be constructed as specified in the Contract Documentation.
d) Monitoring and records

The Contractor shall submit daily returns indicating activities completed on each working day. The Contractor shall also, for each completed
hole/ well provide a record, in a format agreed with the Engineer, indicating/including

- Position of horizontal drain

- Date/s of drilling

- Length and inclination of installed drain,

- Length of temporary casing used

- Length of drainage pipe installed

- Detail of drain outlet (single/multiple unit headwall)

- Date completed

- Updated layout plan showing the position of all installed drains.

A12.8.7.3 Sand drains

The Contractor shall submit detailed method statements for the construction of sand drains to the Engineer for his approval two weeks
before the programmed commencement thereof. These shall describe aspects such as construction methodology, programming and other
salient information.
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The procedure for the installation of sands drains shall be as for band/ wick drains but drilling may be required for the formation of the
holes and casing may be required to provide temporary support until the holes have been filled with the specified sand. The casings are
withdrawn as the sand is placed avoiding arching and/or necking. The sand columns are typically 150 mm to 250 mm in diameter.

A12.8.7.4 Vertical band / Wick drains

a) General

The Contractor shall submit detailed method statements for the construction of vertical drains to the Engineer for his approval two weeks
before the programmed commencement thereof. These shall describe aspects such as construction methodology, programming and other
salient information. Approval of the Engineer of the installation sequence and methods shall not relieve the Contractor of his responsibility
to install the drains in accordance with the specifications.

Works may only commence once the Engineer has approved all pre- installation works required of the Contractor in terms of the Contract
Documentation.

Prefabricated band/wick drains shall be installed into compressible saturated silts and clays utilising a mandrel by static or vibratory methods
to the specified depths and grid spacing.

The Contractor shall be required to set out the positions of the drains using provided baseline and benchmark/s and shall be responsible
for the protection thereof. All positions shall be numbered /marked as specified. Damaged or lost markers shall be replaced at the
Contractor’s cost.

The Contractor shall, unless otherwise indicated in the Contract Documentation, be responsible for penetrating any overlying fill materials
to install the drains. The Contractor may use augering or other approved methods to achieve this but such shall not penetrate more than
500 mm into the underlying compressible material.

b) Trials

Prior to the installation of working drains the Contractor shall install, under the supervision of the Engineer, trial vertical drains at locations
indicated by the Engineer to demonstrate that the equipment, methods and materials utilised produce a successful installation in accordance
with the specifications. The number of trials shall be indicated in the Contract Documentation. Payment will be made for successful trial
installations.

c) Process

Drains shall be installed from the approved working surface to the depths required. The length (or depth to which the drains shall be installed)
as well as the grid pattern required for the drains shall be as specified in the Contract Documentation. Typical spacing may be 1,5 -2,0 m
centres with depths as great as 50 m.

Equipment for the installation shall be set up within 300 mm of the required position and plumbed prior to installing the drains.

Vertical band/wick drains are installed by a purpose specific rig using a hollow steel mandrel that is advanced through the compressible /
soils to be drained using constant load or constant rate of advancement. The mandrel protects the drain material from damage during
advancement or retraction of the mandrel.

The reel of wick/band drain drainage material is placed on a spool and the band is fed in at the top of the hollow mandrel until it emerges
at the bottom. The wick/drain material is looped through a sacrificial steel anchor which holds the installed drain securely in place.

The mandrel is then vibrated and driven to the required depth whilst the band drain unwinds off the spool and follows.

When the required depth or refusal is reached, the mandrel is removed, leaving the anchored vertical drain securely in place. For sand filed
drains, the drainage sock is filled with the approved free draining river sand before the mandrel is withdrawn.

No raising of the mandrel during the advancement shall be allowed until the required depth is reached. Drains that are damaged or improperly
installed shall be rejected and abandoned in place.

Drains may be terminated if refusal is encountered at a depth less than the specified depth. This shall immediately be brought to the Engineer’s
attention. Refusal shall be defined as installation into non compressible materials underlying the compressible horizon to be
consolidated/drained.

Where obstructions are encountered below the working surface during pre-drilling/augering, the Contractor shall complete the drain to the
attained elevation and notify the Engineer before attempting to install further drains. Under the supervision of the Engineer an attempt shall
be made to install the drain within 700 mm of the original position. If the drain cannot be installed to the specified depth, the position shall be
abandoned and the equipment moved to the next position or other action taken as directed by the Engineer. Payment will be made for such
works unless the drain was improperly installed.

On completion of the installed drain the material shall be cut 500 mm above the working surface, where applicable, and be laid flat onto the
working surface and protected from damage by, inter alia, moving equipment until the specified further processes are completed. The Contract
Documentation may require linking of drains to a horizontal drainage system/medium or drainage blanket.

The Contractor shall record the final installation depth of each drain.
d) Monitoring and records

The Contractor shall provide the Engineer with a daily report stating which of the scheduled vertical drains were installed that day, their
positions and depths along with any pertinent observations that were made during installation of the drains and post construction performance.

The Contractor shall submit daily returns indicating activities completed on each working day. The Contractor shall also, for each completed
vertical drain provide a record, in a format agreed with the Engineer, indicating/including

- Position of vertical drain

- Date/s of drilling/installation

- Length of installed drain,

- Date completed

- Updated layout plan showing the position of all installed drains.

12-160



A12.8.7.5 Geosynthetic /blanket drains
a) General

The Contractor shall submit detailed method statements for the construction of vertical drains to the Engineer for his approval two

weeks before the programmed commencement thereof. These shall describe aspects such as construction methodology, programming
and other salient information.

The position/s of the drains shall be indicated on the drawings. Widths thicknesses and drainage materials to be used shall be as specified
in the Contract Documentation. Payment for the construction of the drains blankets shall be made under Chapter : Drainage.

A12.8.8 WORKMANSHIP

For horizontal drains the maximum allowable deviation for any hole from the specified slope shall be 3 % of the actual length drilled with the
proviso that the minimum slope at any point in the drain shall be 1 % towards the outer end of the casing to ensure free draining is maintained.

All well points and drainage holes shall be checked for compliance with the specified positioning, hole inclinations and depths and any further
requirements that may be specified in the Contract Documentation.. Any hole not meeting the specified is criteria or which does not reach the
specified depth may be rejected by the Engineer who may order that it be replaced by a correctly installed and aligned hole.
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B12.8 GROUND DRAINAGE

PART B: LABOUR ENHANCEMENT

CONTENTS

B12.8.1
B12.8.2
B12.8.3
B12.8.4
B12.8.5
B12.8.6
B12.8.7
B12.8.8

B12.8.1

SCOPE

DEFINITIONS

GENERAL

DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS
MATERIALS

CONSTRUCTION EQUIPMENT

EXECUTION OF THE WORKS

WORKMANSHIP

SCOPE

The provisions of Part A shall apply.

B12.8.2

DEFINITIONS

The provisions of Part A shall apply.

B12.8.3

GENERAL

The provisions of Part A shall apply.

B12.8.4

DESIGN BY CONTRACTOR/PERFORMANCE BASED SYSTEMS

The provisions of Part A shall apply.

B12.8.5

MATERIALS

The provisions of Part A shall apply.

B12.8.6

CONSTRUCTION EQUIPMENT

The provisions of Part A shall apply.

B12.8.7

EXECUTION OF THE WORKS

The provisions of Part A shall apply.

B12.8.8

WORKMANSHIP

The provisions of Part A shall apply.
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C12.8 GROUND DRAINAGE

PART C: MEASUREMENT AND PAYMENT

(i) Preamble

The tendered rate for each pay item shall include full compensation for providing, operating, maintaining and decommissioning upon
completion, of all the construction equipment, labour, tools, incidentals and supervision to carry out the activity or construct the works in
the pay item as specified, unless otherwise stated.

Any prime cost or provisional sums shall be paid in accordance with the provisions of the conditions of contract. The charge or mark-up
tendered or allowed for is a percentage of the amount actually paid under the prime cost or provisional sum. This percentage shall
cover all the Contractor’'s handling, supervision, profit and liability costs to provide the services in the prime cost or provisional sum item.

The requirements of Clauses C1.1.1, C1.1.2 and C1.1.3 of Chapter 1 shall apply.

Where pay item descriptions include any wording in brackets it is an indication that contract specific information is to be inserted in the
Pricing Schedule included in the Contract Documentation.

(ii) Notes on measurement and pay ltems

1. Unless otherwise ordered or stated in the Contract Documentation, trench depths will be measured from the surface of the ground along
the centre-line of the trench to the bottom of the specified bedding layer (as applicable). Where no bedding is required it shall be
measured to the underside of the duct or pipe.

2. The ground surface will be that existing after any bulk earthworks have been carried out, i.e. the excavated surface or embankment
surface, unless a different sequence of execution has been ordered.

3.  Excavations will be measured as if taken out with vertical sides, regardless of whether they have been taken out with sloping sides.

4. The length used for trench computations will be the total through-length of a pipe or duct etc. from end to end and no deduction will be
made for manholes or access chambers etc.

5.  Wherever volumetric measurement is required, the volume will be computed from the depth determined as indicated in 1. and 2. above
and using the authorised width (W) determined in accordance with the specification.

6. Where shoring is specified or ordered, the length of shoring measured for payment will be the length of the centre-line of the trench.

(iii) Items that will not be measured separately

The following activities, whether required to complete the specified work or not, will not be measured and paid for separately and the
Contractor shall include the cost thereof in other pay items as the Contractor deems appropriate:

1. No separate payment will be made for backfiling excess excavations, disposing of surplus material etc. or any other contingent work,
unless the work is specifically specified or ordered.

2. No separate payment will be made for setting out the works.

3. No separate payment will be made for the protection or repair as required of any existing or new road furniture, structures, buildings,
infrastructure or services damaged by the Contractor’s activities and for complying with all the requirements of Clause A2.1.3.4.

4. No additional payment shall be made, nor shall any claim for additional payment be considered, for any specified work in confined or
restricted areas. Any additional costs associated with working in confined or restricted areas shall be deemed to be included in the
standard applicable pay items.

5. No separate payment will be made for the loading of any materials.

6. No separate payment will be made for the hauling of any materials where the material is moved over a distance of less than, and up to,
1,0 km.

7. No separate payment will be made for transporting materials from commercial sources irrespective of the haul distance.

8. No separate payment will be made for the removal of any surplus material imported to complete the works.

(iv) Items to be measured and paid for using items specified elsewhere in the specifications

None

(v) Items specifically for this section of the specification

Item Description Unit
Cc12.8.1 Establishment on site for
C12.8.1.1  Well point construction lump sum
C12.8.1.2 Horizontal drains lump sum
C12.8.1.3 Vertical drains (all types) lump sum
C12.8.1.4 Geosynthetic/Blanket drains lump sum

The tendered lump sum for ground drainage systems shall include full compensation for providing access and establishing all necessary plant
and equipment on site to carry out the works and for the removal from site of all such plant and equipment including all temporary works such
as access roads, staging, platforms and such like on completion of the works.

The work shall be paid as a lump sum, 50 % of which shall be due when all equipment is on site, trials (if any) are completed and the first
production well point is installed as specified. The second instalment of 25 % shall be payable after half the number of well points or drains
are installed and the final 25 % instalment after all well points or drains are installed, accepted, in service and all equipment removed from
site.
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The tendered lump sum shall include full compensation for all post-construction requirements as specified.

No extra payment shall be made for establishment of additional plant should the established plant not be capable of achieving desired
objectives.

Item Description Unit

C12.8.2 Provision of access to drain positions (type indicated) lump sum

The unit of measurement shall be the provision of access to the drain positions as specified in the Contract Documentation.

The tendered rate shall include for all labour, plant and equipment required to provide access to the drain positions as specified.
Item Description Unit

C12.8.3 Moving to, and setting up the equipment for drilling the holes at each well /horizontal/ number (No)
sand drain position (type indicated)

The unit of measurement shall be the number of positions to which the drilling equipment has to be moved and set up in position to drill a
drainage hole. The quantity measured shall be the number of set ups at drain and/or trial drain positions or at positions where the Engineer
has ordered re-drilling of the holes.

The tendered rate shall include full compensation for all costs involved in moving and setting up any equipment.
Item Description Unit

C12.8.4 Moving to, and setting up the equipment for installing vertical drains at each drain number (No)
position (size and type of drain indicated)

The unit of measurement shall be the number of positions to which the installation rig, mandrel and other equipment required to install the
specified vertical drains is moved and set to install a vertical drainage hole. The quantity measured shall be the number of set ups at drain
positions as well as at trial drain positions or at positions where the Engineer has ordered re-installation of the drains.

The tendered rate shall include full compensation for all costs involved in moving and setting up any equipment.

Item Description Unit

C12.8.5 Drill holes for wells (diameter indicated) to the required depth metre (m)

The unit of measurement shall be the metre of hole drilled to the depth required.
The tendered rate for the drilling of holes for wells shall include full compensation for drilling as well as supplying, installing and extracting
temporary casing as well as for disposing of surplus material resulting from hole formation. Payment will only be made for holes where
successful installations have been accomplished.

Item Description Unit

C12.8.6 Drill holes for horizontal drains (inclination and diameter indicated) to the required depth metre (m)
The unit of measurement shall be the metre of hole drilled to the depth and inclination required.

The tendered rate for the drilling of holes shall include full compensation for supplying, installing and extracting the driven temporary casing
as well as for disposing of surplus material resulting from the hole having been formed. Payment will only be made for holes where successful
installations have been accomplished.

Item Description Unit

C12.8.7 Drill holes for vertical sand drains (diameter indicated) to the required depth metre (m)

The unit of measurement shall be the metre of hole drilled to the depth and inclination required.

The tendered rate for the drilling of holes shall include full compensation for supplying, installing and extracting the driven temporary casing
as well as for disposing of surplus material resulting from the hole having been formed.

Item Description Unit

C12.8.8 Pre- drilling of holes for vertical drains (diameter indicated) to the required depth metre (m)

The unit of measurement shall be the metre of hole drilled to the depth required.

The tendered rate for the pre-drilling of holes for vertical drains shall include full compensation for boring, supplying, installing and extracting
the temporary casing as well as for disposing of surplus material resulting from the hole formation. Payment will only be made for holes where
successful installations have been accomplished.

Item Description Unit

C12.8.9 Installation of slotted drainage pipes for wells (size indicated) metre (m)

The unit of measurement shall be the metre of slotted drainage pipes for well points installed as specified.

The tendered rate for installing slotted drainage pipes for wells shall include full compensation for the supply and installation of the pipes as
specified (size to be indicated) and for the placing of the filter sand between the pipes and the hole wall as specified including all labour
and overhead costs. Payment will only be made for successful installations where all the requirements have been met.
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Item Description Unit

C12.8.10 Installation of slotted drainage pipes for horizontal drains (size indicated). metre (m)

The unit of measurement shall be the metre of slotted drainage pipes for horizontal drains installed as specified.

The tendered rate for installing slotted drainage pipes for horizontal drains shall include full compensation for the supply and installation of
the pipes as specified complete with synthetic filter fibre geosynthetic sock as specified including all labour and overhead costs. Payment
will only be made for successful installations where all the requirements have been met.

Item Description Unit

C12.8.11 Installation of vertical drains (type/ size indicated) metre (m)

The unit of measurement shall be the metre of vertical drain installed as specified.

The tendered rate for installing vertical drains shall include full compensation for the supply and installation of the vertical drains as specified
utilising appropriate installation equipment, mandrels, etc including all labour, plant, equipment and overhead costs.

The tendered rate shall also include the costs of centering and filling the synthetic filter fibre geofabric socks with approved free draining
sand during installation where sand filled drains are specified. Payment will only be made for successful installations where all the
requirements have been met.

Item Description Unit

C12.8.12 Filter sand for wells (type/ size indicated) kilogram (kg)

The unit of measurement shall be the mass of approved filter sand utilised in the construction of the wells.

The tendered rate shall for the filter sand shall include full compensation for the supply of the specified filter sand on site. Payment will only
be made for the theoretical amount of sand utilised in filling the annulus between the drainage pipe and the surrounding soil which shall be
taken as the outside diameter of the temporary casing).

Item Description Unit

C12.8.13 River sand for vertical drains (source indicated) cubic metre (m3)

The unit of measurement shall be the volume of approved river sand utilised in the construction of the vertical drains.

The tendered rate for river sand shall include full compensation for the supply of the specified river sand on site from identified sources.
Payment shall only be made for the theoretical amount of sand utilised in filling the annulus between the drainage pipe and the surrounding
soil which shall be taken as the outside diameter of the temporary casing.

Item Description Unit

C12.8.14 Provision and installation of submersible borehole pumps in designated wells provisional sum

Pumping tests on installed wells as well as the number of wells where the yield warrants pump installation will determine the size/capacity of
the submersible borehole pumps to be installed.

Item Description Unit
C12.8.15 Construction of Base station for wells provisional sum
The provisional sum is for the construction of a base station as per the typical drawing, sized to accommodate flow metres for each installed

borehole pump and as a distribution point for the electrical supply to each installed borehole pump. The costs of linking the pumps to the
base station shall also be covered by this provisional sum.
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D12.8 GROUND DRAINAGE
PART D: GUARANTEES AND COMPLIANCE CERTIFICATES

The Contractor shall provide detailed specifications and certificates from independent reputable agencies for all proprietary casing/sleeves
and materials proposed for use. These shall demonstrate conformance with the performance requirements stipulated in the Contract
Documentation.

CONTENTS

D12.8.1 SCOPE

D12.8.2 GENERAL

D12.8.3 PERFORMANCE GUARANTEE REQUIREMENTS
D12.8.4 FUNCTIONAL PERFORMANCE ASSESSMENTS
D12.8.5 VISUALLY ASSESSED PROPERTIES

D12.8.6 INSTRUMENTALLY ASSESSED PROPERTIES
D12.8.7 EVALUATION FOR ACCEPTANCE

D12.8.8 ADDITIONAL PROCEDURES TO BE ADOPTED IN THE EVENT OF FAILURE
D12.8.9 NOTIFICATION OF REMEDIAL WORK

D12.8.10 REMEDIAL WORKS

Where applicable, details must be provided in the Contract Documentation.

D12.8.1 SCOPE
The scope of this section covers the following:
Guarantees and compliance certificates

Product conformance specifications

D12.8.2 GENERAL

The Contractor shall provide detailed specifications, test data, performance data and compliance certificates from independent reputable
agencies for all proprietary systems, processes and materials proposed for use. These shall demonstrate conformance with the
performance requirements specified in the Contract Documentation.

D12.8.3 PERFORMANCE GUARANTEE REQUIREMENTS

The Contractor shall, within 28 days of entering into the contract with the Employer, submit to the Engineer conformance documentation
related to the specifications.

Conformance documentation shall be provided for the following:

Materials and Materials Design as per Clause A12.8.3
Materials as per Clause A12.8.5

Construction Equipment as per Clause A12.8.6
Execution of the Works as per Clause A12.8.7

D12.8.4 FUNCTIONAL PERFORMANCE ASSESSMENTS
No specific items in this Section.

D12.8.5 VISUALLY ASSESSED PROPERTIES

No specific items in this Section.

12.8.6 INSTRUMENTALLY ASSESSED PROPERTIES
No specific items in this Section.

D12.4.7 EVALUATION FOR ACCEPTANCE

No specific items in this Section.

D12.8.8 ADDITIONAL PROCEDURES TO BE ADOPTED IN THE EVENT OF FAILURE
No specific items in this Section.

D12.8.9 NOTIFICATION OF REMEDIAL WORK

No specific items in this Section.

D12.8.10REMEDIAL WORKS

No specific items in this Section.
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A12.9 SLOPE PROTECTION MEASURES

CONTENTS

PART A: SPECIFICATIONS

A12.9.1 SCOPE

A12.9.2 DEFINITIONS

A12.9.3 GENERAL

A12.9.4 DESIGN BY CONTRACTOR/PERFORMANCE BASED SYSTEMS
A129.5 MATERIALS

A12.9.6 CONSTRUCTION EQUIPMENT

A12.9.7 EXECUTION OF THE WORKS

A12.9.8 WORKMANSHIP

PART B: LABOUR ENHANCEMENT
PART C: MEASUREMENT AND PAYMENT
PART D: GUARANTEES AND COMPLIANCE CERTIFICATES

PART A: SPECIFICATIONS
A12.91 SCOPE

This Section covers all aspects of the slope protection work and associated operations for the supply, installation and construction of
specialised measures to mitigate geohazards such as rockfalls, shallow landslides and debris flows. The nature of the geohazards and areas
requiring mitigation shall be as specified and identified by the Engineer on the construction drawings or where instructed by the Engineer in
writing during construction of the works. This often entails the use of special proprietary developed products, techniques, measures and
procedures. Include in these works is the removal of old debris as well as recent debris resulting from rockfalls and/or slips or slides.

Proprietary researched and developed mitigation products are typically proven by way of prototype testing by the manufacturer, and certified
by independent reputable agencies, as being able to perform to the specifications and performance parameters claimed. As a result, and
where appropriate, the Engineer will prepare a design layout(s) of the required installation(s), indicating their location, extent and capacity of
the mitigation measures/products, as well as the associated performance specification required.

Mitigation installations may also be by way of, or by incorporating geotechnical measures and processes specified elsewhere in these
specifications, namely:

- Shotcrete revetments to stabilise and contain loose surficial rock on slopes and cuttings, reinforced either with steel mesh or fibres,
typically anchored back with rock bolts or dowels, may be used to mitigate rockfalls.

- Rock bolts and dowels are used extensively to mitigate rockfalls by anchoring back discrete loose blocks. Rock bolts and dowels are
furthermore typically used in installations of proprietary developed mitigation systems such as rockfall netting revetments, catch fences,
shallow landslide fences and debris flow barriers.

- Gabions, either as walls or revetments and mechanically stabilised earth structures, may be used to mitigate rockfalls and shallow
landslides.

Where the foregoing geotechnical methods are specified as elements for the construction of the mitigation installations described hereunder
the specifications, measurement and payments Clauses for the relevant said geotechnical methods as described in Sections A12.2 (Ground
Anchors), A12.5 (Shotcrete), A12.6 (Mechanically Stabilised Fills) and A12.7 (Trenchless Methods) respectively, shall apply. In the event of
a conflict between the requirements of Section A12.9 and the specifications of the relevant aforementioned geotechnical methods referred to
above, the requirements of this chapter shall take precedence.

A12.9.2 DEFINITIONS

The following definitions, terms, works or expressions shall be defined as assigned hereunder. It is to be noted that these are not
exhaustive and merely represent a selected few used in the field of mitigation measures specified. Accordingly, these do not in any way
limit the scope of the mitigation required or the required outcomes and objectives set out in these specifications.

Rockfall - occurs when a limited discrete number of rock blocks or wedges become detached at height and either free fall, bounce and/or
translate over ground with some speed and momentum.

Active Rockfall Mitigation Measures - are those where the rockfall hazard is either removed by excavation and disposal or stabilised to
prevent falls of ground. These would typically consist of either one or a combination of; barring down of loose rock; anchoring of individual
loose blocks or kinematically unstable wedges of rock; stabilisation of a relatively thin unstable surficial layer of rock by way of anchored
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rockfall netting or a shotcrete revetment. The provision of revetments and claddings to slope surfaces such as gabion or precast concrete
block walls, either as gravity structures or anchored back, also constitute active measures against rockfall.

Passive Rockfall Mitigation Measures - are those in which the rockfalls are intercepted, controlled and brought to rest within pre-
determined limits. These would include rockfall barriers such as catch- fences and earth embankments, usually as mechanically stabilised
earth embankments, drape mesh and drop zones and ditches.

Rock Barring or Scaling - shall mean dislodging and removing potentially unstable or loose rock by prizing them off rock surfaces using
pinch bars or other manual means where they are considered by the Engineer to be unstable and a potential hazard. Rock barring is
typically undertaken using rope access or from crane suspended or elevated platforms

Shallow Landslide - occurs when a relatively small volume of unstable ground slips and translates downhill with some speed.

Debris Flow - is a fluidised mass of mud, soil and blocks of rock, often with ripped up vegetation, which originates when potentially
unstable thin talus slopes or accumulated riverine deposits become super saturated and start flowing. Debris flows can attain high
velocities and tend to become raging torrents of short duration.

Slope Cleaning - shall mean the removal of smaller pieces of loose rock and accumulated debris on rock surfaces and ledges that cannot
be efficiently or effectively removed by barring down. Cleaning is typically achieved by means of high-pressure air-jetting equipment,
together with a high-pressure water jet, if required.

Protective Measures - are the precautions which the Contractor must take to avoid any danger to the public or the workforce or damage
to the road surface, road furniture and infrastructure of the work area at each cutting/slope as a result of the impact of falling barred down
rock or any other reason related to the Contractor’s construction activities.

Design Layout of an Installation - is typically a generic schematic dimensioned representation showing the location and required
configuration of the main components of the said installation(s). These shall include sections through and along the line of each installation
as might be required. Given the allowable tolerances for the relative placement of components, and the strict requirements of the
geometrical layout that needs to be adhered to, the initial design layout as illustrated on the design drawings may need to be adjusted
and installations sometimes moved and rearranged to meet the actual topographical and other constraints of the site.

Wire Rope Anchor - is similar in its functionality to a passive rock dowel, but with the added advantage that the head of the anchor can
flex. Itis used extensively in the anchoring requirements of mitigation installations. A wire rope anchor simply consists of given length of
wire rope cable that is folded double and clipped together. The loop formed at the proximal end serves as the anchor head and is provided
with a steel thimble to prevent the rope from kinking and maintaining the required minimum radius when pulled. The wire rope anchor is
inserted in a predrilled hole and installed with only the loop protruding, which serves as the anchor head, where after it is grouted over the
full embedded length.

Gap Filling - is typically required along the base of catch fences and shallow landslide fences due to the unevenness/undulation of the
ground surface between adjacent posts. Gap filling requires that infill segments of the rockfall netting of the fences are required to be
placed between the bottom cable and the ground surface to close off the gap. This requires that a separate cable be laid between the
posts and pinned and anchored back to follow the contour of the ground as far as possible.

Weave of Rockfall Netting - is the pattern whereby the steel wire has been plaited to create a continuous uniform netting. These are
open patterns and are woven with variable apertures, measured, described and specified by their geometric shape, area in mm? and
minimum and maximum dimension in mm.

A12.9.3 GENERAL

A12.9.3.1 Objectives and requirements

Only specialised mitigation products, produced by reputable specialist manufacturers, with a proven and acceptable track record in the
field of design, manufacture and supply of these products, will be eligible for consideration as service providers for slope protection
measures. Prototypes of these products shall have been tested and certified by independent reputable agencies in accordance with the
specified standard, as being able to perform to the specifications and performance parameters claimed.

The installation of rockfall mitigation shall only be undertaken by suitably experienced and equipped specialist geotechnical Contractors
with a proven track record of having successfully undertaken anchoring of slopes and cuttings which shall include slope protection
measures.

The works shall be managed and controlled on an on-going daily basis by a works manager with a proven track record. In the event that
the Contractor does not have the necessary experience he shall sub-contract this work to a suitably qualified, experienced and
appropriately equipped sub-Contractor with the required proven track record as specified above. The appointment of a suitable sub-
Contractor shall be subject to the approval of the Engineer.

A12.9.3.2 Method Statements

Where so indicated by the Engineer the Contractor shall prepare detailed method statements for the slope protection measures describing
key aspects such as construction methodology, key plant, materials, personnel as well as any programme constraints of the envisaged
construction process.

These method statements shall be prepared and submitted to the Engineer for approval prior to commencement of that activity, within time
scales specified. The onus lies with the Contractor to ensure that the information is obtained and that associated activities are completed
expeditiously to avoid any delays in the commencement, continuation and completion of the required works. Unless otherwise specified
or provided for in the Contract Documentation no permanent works shall be commenced until the Engineer’s approval of the relevant
method statement. The Contractor shall, however, remain responsible for all work-methods, materials, plant and equipment used,
notwithstanding acceptance by the Engineer

The Contractor shall be required to construct trials and the testing thereof as specified herein and shall make due allowance
therefore in his programme. Allowance shall also be made for allow for the Engineer’'s assessment of constructed works,
procedures followed, and materials and plant utilised and test data. Production work shall not be permitted until it is shown and

12-168



accepted by the Engineer that the Contractor possesses the necessary experience, plant and equipment to carry out the works as
specified in the Contract Documentation.

It shall be noted that there are construction activities which require the Engineer’s superintendence. Such activity may not proceed or
continue without the Engineer’s superintendence — see Table A12.9.3-1. The Contractor shall furthermore give the Engineer at least 24hrs
written prior notification of such activity.

It should be noted that work shall only be performed by personnel listed by the Contractor. If personnel changes need to be made

during the project, works shall be suspended until replacement personnel are approved by the Engineer. Time lost due to

incomplete submissions, unacceptable submissions, or obtaining approval of replacement personnel will not be considered as

cause for extension of time or delay claims. All costs associated with incomplete, replacement, or unacceptable submissions shall

be to the Contractor’s cost.

Once approved in writing by the Engineer, these shall become the method statements in accordance whereby the relevant portion of the
works shall henceforth be executed. Notwithstanding, the Engineer may require revision from time to time if circumstances during
construction arise which warrants change.

A12.9.3.3 Materials and materials design

All materials used in the works described hereunder shall meet the appropriate standards given below and/or specified in the Contract
Documentation and shall be subject to the approval of the Engineer. The contractor shall submit product certificates, conformance
documentation (as per Part D) related to the specifications, test results as required together with samples of materials and where applicable,
materials designs that he proposes to use in the construction of the works to the Engineer for his acceptance/approval as provided for in
the contract documentation.

Due allowance shall be made for obtaining materials, resubmissions and re-designs, all to the required/approved standards,

methods and practices in attending to these requirements. Particular attention shall be paid to the early submission of materials-,
concrete- and grout mix designs where parameters at various ages may be specified. No consideration for extension of the

contract period will be entertained for delays incurred in meeting these requirements.

The Contractor’s attention is drawn to the approvals required as indicated in Table A12.9.3-1 below regarding works carried out under
this section of the works:

Table A12.9.3-1: Approvals/notifications required

Clause(s) Engineer’s approval of: Notice Period
Method statements

A12.9.71 Method statements for installation of various components gegﬁ)enks prior to start of works on any

A129.7.1 | Amended Method Statement Q! Prior to start of works on any

A12.9.7.1 On site .f"?‘C"'.“eS for receving, stormg, % Wy e Prior to delivery, Verification on delivery
and verification of specialised materials and anchors
Materials

A12.9.71 Inspection, verification and approval of specialised materials 1 week before programmed installation
Process

A12.9.71 Traffic accommodation in place, works cordoned off 24hrs prior to inspections, setting out of the

works and/or testing

A12.935 Proforma on the detail, format and frequency of the records that 2 weeks prior to commencement of works
the Contractor shall submit to the Engineer.

A2 Barring down, making safe of work areas 1 day before initial setting out

A12.9.7.2 Initial setting out of the works, approval of adjustments .TWO _weeks before programmed

installation date
A12.9.7.2 Inspection of Anchor assemblages, drilling of holes, anchor and | Prior to insertion and grouting of anchors,
T post excavations, steel reinforcement pouring of concrete
A12.9.3.4 Sequencing the installation of mitigation measures

The Contractor shall scrutinize the approved construction drawings for constructability to ensure that the sequence of installation of
mitigation measures is optimally achieved and meets the requirements of the specification.

The Contractor’s attention is drawn to the possible restriction that the requisite sequence of the installation of the mitigation measures
within the excavation cycle, or elements thereof, may have on the execution of the works, and possibly disruption to normal production.
The Contractor shall allow for the costs and disruption in his rates and programme for undertaking the mitigation installation.

A12.9.3.5 Records

The Contractor and the Engineer shall agree, at least two weeks prior to the commencement of any installation, on the detail, format and
frequency of the records that the Contractor shall submit to the Engineer. Work will not be allowed to commence prior to the requisite
agreement on record keeping being in place. Should the Contractor fail to produce the requisite agreed records timeously or to the
required detail, the Engineer may instruct that all work on the relevant section of the works be suspended until all the outstanding records
have been submitted to the required level and detail.
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A12.9.4 DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS

The design for the slope stabilisation measures required to mitigate adverse events is shown on the drawings indicating the position,
height, extent, energy rating and/or capacity and the associated performance specifications required of the various elements. These
measures require installations of mitigation products or, rockfall netting revetments, or standard geotechnical measures and may include
processes, such as shotcrete, rock bolts and dowels, gabions and mechanically stabilised embankments. Such can include proprietary
researched, designed and developed mitigation product(s). Notwithstanding the foregoing the Contractor shall in all instances undertake
the design of all temporary measures required to protect the road furniture, infrastructure and components of the work under construction
or already complete, from the impacts of falling rock.

The Contractor shall on the basis of these requirements propose qualifying proprietary researched, designed and developed mitigation
product(s), that will meet the capacities and the performance parameters specified in the Contract Documentation.

Where so required, or where the Contractor submits an alternative design layout, incorporating proprietary researched, designed and
developed mitigation products or, rockfall netting revetments, the standard geotechnical measures and processes contained in these
specifications shall be carried out a suitably qualified and experienced specialist, with proven documented experience in the design and
construction of the required mitigation measures.

Alternative designs shall address indicate

- The location, extent and limits of the mitigation works

- Level of acceptable protection and/or hazard as might apply to the various portions of the protection works.
- Design life and level of corrosion protection required.

- A detailed cost breakdown.

- Testing methods to be employed

- Quality assurance testing program which shall allow for testing at each treatment position/installation.

- Maintenance Requirements.

Alternative designs shall also include the design the barricades to intercept and safely attenuate the kinetic energy and the runout of falling
rock within the designated area(s) and constraints specified. These designs shall be undertaken by a suitably qualified and experienced
specialist with proven documented relevant experience in the design and construction of the required mitigation measures accepted by
the Engineer. All designs given shall be subject to the vetting and approval of the Engineer. All systems shall be assessed for compliance
with the guidelines in ETAG 027.

Available information is presented in the Contract Documentation. It is the Contractor’s responsibility to obtain all the other information
required to enable him to meet his obligations in term of the Contract Documentation. The requirements given in A12.9.3 above shall be
met and.

A12.9.5 MATERIALS

A12.9.51 Finalising the design and ordering of materials

The proprietary designed, developed and tested materials used in the slope protection works may need to be imported and/or are subject
to considerable lead time for manufacture and delivery. The Contractor shall take this into account in the planning and scheduling of the
construction of the works.

The Contractor shall furthermore undertake all the necessary site survey, setting out and measurements required to finalise the design
and dimensioning of the various elements of the installations timeously at the onset of construction so that the requisite orders for the
manufacture and/or delivery can be placed as soon as possible.

A12.9.5.2 Rockfall netting

Rockfall netting may either be installed as a draped mesh, anchored at the crest, free hanging over the slope or cutting, mostly tied off to
a lower support cable at the toe of the slope or cutting, thereby providing passive mitigation, or as a mesh revetment covering the slope
or cutting but anchored and pulled up tight against the rock surface on a regular grid to provide active mitigation.

Rockfall netting is manufactured and shipped to site in rolls of standard length and width. The mesh shall be joined on site during
installation to create a continuous wire mesh revetment. The required spacing/number of clips/shackles shall be as specified by the
manufacturer of the proprietary brand mesh to ensure that joins in the wire mesh panels are at least as strong as the intact mesh itself
and do not constitute a potential line of weakness and preferential failure when loaded to capacity.

In the event of an anchored mesh installation, the clawed face plates attached to the anchors shall be as per the manufacturer’s
specifications and design to ensure safe and optimal load transfer and pull back of the revetment against the rock/ground surface.

The following shall generally be specified in the Contract Documentation and/or drawings
- Static tensile strength of individual wire in MPa used to weave the netting.
- Diameter of the individual wires in mm required for the weave of the netting.

- The construction of the weave of the netting, namely being either, chain link, double twist, ring net, or any other specialised weave
as might be required by the Engineer.

- Minimum and/or maximum dimension and aperture of the weave of the rockfall netting in mm and mm?, respectively.
- Minimum static tensile strength in kN/m of a mesh panel with minimum width and length of 2,0 m.
- Galvanic coating of wire and wire ropes. Type and Class, namely gm/mm?or pym thickness.

- Minimum thickness and colour of UV resistant PVC coating, if required.
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A12.9.5.3 Catch fences

The specification covers the supply and installation of proprietary designed, developed and prototype tested catch fence system complete
with requisite components and the erection thereof in accordance with the specialist manufacturer’s specifications and the design layout
specified in the drawings and Contract Documentation. All fencing materials shall be ETAG tested and certificates shall be supplied
indicating the results of such testing on that product. Fencing shall be CE certified. The following shall generally be specified and supplied
in the Contract Documentation and/or drawings:

- The Design Layout with fences numbered.

- The ground conditions and geotechnical parameters required for the design of all anchors and post plinths.

- The height of the various fences within the design layout in m.

- The required energy rating in kJ.

- The maximum allowable extension in m of the fence at the working limit.

- Minimum and/or maximum dimension and aperture of the weave of the fence netting in mm and mm? respectively.
- Galvanic coating of rockfall netting, wire ropes and posts. Type and Class, namely gm/mm? or ym.

- Any specific colour or coating in addition to the galvanic coating.

A12.9.5.4 Shallow landslide fences

The specification covers the supply and installation of proprietary designed, developed and prototype tested shallow landslide fence
system complete with requisite components and the erection thereof in accordance with the specialist manufacturer’s specifications and
the design layout specified in the drawings and Contract Documentation.

The following shall generally be specified and supplied in the Contract Documentation and/or drawings:

- The design layout(s).

- The ground conditions and geotechnical parameters required for the design of the anchors and post plinths.
- The height of the various fences within the design layout.

- The weight (mass) of material required to be retained per meter run of fence.

- Minimum and/or maximum dimension and aperture of the weave of the fence netting in mm and mm? respectively.
- Galvanic coating of fence netting, wire ropes and posts. Type and Class (gm/mm?).

- Any specific colour or coating in addition to the galvanic coating.

A12.9.5.5 Debris flow fences

The specification covers the supply and installation of proprietary developed and prototype tested debris flow fence, complete with requisite
components and the erection thereof in accordance with the specialist manufacturer’s specifications and the design layout specified in the
drawings and Contract Documentation.

The following shall generally be specified and supplied in the Contract Documentation and/or drawings:
- The design layout of each fence showing the type, number, location and extent/footprint.

- The ground conditions and geotechnical parameters required for the design of the anchors and the plinths of the posts and lateral
and upslope anchor.

- A description of the nature, composition and total volume in m® of the debris to be retained.

- The digital terrain model of the gulley/ravine at and an adequate distance above the site(s) of the debris flow fence(s).
- A description of the conditions and composition of the gulley/ravine to assess its open channel hydraulic conductivity.
- The requisite flows that the fences need to safely intercept.

- Maximum dimension and aperture in mm and mm? respectively and type of weave of the fence netting.
- Galvanic coating of rockfall netting, wire ropes and posts. Type and Class, namely gm/mm?or pym.

- Any specific colour or coating in addition to the galvanic coating.

A12.9.6 CONSTRUCTION EQUIPMENT

The slope protection installations may require both working from ground level using standard methods and equipment (sometimes modified
or using boom extensions) working at height, using both rope access and light equipment or from platforms suspended from cranes or
elevated platforms, anchored to the slopes.

Drilling shall be undertaken by pneumatic or hydraulically driven drills rigs/drifters fitted with feed motors and percussion rock drills, with
adequate air flushing to remove drill cuttings efficiently. These rigs shall also be fitted with effective dust suppressing and collecting
equipment.

The drill rigs and equipment shall be in good working order and capable of producing straight holes to the required depths, dimensions,
tolerances, direction and inclination. The number of rigs and the capacity of the motors shall be such that they can match the production
requirements for the project. Drill bits to be used shall be selected to match the various rock mass conditions to ensure optimal production
rates. Drill bits shall furthermore be sharpened/reground and replaced at prerequisite intervals to ensure optimum penetration rates.
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Should the type of rig and/or equipment prove inappropriate for the requirements or conditions on site, these shall be replaced by suitable
equipment at the Contractor’s cost. The drill rig/equipment shall be able to complete all drilling operations, without loss of direction or
inclination, in all materials.

The plant shall be inspected, serviced and calibrated at regular requisite intervals and tested to ensure system functionality, efficiency and
accuracy.

At the commencement of the work the Contractor shall supply the Engineer, for all key plant to be used the requisite maintenance plans
and schedules as required by the manufacturer, to keep them in the requisite working order. The Contractor shall submit monthly returns
summarising all maintenance and repair work undertaken on the key plant for the duration of the contract.

The Contractor will be obliged to adhere to the maintenance schedules submitted, failing which the Engineer may suspend the further use
of the item of plant in question until the requisite maintenance has been undertaken.

A12.9.7 EXECUTION OF THE WORKS
A12.9.71 General

a) Method statements

Detailed method statements for each section of the slope protection works shall be submitted to the Engineer for his approval at least two
weeks before any slope protection works are carried out. Method statements shall be prepared and submitted to the Engineer for approval
for each facet of the work at the start of construction, within time scales specified. The onus lies with the Contractor to ensure that the
information is acquired, and associated activities are completed expeditiously in order to avoid any delays in the commencement,
continuation and completion of the required works.

Unless otherwise specified or provided for in the Contract Documentation no permanent works shall be commenced until the Engineer’s
approval has been obtained.

Where the method statement/s are not approved due allowance shall be made for obtaining alternative materials, resubmissions and
redesigns, all to the required/approved standards, methods and practises in attending to these requirements. Particular attention shall be
paid to the early submission of materials-, concrete- and grout mix designs where parameters at various ages may be specified. No
consideration for extension of the contract period will be entertained for delays incurred in meeting these requirements.

Trials, to demonstrate and confirm the efficacy of the Contractor’s proposed work method, shall be undertaken at the onset of construction,
before production work commences. Based on the outcomes of these trials, the Engineer may require changes to be made to the relevant
method statement(s). Once approved in writing by the Engineer, these shall become the method statements in accordance whereby the
relevant portion of the works shall be executed thereafter. Notwithstanding, the Engineer may require revision from time to time if
circumstances during construction arise which warrants change.

The Contractor shall notify and submit any proposed amendments to an approved method statement for any section of the work to the
Engineer for his re-approval at least 2 weeks prior to his intention to commence with that section of the work. The Contractor shall not
deviate from the approved method statement(s) for any section of the works, before the proposed changes have been submitted to the
Engineer for scrutiny and procedural compliance and written approval has been obtained.

The Contractor shall remain responsible for all work-methods, materials, plant and equipment used, notwithstanding acceptance by the
Engineer.

b) Handling storage and protection of materials delivered to site

During transit, delivery and prior to installation all proprietary developed mitigation products and anchorages shall be protected against
any form of damage or permanent deformation whatsoever. The materials shall be stored in a dedicated, weather-proof shed(s), away
from the works area to minimize the potential for damage. All materials shall be stored well clear of the ground on appropriate stable
trestles approved the Engineer. No materials shall be delivered to site before the requisite facilities to receive are in place and approved
in writing by the Engineer.

The Contractor shall notify the Engineer once the materials are received on site and shall inspect these together with the Engineer to both
verify that the delivery correctly reflects the materials ordered, that all the requisite components of each and every installation have been
received and that these have not been damaged during transit and/or delivery in any way. The Contractor shall replace any incorrectly
delivered; short delivered or damaged components which cannot be repaired to the requisite standard as soon as possible to minimize
potential delays to the construction programme.

The Contractor shall not proceed with the translocation of any of these materials to the works area for installation before the inspection is
complete and sign off by the Engineer is conformed in writing.

The Contractor shall ensure that the method of translocation and handling of these materials from storage to installation, as well as during
the installation is such that they are not damaged in anyway whatsoever.

All damaged materials which cannot be repaired to the requisite standard shall be replaced at the Contractor’s cost.
c) Traffic control and lane closure

Traffic control, lane closure, safety, cordoning off of the works area and providing access to the Engineer for setting out and inspections
are the responsibility of the Contractor and the minimum requirements shall be as specified in the Contract Documentation. No work shall
proceed until such time as the Engineer has approved all the required measures.

Prior to the commencement of any slope protection work on any of the slope and cuttings the Contractor shall ensure that the specified
traffic barriers, stop and go and all other specified traffic control measures, including road closure barriers as may be specified and required
are in place and have been approved by the Engineer.

Total road closures may be required where fragments of rock could impact on the lane reserved for use by public traffic and the Contractor
shall be equipped for and remain on standby at least 30 min prior to the intended opening of the road to clear the lane of such fragments
of rock and other debris. The Contractor shall also within the time of road closure, complete any temporary repairs to the road surface to
the specified and/or standard required by the Engineer to make it trafficable and safe.
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d) Cordoning off the works area

The work areas requiring scaling and the drop zones and run-out areas of falling rock shall be suitably cordoned off and barricaded to
ensure that falling rock debris is channelled and/or contained within restricted areas. If space is limited, this may require temporary rockfall
barriers of adequate height and capacity to be installed.

Access for the Contractor’s plant, equipment, materials and other resources to and from each of the work areas demarcated by the barriers
shall be strictly in accordance with the specific requirements set out in the Contract Documentation.

e) Protection of the works, road pavement, infrastructure and furniture and accessories

Any rock or other material dislodged by barring down operations shall be brought onto the surface of the Contractor’s work area without
causing any damage to road furniture, infrastructure or construction work in progress or already complete. The Contractor shall design
and provide the requisite protection works for each section of the work and contemplated activity.

f) Access for inspections, mapping, setting out and testing

The Contractor shall at all times provide suitable, stable and safe access and allow the requisite time in his programme for all necessary
inspections, mapping and setting out by the Engineer and the testing of the installed rock reinforcement and support elements of the
mitigation installation(s). This access shall consist of either crane suspended baskets, raised platforms or ladders.

The Contractor shall provide the Engineer and his staff with the requisite compliant safety harnesses and hard hats for these inspections.
These shall be clean, free of dirt and grime and in perfect working order when presented to the Engineer or his staff.

The Contractor shall suspend all other work as agreed with and approved by the Engineer on or in the immediate vicinity of the area being
inspected, mapping or whilst setting out is taking place. The Contractor shall allow for the cost and time for this potential disruption to his
work programme.

Setting out of the installations and/or components is unlikely to be undertaken as a once off single operation. The initial setting out shall
be as per the design layout specified in the Contract Documentation and/or drawings. However thereafter site conditions may dictate that
adjustments and alterations are required which must be referred to the Engineer for his consideration and amendment. The Contractor
must therefore expect and allow in his tender rates and programme for additional setting out exercises to be undertaken.

A12.9.7.2 Process
a) Rock Barring

This part of the specification covers the operations involved in the barring down and cleaning of loose rock from the faces of the various
cuttings and removing the material so produced to an approved disposal site. It also covers the inspections to be carried out prior to and
after the completion of barring down operations.

The Contractor shall make available equipment as required and approved by the Engineer together with a qualified operator to bring the
Engineer’s representative to within at least half a metre of any part of the surface of the cut face or slope requiring assessment. The
Engineer’s representative will undertake a detailed inspection of the rock surface before the barring down operations commence to
determine to extent of barring required and if necessary subsequent intermittent inspections to instruct the Contractor accordingly. All
costs and delay incurred in providing this access must be allowed for in the rates and programme for barring.

The Contractor shall have on site all the necessary equipment, plant materials and personnel required to gain access to and dislodge all
rock identified for barring down and to do so in compliance with all statutory and other requirements pertaining to matters regarding safety
of personnel and the general public.

All barring down shall be undertaken judiciously, in a controlled manner, and strictly as directed by the Engineer’s representative. It may
therefore be that in certain instances key blocks which are potentially unstable be instructed to be left in place and anchored back, or in
the event of very loose of friable ground, that no further removal takes place and that the ground instead be stabilised by a suitable
revetment and/or bolts as part of the mitigation works.

The Contractor will be required to traverse every square metre of the rock surface requiring stabilisation/treatment and attempt to bar
down all hollow sounding rock surfaces identified by tapping with a pinch bar or other approved method. The Contractor will continue with
the barring down to the satisfaction of the Engineer and he may be required to re-attempt to bar down sections of rock or specific rocks
previously attempted as may be required by the Engineer.

All loose material resulting from the barring down and cleaning operations shall be loaded and transported to the approved disposal site.

Once the mitigation measures are installed, the slopes in question shall be cleared of all loose fist size rock and greater by further scaling
where so required and then finally blowing it clean with the requisite number of passes of a high pressure jet of compressed air together
with a high pressure jet of water, if required.

Cleaning shall be undertaken from the top down to ensure that all loose rock and debris is systematically removed from the rock surfaces
and ledges and is not re-deposited on an adjacent section of rock surface previously cleaned. The Contractor shall remove any rock or
debris so re-deposited at no extra cost and all rock surfaces shall be cleaned to the satisfaction of the Engineer.

A final inspection and sign off by the Engineer’s Representative is required once the barring and cleaning is complete to confirm that the
work has been undertaken to the Engineers’ satisfaction and required standard.

b) Anchoring of slope protection installations

The anchoring required for the various slope protection installations shall be of the type, detail and at the locations provided in the relevant
design layout drawings and Contract Documentation or as might be modified and instructed by the Engineer for the wire mesh rockfall
revetments, or in accordance with the guidelines and requirements of the product and installation manuals in the case of catch fences,
shallow landslide barriers and debris flow barriers.

The Contractor shall initially set-out the design layout of the mitigation works which mainly entails the layout of the anchors of all the
installations as per the approved construction drawings, making use of approved survey methods specified and/or instructed by the
Engineer. This setting out will be inspected by the Engineer to confirm that the intended layout is to his satisfaction. The Engineer may
require adjustments to the position of certain elements of the installation or may decide that the alignment and location requires adjustment
to better accommodate the topographical or other physical constraints. The Contractor shall assist and co-operate with the Engineer in
all respects in finalising the setting out and must allow for this in his rates and construction programme.
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Drilling and grouting of the anchors shall be undertaken in accordance with the requirements as specified for rock dowels in Section A12.2
of these specifications, to the type, diameter, orientation and depth specified.

Holes shall be accurately set out and collared to within 75 mm of the required position for the wire mesh panel installations, and the
upslope support cables of the posts of catch fences, shallow landslide fences and debris flow fences, and the lateral anchors of the catch
fences and shallow landslide fences.

Accurate and relevant drilling templates, agreed to and approved by the Engineer, will be required for drilling the anchors of all post
baseplates as well as the anchors of the lateral support ropes of the debris flow fences. Collaring the holes is strictly dictated by the
specific anchorage arrangement(s) and no deviation from the template will be allowed. Holes that are found to have been collared and/or
drilled deviant from the template will be grouted and re-drilled once the grout reaches a minimum strength of 10MPa.

The Contractor shall control the drilling operations by the use of proper equipment and techniques to ensure that no holes deviate more
than 2 %, once collared, from the required orientation.

Holes, which upon orientation measurement, deviate more than 2 % from the required orientation shall be filled with inert material or
grouted as instructed by the Engineer, abandoned and a new replacement hole shall be drilled at the Contractors’ cost.

c) Installation of draped wire mesh rockfall netting revetments

The revetment shall be installed in accordance with the details provided in the design layout drawings and specifications or as might be
modified and instructed by the Engineer.

Draped wire mesh rockfall netting shall be anchored at the top of the slope or cutting. The rockfall netting is continuously attached and
tied off to a top longitudinal wire rope cable of specified type, diameter and strength, set back a minimum of 2 m from the crest of the
cutting or as specified in the Contract Documentation and/or the drawings. The top longitudinal wire rope cable is in turn restrained and
connected to top anchors of specified type, capacity, length and spacing. The top longitudinal wire rope cable may either be attached
directly to the top anchors or set off and connected by way of short transverse wire rope cables from each top anchor. The top longitudinal
wire cables are interrupted and tied off to intermediate top lateral anchors at 30m intervals, or as specified in the Contract Documentation
and/or the drawings. The top longitudinal wire rope cables are tensioned as specified or indicated on the construction drawings to limit
its sag between adjacent anchors.

Drape mesh may either be non-restrained but weighted down at the base of the slope or cutting to guide and restrict the exit of rockfalls
to within a defined drop zone, or they may be tied off to a longitudinal bottom wire rope cable of specified type, diameter and strength,
restrained by bottom anchors of specified type, diameter and spacing. The bottom cable is looped, typically one meter in diameter at
regular intervals, which once released allows the cable to be pulled away from the bottom of the slope or cutting to allow the periodic
release and removal of trapped debris.

d) Installation of anchored wire mesh rockfall netting revetments

The revetment shall be installed in accordance with the details provided in the design layout drawings and Contract Documentation or as
might be modified and instructed by the Engineer.

Anchored wire mesh rockfall netting is affixed to the face of the slope or cutting by anchoring with rock dowels/soil nails which protrude
through the netting and are generally installed in accordance with a fixed grid pattern. The installation of the rock dowels/soil nails prior
to the placement of the netting is preferred as it affords the least opportunity for damaging the netting. If the anchors are to be placed
after the rockfall netting has been draped over the slope, special care and precautions need to be taken to ensure that the netting and its
galvanic coating is not damaged or coated with spills of cement grout by the subsequent drilling and grouting activities.

The rock dowels are fitted with clawed/spiked face plates and nuts, which grip the netting and when tightened and torqued up pull the
netting down tight against the ground surface. In the case of soft ground slopes the ground immediately around the proximal end of the
anchor shall be excavated to create a small depression/hollow. Torqueing must continue to pull face plate and netting into the ground.
Anchored mesh installations are designed to function as a system in that the strength of the mesh, diameter/capacity and spacing of the
anchors are matched to provide the required stability. In this manner a number of permutations and combinations of meshes of various
strength, anchor capacity and spacing may be identified to achieve the same end result from which the optimal economic combination
may be identified.

Anchored Mesh/Netting revetments are tied-off by boundary ropes, setback two mesh apertures along the perimeter of the revetment.
The boundary ropes are clipped onto the netting and are tensioned and tied-off on external anchors to ensure that all loose blocks are
contained by the netting and do not slip out.

e) Installation of catch fences shallow landslide fences and debris flow fences.

The installations shall be installed in keeping with the details provided in the design layout drawings and Contract Documentation or as
might be modified and instructed by the Engineer.

The installation shall be undertaken strictly in accordance with the guidelines and requirements of the product and installation manuals
provided by the developer/supplier of the system. The Contractor shall adhere to and give the timeous notice as required in terms of
Table A12.9.3-1 and elsewhere in these specifications for all requisite hold points.

A12.9.8 WORKMANSHIP
A12.9.8.1 Acceptance of installations with proprietary supplied and designed products

All installations shall be finally inspected and signed off by a duly authorised representative of the approved specialist manufacturer of the
system(s) to verify that these have been installed in accordance with the requisite guidelines and standard(s) and will meet the
performance specifications of the system. Final payment for the installation(s) and the contract completion certificate shall not be issued
if the completed installation(s) have not been signed off as required in these specifications.

A12.9.8.2 Anchors

The quality control of the grouting of all anchors and load testing of the rock dowels and wire rope anchors shall be as per Section A12.2
of these specifications. All the anchors supporting the top longitudinal wire rope cables of the drape mesh revetments and all wire rope
anchors installed, for either catch fences, shallow landslide fences or debris flow fences, shall be tested.
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Where applicable, testing shall be undertaken prior to their possible encasement in concrete plinths.

The testing sequence and load limits shall be as for rock dowels/soil nails but using a specially adapted jack to accommodate the loop of
the wire rope anchor.

All tests shall be undertaken with the superintendence of the Engineer and the Contractor shall ensure that he adheres to the requisite
hold points specified in Table A12.9.3-1

The frequency of testing and applicable standards shall be as for Section A12.2.
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B12.9 SLOPE PROTECTION MEASURES

PART B: LABOUR ENHANCEMENT

CONTENTS

B12.9.1
B12.9.2
B12.9.3
B12.9.4
B12.9.5
B12.9.6
B12.9.7
B12.9.8

B12.9.1

SCOPE

DEFINITIONS

GENERAL

DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS
MATERIALS

CONSTRUCTION EQUIPMENT

EXECUTION OF THE WORKS

WORKMANSHIP

SCOPE

The provisions of Part A shall apply.

B12.9.2

DEFINITIONS

The provisions of Part A shall apply.

B12.9.3

GENERAL

The provisions of Part A shall apply.

B12.9.4

DESIGN BY CONTRACTOR/PERFORMANCE BASED SYSTEMS

The provisions of Part A shall apply.

B12.9.5

MATERIALS

The provisions of Part A shall apply.

B12.9.6

CONSTRUCTION EQUIPMENT

The provisions of Part A shall apply.

B12.9.7

EXECUTION OF THE WORKS

The provisions of Part A shall apply.

B12.9.8

WORKMANSHIP

The provisions of Part A shall apply.
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C12.9 SLOPE PROTECTION MEASURES

PART C: MEASUREMENT AND PAYMENT

(i) Preamble

The tendered rate for each pay item shall include full compensation for providing, operating, maintaining and decommissioning upon
completion, of all the construction equipment, labour, tools, incidentals and supervision to carry out the activity or construct the works in
the pay item as specified, unless otherwise stated.

Any prime cost or provisional sums shall be paid in accordance with the provisions of the conditions of contract. The charge or mark-up
tendered or allowed for is a percentage of the amount actually paid under the prime cost or provisional sum. This percentage shall
cover all the Contractor’'s handling, supervision, profit and liability costs to provide the services in the prime cost or provisional sum item.

The requirements of Clauses C1.1.1, C1.1.2 and C1.1.3 of Chapter 1 shall apply.

Where pay item descriptions include any wording in brackets it is an indication that contract specific information is to be inserted in the
Pricing Schedule included in the Contract Documentation.

(ii) Notes on measurement and pay ltems

1. Unless otherwise ordered or stated in the Contract Documentation, trench depths will be measured from the surface of the ground along
the centre-line of the trench to the bottom of the specified bedding layer (as applicable). Where no bedding is required it shall be
measured to the underside of the duct or pipe.

2. The ground surface will be that existing after any bulk earthworks have been carried out, i.e. the excavated surface or embankment
surface, unless a different sequence of execution has been ordered.

3.  Excavations will be measured as if taken out with vertical sides, regardless of whether they have been taken out with sloping sides.

4. The length used for trench computations will be the total through-length of a pipe or duct etc. from end to end and no deduction will be
made for manholes or access chambers etc.

5.  Wherever volumetric measurement is required, the volume will be computed from the depth determined as indicated in 1. and 2. above
and using the authorised width (W) determined in accordance with the specification.

6. Where shoring is specified or ordered, the length of shoring measured for payment will be the length of the centre-line of the trench.

(iii) Items that will not be measured separately

The following activities, whether required to complete the specified work or not, will not be measured and paid for separately and the
Contractor shall include the cost thereof in other pay items as the Contractor deems appropriate:

1. No separate payment will be made for backfiling excess excavations, disposing of surplus material etc. or any other contingent work,
unless the work is specifically specified or ordered.

2. No separate payment will be made for setting out the works.

3. No separate payment will be made for the protection or repair as required of any existing or new road furniture, structures, buildings,
infrastructure or services damaged by the Contractor’s activities and for complying with all the requirements of Clause A2.1.3.4.

4. No additional payment shall be made, nor shall any claim for additional payment be considered, for any specified work in confined or
restricted areas. Any additional costs associated with working in confined or restricted areas shall be deemed to be included in the
standard applicable pay items.

5. No separate payment will be made for the loading of any materials.

6. No separate payment will be made for the hauling of any materials where the material is moved over a distance of less than, and up to,
1,0 km.

7. No separate payment will be made for transporting materials from commercial sources irrespective of the haul distance.

8. No separate payment will be made for the removal of any surplus material imported to complete the works.

(iv) Items to be measured and paid for using items specified elsewhere in the specifications

None

(v) Items specifically for this section of the specification

Item Description Unit

C12.9.1 Barring down of rock surfaces within vertical height intervals (intervals stated) square metre (m?)

The unit of measurement shall be the square metre of rock barred down in accordance with the Engineer’s instruction. Heights shall be
measured from the outer edge of the road at the toe of the cutting. Barring down will be measured once only per area/section of the
works instructed to be treated irrespective of the number of times the Contractor is required to re-access the face of the cutting/slope to
complete the work to achieve a stable clean surface approved by the Engineer.The final measurement for payment will be made on the
nett area of slope/cutting barred down.

The tendered rate shall include full compensation for access to the rock face, barring down of rock using suitable tools and equipment,
adhering to safety and other statutory precautionary measures, labour, plant (including specialised equipment), materials and all other
necessary incidentals to complete the works in accordance with the specifications and the Engineer’s instructions.

Item Description Unit

C12.9.2 Cleaning of rock surfaces by high pressure air and water jetting equipment within the square metre (m?)
vertical height intervals (categories stated)

The unit of measurement shall be the square metre of rock surface cleaned by high-pressure air and water jetting in accordance with the
Engineer’s instruction. Cleaning will be measured once only per area/section of the works instructed to be treated irrespective of the
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number of times the Contractor is required to re-access the face of the cutting/slope to complete the work to achieve a stable clean surface
approved by the Engineer.The final measurement for payment will be made on the nett area of slope/cutting cleaned down.

The tendered rate shall include full compensation for access to the rock face, adhering to safety and other statutory precautionary
measures, labour, plant (including specialised equipment), materials and all other incidentals necessary to complete the works in
accordance with the specifications and Engineer’s instructions.

Heights shall be measured from the outer edge of the road at the toe of the cutting.
Item Description Unit

C12.9.3 Disposal of barred down and accumulated debris cubic metre
kilometre (m®3.km)

The unit of measurement shall be the cubic metre of debris loaded at the toe of the cuttings resulting from the barring down and/or cleaning
of the rock surfaces hauled over the approved distance to the approved disposal site. The debris to be removed and measured under
this item shall also include existing debris which has accumulated at the toe of the cutting over the years.

The volume shall be equal to 70 % of the loose struck volume measured in trucks in the case of soil and gravel material, and equal to 60
% of the loose struck volume in trucks in the case of hard material consisting predominantly of particles of which the maximum dimension
exceeds 100 mm.

The tendered rate shall include full compensation for loading and disposing of all material to an approved disposal site and placed and
finished in accordance with the Engineer’s requirements.

Item Description Unit

C12.9.4 Supply and install wire mesh rockfall netting within vertical height intervals (intervals square metre (m?)
stated), galvanic requirements, roll width, wire thickness, tensile strength, weave, aperture,
PVC coating and/or colouring indicated

The unit of measurement shall be the square metre of mesh wire mesh rockfall netting placed, secured and anchored in accordance with
the design layout drawings and the specifications of the approved specialist manufacturer of the system(s). The final measurement for
payment will be made on the nett area of mesh installed. The requisite overlaps and joints required to ensure full effective coverage of the
slope/cutting shall not be measured.

The tendered rate shall include full compensation for the procuring mesh, joining mesh rolls to create continuous netting and placing mesh
on the slopes and cutting, inclusive of all labour, materials, catch fence components including all clips, clamps and shackles and all other
incidentals at the locations required in accordance with the Engineer's instructions including the requisite process control testing, testing
and sign off certificate by the authorised representative of the approved specialist manufacturer of the system(s) if relevant. The tendered
rate shall include full compensation to the Contractor to assist and co-operate with the Engineer in all respects in finalising the setting out
of the design layout, including the individual elements of the installation.

Measurement and payment for all the anchoring of rock anchors, dowels and wire rope anchors shall made in Section A12.2.
Item Description Unit

C12.9.5 Supply and Installation/erection of catch fencing (galvanic requirements, type, height, metre (m)
length and energy rating in kJ and location of fences indicated)

The unit of measurement shall be the linear metre of catch fence supplied and erected in accordance with the design layout drawings and
the specifications of the approved specialist manufacturer of the system(s). Separate rates are required for each standard length class
intervals, namely, 0-10 m; >10 m — 20 m; >20 m- 30 m; >30 m — 40 m; >40 m — 50 m; >50 m — 60 m. The rates for each class length shall
distinguish between fence height and energy rating.

The tendered rate shall include full compensation for the procuring and erecting of the catch fence system, inclusive of all labour, materials,
catch fence components including all anchors, clips, clamps and shackles and all other incidentals at the locations required in accordance
with the Engineer's instructions including the requisite process control testing, testing and sign off certificate by the authorized
representative of the approved specialist manufacturer of the system(s).The tendered rate shall include full compensation to the Contractor
to assist and co-operate with the Engineer in all respects in finalising the setting out of the design layout, including the individual elements
of the installation. The rate shall make provision for a standard anchor length of 3,0 m for all threadbar and wire rope anchors.

Item Description Unit

C12.9.6 Supply and installation/erection of additional anchor lengths for catch fences metre (m)
(differentiate between threadbar and wire rope anchor for different diameters)

The unit of measurement shall be the linear metre of anchor length in addition to the standard 3m length of relevant anchor allowed for
and priced in item C12.9.5. The need for the additional anchor length shall be as required by the design to match the ground conditions
and as instructed and approved by the Engineer. In the event that the diameter and/or type of anchor provided for in the measurement
item above does not match that used for the fence offered by the Contractor, he shall indicate the requisite diameter and/or type of
anchor(s).

The tendered rate shall be inclusive of all the additional compensation for the additional drilling, cleaning drill holes, procuring, corrosion
protection, installing and grouting, all labour, materials and all other incidentals required to complete the work in accordance with the
Contract Documentation and the Engineer’s instructions. All pull out test requirements and costs are deemed to be included in the tendered
rate for this item and no extra payment will be made in this regard.

Item Description Unit

C12.9.7 Gap filling under the catch fences (energy class stated) square metre (m?)

The unit of measurement shall be the square metre of fencing installed for gap filling as instructed by the Engineer.
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The tendered rate must shall be inclusive of all the additional costs that will be incurred in the erection of the gap closures below the catch
fences, including anchors/pins required in accordance with the approved specialist manufacturer’s and the Engineer’s requirements.

Item Description Unit

C12.9.8 Supply and installation/erection of shallow landslide fencing (galvanic requirements, metre (m)
type, height, length and rating and fence length class interval

The unit of measurement shall be per linear metre of shallow landslide fencing supplied and erected in accordance with the design layout
drawings and the approved specialist manufacturer’s specifications. Separate rates are required for each standard class length intervals,
namely, 0-10 m;>10 m — 20 m;>20 m- 30 m;>30 m — 40 m;>40 m — 50 m;>50 m — 60 m. The rates for each class length shall distinguish
between fence height and rating.

The tendered rate shall include full compensation for the procuring and erecting of the shallow landslide fence system, inclusive of all
labour, materials, catch fence components including all anchors, clips, clamps and shackles and all other incidentals at the locations
required in accordance with the Engineer's instructions including the requisite process control testing, testing and sign off certificate by
the authorised representative of the approved specialist manufacturer of the system(s). The tendered rate shall include full compensation
to the Contractor to assist and co-operate with the Engineer in all respects in finalising the setting out of the design layout, including the
individual elements of the installation. The rate shall make provision for a standard anchor length of 3,0 m for all threadbar and wire rope
anchors.

Item Description Unit

C12.9.9 Supply and install additional anchor lengths for shallow landslide fences (differentiate metre (m)
between threadbar and wire rope anchor for different diameters

The unit of measurement shall be the linear metre of anchor length in addition to the standard 3,0 m length of relevant anchor allowed for
and priced in item C12.9.8. The need for the additional anchor length shall be as required by the design to match the ground conditions
and as instructed and approved by the Engineer. In the event that the diameter and/or type of anchor provided for in the measurement
item above does not match that used for the fence offered by the Tenderer, the Tender shall indicate the requisite diameter and/or type
of anchor(s).

The tendered rate shall be inclusive of all the additional compensation for the additional drilling, cleaning drill holes, procuring, corrosion
protection, installing and grouting, all labour, materials and all other incidentals required to complete the work in accordance with the
Contract Documentation and the Engineer’s instructions. All pull out test requirements and costs are deemed to be included in the tendered
rate for this item and no extra payment will be made in this regard.

Item Description Unit

C12.9.10 Gap filling under the shallow landslide fences (fence rating indicated) square metre (m?)

The unit of measurement shall be the square metre of fencing installed for gap filling as instructed by the Engineer.

The tendered rate shall allow for all the additional costs that will be incurred in the erection of the gap closures below the shallow landslide
fences, including all anchors/pins required in accordance with the approved specialist manufacturer and the Engineer’s requirements.

Item Description Unit

C12.9.11 Supply and installation/erection of debris flow fencing (galvanic requirements, type, metre (m)
rating and location for each numbered fence indicated)

The unit of measurement shall be the running length in metres for each specific fence, measured for supply and delivery to site as required
in accordance with the design layout drawings and the approved specialist manufacturer’s specifications.

The tendered rate shall include full compensation for procuring, corrosion protection, all labour, materials, components including all
anchors, clips, clamps and shackles and all other incidentals required to provide the relevant Debris Flow Fence components at the
locations requiredincluding the requisite process control testing, testing and sign off certificate by the authorized representative of the
approved specialist manufacturers of the system(s). The tendered rate shall include full compensation to the Contractor to assist and
co-operate with the Engineer in all respects in finalising the setting out of the design layout, including the individual elements of the
installation. The rate shall make provision for a standard anchor length of 3,0 m for all threadbar and wire rope anchors.

Item Description Unit

C12.9.12 Supply and install additional anchor lengths for debris flow fences ((differentiate metre (m)
between threadbar and wire rope anchor for different diameters)

The unit of measurement shall be the linear metre of anchor length in addition to the standard 3,0 m length of relevant anchor allowed for
and priced in item C12.9.11. The need for the additional anchor length shall be as required by the design to match the ground conditions
and as instructed and approved by the Engineer. In the event that the diameter and/or type of anchor provided for in the measurement
item above does not match that used for the fence offered by the Tenderer, the tender shall indicate the requisite diameter and/or type of
anchor(s).

The tendered rate shall be inclusive of all the additional compensation for the additional drilling, cleaning drill holes, procuring, corrosion
protection, installing and grouting, all labour, materials and all other incidentals required to complete the work in accordance with the
Contract Documentation and the Engineer’s instructions. All pull out test requirements and costs are deemed to be included in the
tendered rate for this item and no extra payment will be made in this regard.
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D12.9 SLOPE PROTECTION MEASURES
PART D: GUARANTEES AND COMPLIANCE CERTIFICATES

The Contractor shall provide detailed specifications and certificates from independent reputable agencies for all proprietary casing/sleeves
and materials proposed for use. These shall demonstrate conformance with the performance requirements stipulated in the Contract
Documentation.

CONTENTS

D12.9.1 SCOPE

D12.9.2 GENERAL

D12.9.3 PERFORMANCE GUARANTEE REQUIREMENTS
D12.9.4 FUNCTIONAL PERFORMANCE ASSESSMENTS
D12.9.5 VISUALLY ASSESSED PROPERTIES

D12.9.6 INSTRUMENTALLY ASSESSED PROPERTIES
D12.9.7 EVALUATION FOR ACCEPTANCE

D12.9.8 ADDITIONAL PROCEDURES TO BE ADOPTED IN THE EVENT OF FAILURE
D12.9.9 NOTIFICATION OF REMEDIAL WORK

D12.9.10 REMEDIAL WORKS

Where applicable, details must be provided in the Contract Documentation.

D12.9.1SCOPE

The scope of this section covers the following:
- Guarantees and compliance certificates
- Product conformance specifications

The Contractor shall, within 28 days of entering into the contract with the Employer, submit to the Engineer conformance documentation
related to the specifications.

Conformance documentation shall be provided for the following:

- Materials and Materials Design as per Clause A12.1.3.2

- Materials as per Clause A12.1 5,

- Construction Equipment as per Clause A12.1.6

- Execution of the Works as per A12.1.7

D12.9.2 GENERAL

The Contractor shall provide detailed specifications, test data, performance data and compliance certificates from independent reputable
agencies for all proprietary systems, processes and materials proposed for use. These shall demonstrate conformance with the
performance requirements specified in the Contract Documentation. Unless otherwise specified, all proprietary materials shall be used
and placed in strict accordance with the relevant manufacturer's current published instructions.

D12.9.3 PERFORMANCE GUARANTEE REQUIREMENTS

The Contractor shall, within 28 days of entering into the contract with the Employer, submit to the Engineer conformance documentation
related to the specifications.

Conformance documentation shall be provided for the following:

- Materials and Materials Design as per Clause A12.9.3

- Materials as per Clause A12.9 5,

- Construction Equipment as per Clause A12.9.6

- Execution of the Works as per A12.9.7

b12.9.4 FUNCTIONAL PERFORMANCE ASSESSMENTS

No specific items in this Section.

D12.9.5 VISUALLY ASSESSED PROPERTIES

No specific items in this Section.

12.9.6 INSTRUMENTALLY ASSESSED PROPERTIES

No specific items in this Section.

D12.9.7 EVALUATION FOR ACCEPTANCE

No specific items in this Section.
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D12.9.8 ADDITIONAL PROCEDURES TO BE ADOPTED IN THE EVENT OF FAILURE

No specific items in this Section.

D12.9.9 NOTIFICATION OF REMEDIAL WORK

No specific items in this Section.

D12.9.10 REMEDIAL WORKS

No specific items in this Section.
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A12.10 HARD EXCAVATION BY BLASTING

CONTENTS

PART A: SPECIFICATIONS

A12.10.1 SCOPE

A12.10.2 DEFINITIONS

A12.10.3 GENERAL

A12.10.4 DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS
A12.10.5 MATERIALS

A12.10.6 CONSTRUCTION EQUIPMENT

A12.10.7 EXECUTION OF THE WORKS

A12.10.8 WORKMANSHIP

PART B: LABOUR ENHANCEMENT
PART C: MEASUREMENT AND PAYMENT
PART D: GUARANTEES AND COMPLIANCE CERTIFICATES

PART A: SPECIFICATIONS
A12.10.1 SCOPE

This chapter covers all aspects of the work and associated operations for controlled drilling and blasting in hard material.

The responsibility for planning and conducting hard excavation by blasting in accordance with the requirements of these specifications, rests
solely with the Contractor.

The requirements given hereunder supplement that given in Section A1.2.7.5 of Chapter 1 and are complimentary to Sections A4.1 and A4.2
of Chapter 4 and any other chapters that address the excavation of hard materials by blasting. The breaking down and/or crushing or crushing
and screening of blasted rock is covered in Chapter 4.

A12.10.2 DEFINITIONS

The following definitions, terms, works and expressions are applicable to this section. These are not exhaustive and merely represent a
selection used in the field of controlled rock blasting. Accordingly, these do not limit the scope of the blasting that may be required to
meet the outcomes and objectives set out in the Contract Documentation.

Controlled blasting - includes the use of special techniques, measures, procedures and for using explosives and ancillary materials
specially manufactured for this purpose in order to ensure that the required objectives are met without damage to person, property or the
works.

Specified excavation or payment line - means the excavation profile given on the drawings or determined by the Engineer for the works,
within which no unexcavated or loose material shall occur after the excavation is complete except as allowed within the specified
tolerances. It is also the line to which payment for excavation will be measured and made. No additional payment will be made for any
material excavated or removed beyond this line unless the Contractor can demonstrate that the over excavation was not attributable to
negligence or poor workmanship on his part and was due to adverse ground conditions.

Pre-splitting - entails blasting utilising closely spaced, parallel drilled holes of appropriate diameter along the intended final excavation
surface. These holes may either be vertical or drilled at the inclination specified to establish the specified line in the Contract
Documentation and/or shown on the construction drawings. Pre-split holes are charged with a reduced amount of explosive than those
for bulk blasting which is decoupled from the wall of the blast hole and may include spacing the explosive charges along the length of the
hole if required, i.e. deck charging. These holes are detonated simultaneously, prior to the main bulk blast, to create a single, clean,
continuous fracture plane in the rock along the line of drilled holes, thereby creating the final permanent excavation surface with negligible
or very limited damage.

Smooth blasting - entails drilling a line of closely spaced parallel holes along the intended final excavation surface, with a suitable
burden/spacing ratio and loading all the holes lightly with an appropriate amount of explosive, including decked charging if required. These
charged holes are detonated, as part of the main blast, but as the last row to be fired, thereby creating the final permanent excavation
surface with negligible or very limited damage.

Line Drilling - is a method of overbreak control which uses a series of closely spaced holes that are not charged to create a final excavated
surface with negligible damage.
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Cover blasting - entails covering the blast area with material or mats, loading holes lightly with an appropriate amount of explosive and
with a suitable burden/spacing ratio to control fly-rock.

Cushion/Buffer Blasting - comprises the separate removal of a protective zone of rock which has been purposely left within the specified
limits of excavation for flat areas and shallow slopes. Drilling for cushion blasting shall consist of a regular pattern of holes at appropriate
spacings and angles and to accurate depths.

The holes shall be lightly charged and detonated in relays to lift the rock progressively to form the final excavated surface without shattering
the surrounding rock.

Air Blast and Over Pressure - refers to the shock wave travelling through the air resulting from the detonation of explosives. It is
measured in decibels.

Back break - is the rock broken beyond the limits of the controlled perimeter blast line. Back break may result from blast damage and/or
from adversely oriented geological structure within the rock mass.

Burden - is the distance between an explosive charge and the nearest free face in metres. In multiple row blasting it is also the distance
between two adjacent parallel rows of holes to be fired in succession. Where a free face is available and used for blast design, the burden
is the distance between the toe position of the first or front line of the drill holes and the free face.

Explosive Charge - is the quantity, ie weight/mass of explosive to be detonated, measured in kilograms.

ANFO — Ammonium Nitrate Fuel Qil - is a bulk explosive comprising porous prilled ammonium nitrate with about 6% fuel oil (diesel or
kerosene) added to curb moisture absorption.

Column Charge - is the length of an explosive charge including any portion of hole drilled below the design grade, loaded in the drill holes
to be detonated during the blast.

Cut-off - is a portion of an explosive charge that has failed to detonate, either due to the initiation system failing to propagate the whole
blast or due to a cut-off in the system as a result of flyrock, ground movement, or system failure.

Decoupling - is the use an explosive charge having a smaller diameter than the diameter of the blast hole it occupies.
Bulk blasting - is the excavation of large volumes of material in a basting action.

Controlled Perimeter Blasting - comprises presplitting, smooth blasting, line drilling and cushion blasting techniques to minimize blast
vibrations and to optimally limit potential damage and back break to final permanent excavation faces.

Delay blasting - is the use of delay detonators or connectors to separate and delay the detonation of explosive charges in a single blast
according to a defined time sequence. This limits the amount of explosive detonated instantaneously and thereby limits the level of blast
vibrations generated.

Detonation pressure - is the pressure created in the reaction zone of the detonating explosive.

Drill cuttings - are the fine chippings of rock material which are produced in percussion drilling of the blast holes and blown out as the
hole advances.

Explosives - are chemicals and chemical mixtures which, when properly initiated, are rapidly converted into gases at high temperature
and pressure as the detonation wave propagates through the explosive column. Unconfined, a litre of explosive will expand to around 1
000 litres in milliseconds. Together with the shock wave of detonation, this results in extremely high breaking stresses in rock.

Free face - is any unconfined rock surface exposed to air — either natural or created by blasting, located some distance from the blast
hole, which reflects the compressional blast induced shock wave, turning it into a reflected tensional wave front which results in breakage
and fragmentation of the rock mass.

Flyrock - comprises rock fragments propelled through the air by the force of the explosion from a blast.

Fragmentation - is a measure to describe the particle (fragment) size distribution of the rock mass broken (fragmented) by the blast. It
is normally a measure of the extent to which the rock is broken into small pieces by a primary/bulk blast.

Ground vibration - is the ground movement caused by the stress waves emanating from a blast.

Half barrel - is the rounded intact rock surface of the blast hole formed by the drilling process which remains sculpted behind on the blast-
created rock surface.

Initiation - is the act of detonating explosives by appropriate means.
Maximum Instantaneous Charge - is the mass of explosive detonated simultaneously, within a single delay interval, as part of a blast.

Overbreak - is the amount of rock broken and removed by blasting, and/or subsequent scaling, beyond the specified excavation
limit/payment line.

Peak Particle velocity (PPV) - is the maximum speed of movement in a given direction of a rock or soil mass recorded as mm/s.

Secondary blasting - is blasting undertaken to further breakdown excessively large rocks produced by a blast or re-blasting a portion of
the rock mass which did not breakout as required and which remained behind.

Spacing of blast holes - is the centre to centre distance between adjacent drill holes in the same row.

Stemming - is the portion of the blast hole packed with inert material above the charge so as to confine and retain gasses generated by
the explosion during detonation, thus improving the fragmentation process. Inert material used in the stemmed section of the blast hole is
also referred to as stemming.

Toes - occur at the lower part of the blast near the base of the blast holes and represent a mass of rock that is not broken out by blast.
Toes may be caused by misfires, cut-offs or an excessive toe burden. Toes generally require secondary blasting for removal.
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A12.10.3 GENERAL

Implementation of controlled blasting techniques is mandatory for all excavations to limit and/or avoid as required, potential damage to
the remaining rock mass, excavated surfaces, infrastructure and property resulting from rock blasting activities. They also minimize fly
rock along active routes, within urban areas and within the proximity of any infrastructure or property that could be damaged.

Controlled blasting techniques include:

- Controlled Perimeter Blasting comprising presplitting, smooth blasting and line drilling and cushion blasting techniques to minimize blast
vibrations and to optimally limit potential damage and back break to final permanent excavation faces.

- Controlled bulk blasting, which limits the mass of explosives detonated simultaneously per delay in the body of the ground to be
excavated, away from the perimeter of the excavation. This is required to reduce ground vibrations to the specified minimum at potentially
vulnerable/strategic locations within the zone of influence of the blast. Controlled bulk blasting may affect fragmentation of the rock
adversely and could thereby impact on the cost of the loading, hauling and crushing of the rock, all of which the Contractor shall allow
and cater for in his programme and rates for undertaking these works.

- Providing a buffer zone of limited width, of reduced spacing, burden, charge mass and other special measures, for blasting the ground
between the controlled perimeter blast, and the controlled bulk blast. The buffer zone may either be detonated as part of the controlled
bulk blast or as a separate blast, subject to the approval or, instructed by the Engineer.

- Cover blasting shall be used in the vicinity of overhead services (e.g. telephone and power lines) where overhead services may be
damaged or affected by blasting activities. The cover blasting shall be such that it sufficiently protects overhead services to prevent any
damage to such services

Controlled blasting shall only be undertaken by suitably experienced and equipped blasting Contractors with at least 15 years proven track
record of having successfully undertaken controlled blasting techniques. The works shall be managed and controlled on an on-going daily
basis by a works manager/blasting Engineer with a proven track record of at least 15 years in the use of controlled blasting techniques.

In the event that the Contractor does not have the necessary experience he shall sub-contract this work to a suitably qualified, experienced
and appropriately equipped sub- undertaken controlled blasting techniques. The choice and appointment of a suitable Sub-Contractor shall
be subject to the approval of the Engineer.

A copy of all certificates issued to workmen to permit them to undertake blasting, and to the Contractor to cover the purchasing, storage and
transport of explosives shall be handed to the Engineer before any blasting work is undertaken.

In the event where excavation is undertaken along an existing route which needs to remain operational, road closures are required during
blasting and immediately thereafter whilst clearing of blast debris, which might have landed on trafficked lanes, takes place. To limit the
duration of total road closure per blast, and hence time required to clear spoil and repair any road surface damage, only limited sections
shall be blasted at a time. This restriction may limit the Contractor’s activities and production, and the Contractor shall make due allowance
therefore in his rates and programme.

The work shall be programmed so as to minimise blasting adjacent to constructed sections of the Works.

It should be noted that work shall only be performed by personnel listed by the Contractor. If personnel changes need to be made during
the project, works shall be suspended until replacement personnel are approved by the Engineer. Time lost due to incomplete
submissions, unacceptable submissions, or obtaining approval of replacement personnel will not be considered as cause for extension of
time or delay claims. All costs associated with incomplete, replacement, or unacceptable submissions shall be to the Contractor’s cost.

A12.10.3.1 Method Statements

.The Contractor shall prepare detailed method statements for each facet of the work describing key aspects such as construction
methodology, key plant, materials, personnel as well as any programme constraints of the envisaged construction process. The Contractor
shall follow published and proven South African and International Industry Guidelines and Standards for controlled blasting techniques
when preparing method statements and designing the blast patterns.

These method statements shall be prepared and submitted to the Engineer for approval prior to commencement of the blasting activities
within time scales specified. The onus lies with the Contractor to ensure that the information is obtained and that associated activities are
completed expeditiously before blasting operations commence to avoid any delays in the commencement, continuation and completion
of the required works. Unless otherwise specified or provided for in the Contract Documentation no permanent works shall be commenced
until the Engineer’s approval of the relevant method statement. The Contractor shall, however, remain responsible for all work-methods,
materials, plant and equipment used, notwithstanding acceptance by the Engineer.The Contractor shall be required to carry out trial blasts
to demonstrate that acceptable results will be obtained. The trials will be used to determine the appropriate combinations of drill hole size,
hole spacing, burden, explosive type and charge level, detonating sequence and delays between individual holes or rows of holes to
obtain the optimal desired outcome. Rock conditions may vary from place to place and trial blasts are needed to enable adjustments to
be made to drilling and blasting techniques and patterns for the relevant conditions.

Trial blasts, shall further be conducted as deemed necessary and /or as ordered by the Engineer for each set of rock mass
conditions/differing ground types.

Blasting for confined/restricted excavations requires separate trial blasts to be carried out, before productive work may commence for
these excavations. These sections shall be identified and agreed jointly between the Contractor and the Engineer on site as part of the
planning and preparations for the commencement of the trial blasts. Other than in the instance of confined/restricted excavations the
minimum length and depth of each test section shall be about 20 m and 7 m respectively.

The test sections for the trial blasts must as far as possible be undertaken within the volume of the material to be excavated, provided
that no charge may be detonated closer than 10 m from any final permanent excavated surface. If this is not possible, a suitable location(s)
within identical ground conditions, as close as possible to the site, needs to be identified and agreed to.

Ground vibrations and the damage to the rock surfaces and/or structures and infrastructure noted during the trials will be used to establish
the total safe allowable explosive charge to be detonated per delay which the Contractor will not be allowed to exceed for subsequent
production blasting.

The quality and adequacy of the results obtained will be jointly assessed by the Engineer and the Contractor and the relevant method
statements amended as agreed by both parties Once approved in writing by the Engineer, these shall become the method statements in
accordance whereby all blasting shall thereafter proceed for the relevant set of rock mass conditions/ground types.
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Notwithstanding, the Engineer may require revision and trial blasts from time to time if circumstances and/or ground conditions during
construction arise which warrants change. Trial blasts need to be undertaken and completed and the results accepted by the Engineer at
least 2 weeks prior to the commencement of productive work on the particular portion of the contract.

All successful trial blasts approved by the Engineer will be measured and paid for under the relevant drilling and blasting rates. No
extension of time or additional time, whatsoever, will be granted to the Contractor for the disruption or for additional associated costs for
carrying out trial blasts.

The Contractor shall make due allowance therefore in his programme. Allowance shall also be made for allow for the Engineer’s
assessment of constructed works, procedures followed, and materials and plant utilised and test data. Production work shall not be
permitted until it is shown and accepted by the Engineer that the Contractor possesses the necessary experience, plant and
equipment to carry out the works as specified in the Contract Documentation.

Once approved in writing by the Engineer, these shall become the method statements in accordance whereby the relevant portion of the
works shall henceforth be executed. Notwithstanding, the Engineer may require revision from time to time if circumstances during
construction arise which warrants change.

The supply of any information to the Engineer in respect of the controlled blasting techniques does not relieve the Contractor of his
responsibilities under the Contract

A12.10.3.2

The Contractor shall provide comprehensive details of all materials and equipment to the Engineer for his acceptance/approval as provided
for in the Contract Documentation within the time frames indicated in Table A12.10.3-1. Where relevant, evidence of compliance with the
appropriate specifications shall be provided.

Materials, design and process approvals

Due allowance shall be made for obtaining such information, resubmissions and re-designs, all to the required/approved standards,
methods and practices in attending to these requirements. No consideration for extension of the contract period will be entertained for
delays incurred in meeting these requirements.

Table A12.10.3-1: Approval requirements
Clause Approvals required Period
A12.10.3 Method Statements: Engineers approval of:
Method Statements and Blast Patterns for initial trial blasts. 2 W.ee"s prior to initial trial blasts for the

A12.10.7.1a) various sections
Submission of revised Method Statements and Blast Patterns | 1 week prior to production drilling and
for production blasting following satisfactory trials. blasting.

A12.10.5 Materials approvals: Engineers approval of:
A12.10.5.1 . T .
A12.10.5.2 Elf;plzzgg tt)ypgbgztaocrlgltfors Sl initiation sySggiand stemming 2 Weeks before trial blasts.
A12.10.5.3 prop y

A12.10.7 Process approvals: Engineer’s approval of:

A12.10.7.3 a)

- Preparation and clearing site for each and every blast. One day before setting out.

A12.10.7.3 b) - Mark-up and setting of blast holes One day before drilling.

A12.10.7.3 b) - Perimeter Blast hole orientation survey One day prior to charging.

A12.10.7.3 ¢) - Depth, spacing and approval of drilled holes ready for charging | One day prior to charging.

A12.10.7.2 c) Engineer approval that equipment for vibration and over | No charging up or blasting pending
pressure monitoring equipment is in place and in working order | approval.

A12.10.7.3 1) Post blast Inspection and approval by the Engineer Elg(;:i:‘ogcontmumg with drilling and
Assessment of preparatory works rock support Egr?;hto drilling and blasting for next
Disputes/variations

A12.10.8.1 Engineer/Contractor disagreement on an outcome of any blast | Works stopped pending receipt of
independent specialist’ report

A12.10.7.3 1) Submission of a revised blast pattern when variation in ground | Engineer's approval required before
conditions is encountered further drilling and blasting

A12.10.7.3g) Contractor to submit Required Records timeously Drilling and Blasting shall only

commence receipt of the required
records
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The Contractor shall comply with the above requirements and shall furthermore give the Engineer at least 24hrs written notification in
respect of requests for required inspection(s).

The Contractor shall, notwithstanding his responsibility to design all the blasting required for the contract as per Clause A12.10.4: Design
by Contractor and /or in the Contract Documentation, comply with the requirements regarding the timeous provision of and the Engineer’s
approval of method statements, materials and processes as detailed above, in Table A12.10.3-1: Approval Requirements, and as further
specified in these specifications. This is to ensure that the appropriate processes and materials are employed and, in view of the
permanence of the results, the avoidance of undesirable outcomes.

A12.10.3.3 Notification of blasting to all relevant and affected parties

The Contractor shall give 7 days provisional written notice to all parties engaged on site, relevant authorities and the media of any blasting
to be undertaken. The Contractor shall thereafter confirm this provisional notification as a final notification in writing to the relevant and
affected parties 24 hours before it is to be carried out. The notification shall show the location of and the intended time of each blast and
the contact details and name of the licensed blaster and shift foreman responsible.

Any delay or postponement of any blasts after notifications have been issued shall be conveyed in writing to all relevant and affected
parties immediately and if relevant a revised date and time advised.

A12.10.4 DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS

The Contractor shall design all blasting required for the contract. A suitably qualified and experienced specialist in the field of controlled
blasting, the credentials of whom have been accepted by the Engineer, shall sign off on the method statements and shall guide the design
of each blast.

The approved specialist shall visit the site of the works on a regular basis and at appropriate times to appraise himself on an on-going
basis of the nature and quality of the Contractor’s work and the outcome of the blast results. He shall submit a written report on each and
every visit undertaken, the table of contents of which will be agreed with the Engineer on site at the commencement of the contract or
variations as may be agreed. The report will be submitted via the Contractor to the Engineer within one week of the site visit. The approved
specialist shall attend all technical meetings which deal with any aspect relating to drilling and blasting on the contract when required.

If a suitably qualified and experienced specialist is not in the full time employ of the Contractor, the Contractor shall appoint such a
specialist at his own cost. All costs associated with procuring the services of the approved blasting specialist and the inputs required will
be deemed to be covered in the Contractor’s rates for undertaking the works.

The Engineer may also in turn appoint a specialist of his choice to undertake independent reviews of the Contractor’s blast designs and
method statements. Acceptance by the Engineer or the independent specialist employed by the Engineer of any method statements, blast
designs or proposals made by or on behalf of the Contractor, does not relieve the Contractor of his responsibilities and obligations under
the contract.

A12.10.5 MATERIALS
A12.10.5.1 Explosives

All explosives proposed to be used by the Contractor are subject to acceptance by the Engineer. The explosives shall be of such quality
and power and shall be used in such locations as will achieve the desired result. The firing systems of blasts shall be controlled using
reliable approved delay detonators with the requisite degree of accuracy as per submitted design.

The Contractor shall submit comprehensive product data, specification and performance sheets produced and certified by the
manufacturer and relevant testing authority as might apply.

a) Controlled perimeter blasting

Only cartridge explosives, prepared specifically for pre-splitting and smooth blasting, packaged by explosive manufacturing firms and
accepted by the Engineer, will be permitted for use in controlled perimeter blasting. Appropriately spaced charges will be used in the case
of presplitting.

No bulk explosives (such as ANFO) or pumped emulsions shall be used in pre-split, smooth and buffer blast holes.

Maximum diameter of explosives used in pre-split holes shall be less than half the diameter of the pre-split hole unless otherwise approved
by the Engineer.

Use of detonating cord may be used in certain applications for pre-splitting and smooth blasting if proven to be successful during trial
blasts and provided there are no environmental constraints on its use.

b) Controlled bulk blasting

Only standard cartridge explosives prepared and packaged by explosive manufacturing firms and accepted by the Engineer shall be
permitted for use in controlled bulk blasting.

No bulk explosives such as ANFO or pumped emulsions shall be used in controlled bulk blast holes.

A12.10.5.2 Detonators and initiation systems.

The desired outcome of controlled blasting, in particular where bulk blasting is combined with controlled perimeter blasting is critically
dependant on interactions between blast holes. All blasting shall be undertaken using delay detonators and may also require electronic
initiation systems to ensure that the required time interval between successive blast holes or rows of blast holes as per the designed
sequence is achieved.

All detonators and initiation systems proposed to be used by the Contractor are subject to the approval of the Engineer. The Contractor
shall submit comprehensive product data, specification and performance sheets produced and certified by the manufacturer and relevant
testing authority as might apply.
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Use of capped fuse and igniter cord shall not be allowed unless warranted under special conditions and shall be subject to approval by
the Engineer.

A12.10.5.3 Stemming

Stemming may only be used with the explicit written approval of the Engineer and the materials used shall be subject to the approval of
the Engineer. As a guideline, when in soft to hard rock, stemming shall consist of drill cuttings sourced from the drilling operation. In hard
to extremely hard rock, stemming shall be clean crushed rock with a mean size between 5 % and 10 % of blast hole diameter. The final
selection of the stemming material for each blast shall be subject to acceptance by the Engineer.

A12.10.6 CONSTRUCTION EQUIPMENT

Drilling shall be undertaken by suitable drills rigs with adequate air flushing to remove drill cuttings efficiently and shall also be equipped
with effective dust suppressing and collecting equipment in urban environments.

All drill rigs and equipment shall be in good working order and capable of producing straight holes to required depths, dimensions,
tolerances, direction and inclination. Should the type of rig and/or equipment prove inappropriate for the requirements or conditions on
site, these shall be replaced by suitable equipment at the Contractor’s cost. The drill rig/fequipment shall be able to complete all drilling
operations, without loss of direction or inclination, in all materials.

Drill bits to be used shall be selected to match the various rock types and rock mass conditions.

A12.10.7 EXECUTION OF THE WORKS
A12.10.7.1 General

a) Benched excavation and rock support

The excavation will be undertaken in a series of benches, as it becomes deeper, strictly in accordance to the lines and levels indicated on
the approved construction drawings. A maximum step out of 1,0 m to allow collaring of the drill rig, for drilling the following bench, will be
allowed. In this regard the Contractor shall scrutinize the approved construction drawings for constructability purposes prior to
commencing with setting out to ensure that the designed excavated profile can be achieved.

The Contractor’s attention is drawn to the possible restriction that rock support may need to be installed within the excavation cycle to
stabilise the rock cuttings, thereby interrupting normal production. In this instance the maximum depth of any blast will not exceed 10m,
or such depth as may be specified by the Engineer that can remain temporarily unsupported, whichever is the lesser.

Drilling and blasting of successive benches may not proceed until such time as the required rock support of the preceding bench has been
installed as is installed and tested as required by the Engineer. The Contractor shall allow for the costs and disruption in his rates and
programme for completing the drilling and blasting work.

b) Quality and finish of remaining rock

The Contractor shall ensure that his drilling and blasting techniques do not result in damage to permanent excavated surfaces. The
Contractor shall ensure that his blasting techniques will minimize blasting induced fractures or disturbance on the rock mass outside of
the excavation line so preserving the rock in the soundest possible condition. The required result of all controlled perimeter blasts is a
uniform, clean, even undamaged intact fracture surface without unwarranted overbreak and with the surface of the remaining half barrels
of the drill holes intact, with no or minimal fracturing visible within them, all within the tolerances specified.

The Contractor shall accept full responsibility for the quality of the remaining rock surface after a blast and shall make good, at his own
expense and as directed by the Engineer, any over-excavation and stabilisation of the rock necessitated by unwarranted blast damage.
The Engineer may instruct the Contractor to modify his method of drilling and blasting and to undertake further blasting trials if the required
results are not obtained.

In the event of a disagreement between Engineer and Contractor regarding whether a given result rejected by the Engineer can or cannot
not be improved upon, all work on drilling and blasting shall stop in that section of the works. The Contractor and the Engineer shall agree
upon a recognised, suitably qualified and experienced independent specialist, who shall inspect the section of works in question and
provide an opinion whether :

- the results are either acceptable in the opinion of the independent specialist and the Contractor may continue, or,

- they can be meaningfully improved upon in the opinion of the independent specialist, in which case further trial blasts with revised
patterns are undertaken before production work may proceed.

The opinion will be binding on both parties. The works shall thereafter proceed in accordance with the revised blast pattern(s), procedures

and recommendations approved and made by the independent specialist.

All costs associated with procuring the services of the specialist will be for the Contractors’ account. The Contractor shall furthermore not

be entitled to any extension of time or extra costs caused by the delay or disruption in halting the work and obtaining the services of the

independent specialist.

c) Fragmentation

The controlled bulk blast shall be designed and optimised so that a minimum of oversize material is produced (a maximum particle size
of 600mm). The Engineer shall have the right to order the Contractor to adjust his blasting pattern and/or carry out secondary blasting or
other measures to reduce the size of the rock at his own cost, should he be of the opinion that the Contractor is not taking sufficient care
to produce rock meeting the requirements.

d) Stemming

No stemming of pre-split holes will be allowed, and these shall be fully vented, except where considerations of noise are overriding.
Stemming may only be used for other blasting methods with the explicit written approval of the Engineer.
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The length of stemming required for controlled bulk blasting is generally significantly greater than that for bulk blasting and is dependent
on rock properties/conditions and degree of confinement and can vary from 20 to 60 times blast hole diameter. Other factors to be
considered include :

- Rock conditions

- Blast hole diameter

- Bench height

- Burden

- Explosive strength and density
- Charge length

- Flyrock control

- Air blast limitations

However, if the blast area is well covered or when drilling through thick topsoil, appropriate stemming lengths need to be agreed with the
Engineer.

A12.10.7.2  Ground vibration, air blast and fly rock monitoring

The lump sum tendered under this item shall include for providing and operating all equipment necessary to successfully monitor all
blasting operations and thereby the Contractor’'s compliance with the specification. It shall include for all incidentals necessary to operate,
process and report results from the equipment.

a) Monitoring plan and pre-blasting baseline census and survey

Unless otherwise specified all blasts shall be monitored for ground vibrations, air-blast and by high speed video recording at/from
locations/monitoring stations to be agreed with the Engineer. The Contractor shall engage the services of an independent, suitably
qualified and experienced reputable specialist consultant(s), accepted by the Engineer to carry out the monitoring and record the requisite
data. A minimum of two monitoring stations will be required to be in operation for each and every blast.

The monitoring records of each blast shall show the date, time, weather conditions, location, the type and amount of explosive used, the
maximum mass of explosive charge detonated instantaneously and any other relevant data as may be required.

A monitoring plan, indicating the locations of measurement points shall be submitted to the Engineer for approval four weeks prior to the
commencement of blasting operations. Monitoring shall include a base-line measurements/census carried out, no more than 10 calendar
days prior to blasting indicating the condition of all potentially impacted infrastructure and structures, including cracks and crack widths
prior to blasting activities. Thereafter key points/most critical and sensitive structures identified from the census will be inspected
immediately after the first two blasts and reported upon and then again once blasting is completed.

Where blasting is conducted over an extended period, regular inspections and censuses, at least at monthly intervals, are required. The
consultant will be required to provide a fully documented and illustrated report within 2 weeks of conducting out an inspection.

Where complaints are received of damage caused by blasting, the Contractor shall immediately investigate such and submit a written
report to the Engineer on each complaint. If considered valid, the Engineer will instruct the Contractor to obtain a written report from the
specialist consultant. The Contractor shall not proceed with any further drilling and blasting on that section of the work until he has been
advised accordingly.

In the event of the laid-down vibration parameters set out in Table A12.10.7-1 or those that may be subsequently agreed to following
blasting trials for the various sections of the works being exceeded or in the event of a valid recording not being made available as required
by these specifications, the Engineer reserves the right to ascertain by whatever means, whether damage was caused by the blast within
its potential zone of influence. All costs incurred in establishing such possible resultant damage and the repair thereof will be to the
Contractor’s account.

b) Establish Site Specific Parameters
(i)  Ground Vibrations

At the onset of the works and as part of the first blasting trials, the Contractor shall record the peak particle velocities (PPV)
using triaxial seismographs and over-pressure using approved industry standard equipment to establish the relationship
between these parameters and the distance from the blast and mass of explosives detonated instantaneously. The apparatus
shall have the capability of providing both continuous paper trace and digital/analogue records of the data required.

This monitoring and evaluation of the damage to the rock surfaces will be used by the Engineer to establish the total allowable
explosive charge to be detonated per delay and detonation patterns and sequences which the Contractor will not be allowed
to exceed for subsequent production blasting.

The guidelines for the maximum allowable Peak Particle Velocity (PPV) to prevent damage to structures given in Table
A12.10.7-1 shall be adhered to for blasting trials. They will be assessed against results recorded and observed consequences
and where necessary the maximum PPV’s shall be reduced. The allowable maximum PPVs shall not be increased
irrespective of the outcome of observations during blasting trials.

Table A12.10.7-1: Guidelines for the Allowable Peak Particle Velocity to Prevent Damage (at 50Hz)

Structure under consideration Maximum PPV (mm/s)
Onset of fracturing of rock 250
National roads /Asphalt roads 150
Heavily reinforced concrete structures 120
Property owned by the concern performing blasting operations where minor plaster cracks are 84
acceptable

Strong masonry walls 50
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Steel pipelines 50
Commercial property in reasonable repair 25
Concrete more than 10 days in age 20
Private property 10
Green Concrete i.e. less than 3 days old 5

Note: The onset of damage is a function of the frequency of the vibrations, namely the lower the frequency the lower the limit will be for
the onset of damage. The higher frequencies from the blast are first to be attenuated as the vibrations propagate from the source of the
blast and are therefore the lowest frequencies that propagate the furthest. The onset of damage is also dependant on the resonant
frequency of the structures/infrastructure under consideration. The limits presented in Table A12.10.8-2 are typically for the higher
frequency limits, greater than 50 Hz. No more than 5 % of the results shall exceed these limits. The final thresholds for the various
elements of the contract will be established from the trial blasts.

At the onset of blasting trials, estimates of Peak Particle Velocity at any distance D in metres for the weight E in kg of explosive detonated
instantaneously may be made from Equation 1, namely:

PPV = a(%)b ............................. 1)

Where a and b are site specific constants.

Initial values of a = 1140 and b = -1.65 which are common practice in South Africa, shall be used for the initial trials until such time as site
specific constants are established.

(i) Air blast

A guideline for the level of perception for various levels of blast pressure and allowable blast pressure is presented in Table
A12.10.7-2. These guidelines shall initially be adhered to for blasting trials. They will be assessed against results recorded

and observed and where adjudged necessary adjusted as required.

Table A12.10.7-2: Levels of Perception and Allowable Limits of Blast Pressure

Level of perception Blast Pressure (dB)
Readily acceptable — rattling of lose windows/doors/ceiling panels 110
No more than 10% of measurements should exceed this value. 128
No measurements at any residential or sensitive structures should exceed this limit. 134

Less than 10% of blasts shall be allowed to produce an air blast pressure of more than 128dB at the closest identified sensitive location,
and no blast shall generate air blast pressures greater than 134dB.

At the onset of the blasting trials, estimates of air blast at any distance D in metres for the weight E in kg of explosive detonated
instantaneously may be made from Equation 2, namely:

PPV = a—blog (%)b ............................. @)

Where a and b are site specific constants. Log is log to base 10.

The initial values of a = 165 +2 0 for confined blasts and a = 195 for unconfined blasts. The decay factor b ~24. These values of a and b
are common practice in South Africa shall be used for initial trials until such time as the site-specific constants are established.

The Contractor shall monitor blast induced ground vibration and air blast levels for each blast. The Contractor shall have sufficient
measuring equipment (triaxial seismographs) permanently deployed on site, at the requisite strategic locations, for the duration of drilling
and blasting operations to record ground vibrations, air blast and fly rock for all blasts. The equipment shall be correctly set up to capture
the full event without exceeding respective sensitivity ranges. The Contractor shall confirm in writing that the equipment is fully operational
and appropriately set up 24hrs before commencing to charge any blast and then again immediately prior to detonating the charge.

(i) Fly Rock

The Contractor is required to establish a fly rock risk zone defining the area where fly rock may extend to. This zone shall be
cleared before each blast. As fly rock is conservatively considered to be a function of mean predicted blast fragment size and
drill hole diameter, fly rock risk zones need to be established for the various blast configurations from the trial blast. Mean
predicted blast fragment size is typically determined by way of the KuzrRam model of Cunningham as part of the blast design,
see reference 1.

At the onset of blasting trials, minimum estimates of throw distance L which must be cleared, shall obtained from estimated
the graphs for throw distance L in metres for various mean fragment sizes and blast hole diameters presented in Fig 1 below
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Figure 1 — Maximum throw of boulders (Lundborg, 1981)

A12.10.7.3 Process

a) Preparation

Prior to drilling, the Contractor shall commence by removing all overburden, rippable rock and loose material over the area to be excavated
to expose the rock requiring controlled blasting. This clearing will extend at least 5,0 m beyond the perimeter of the required blasting
limits. Thereafter, depending on the depth of excavation required, blasting will continue in a series of benches/lifts.

Once the slope is scaled of all loose rock and the required support is installed, it shall be cleared of all loose fist size rock and greater,
whereafter setting-out and drilling of the following bench may commence.

The Engineer’s approval of the clearing shall be obtained one day before the setting out of the holes.
b) Drilling

The Engineer’s approval of the setting out shall be obtained one day prior to drilling of any blast holes. Drilling accuracy, both to line and
level, is of prime importance, especially for controlled perimeter blasting. The Contractor shall take particular care to accurately set out
sight lines and guiderails to control alignment, inclination and depth of blast holes

Individual bench heights/lifts shall not exceed 10 m, or that dictated by the rock support requirements indicated in the Contract
Documentation, drawings or as determined by the Engineer, whichever is the lesser. The Contractor shall provide safe and appropriate
access and opportunity in his programme for subsequent necessary scaling, inspections and mapping by the Engineer and for the
installation and testing of rock reinforcement and support as may be needed.

Blast holes shall not be greater than 75 mm in diameter, unless the Contractor can conclusively convince the Engineer by demonstrating
by way of successful trial blasts, that a larger diameter is preferable.

Holes shall be accurately set out and collared to within 75 mm of the position indicated on the blast pattern design within the volume of
rock that requires to be excavated. No hole may be set out or collared behind the excavation line.

For controlled bulk blasting, cushion and buffer blasting blast holes should not deviate more than 2 %, once collared, from the plane of
the planned slope nor and the end of a hole in the plane of the slope should not, deviate more than 2 % of the height of the benchl/lift,
from the targeted horizontal position. For controlled perimeter blast holes required tolerance of the deviation of the blast holes shall be 1
% as specified above.

The Contractor shall undertake and submit the results of a blast hole orientation survey to the Engineer for approval of all blasts one day
prior to planned charging of blast holes. No more than 5 % of the holes shall deviate from the specified tolerances.

Holes, which upon orientation measurement, deviate more than specified percentage (%) from the plane of the slope, or the ends of which
deviate more than the specified % of the height of the bench/lift, shall not be charged up, save that 5 % of these holes, provided that the
deviation does not exceed 2 % in the case of perimeter holes and 3 % in the case of bulk, cushion and buffer blasting, may be charged
as agreed with the Engineer. The remaining out of tolerance holes shall instead be fully filled with stemming and abandoned and a new
hole drilled to replace it.

Holes which are over drilled by more than 100 mm of the required depth, shall be stemmed up to the required depth before charging takes
place.

Holes for line drilling shall comply with the requirements for bulk blast drilling. Holes shall be strictly drilled at 300 mm centre to centre.
Where instructed or approved by the Engineer additional holes shall be drilled to create the desired final excavated surface with negligible
damage.

Spacing of pre-split holes shall be such that the result is a uniform, clean, undamaged intact even fracture surface between holes. Any
spacing greater than 450 mm shall be subject to the Contractor being able to demonstrate to the Engineer that the required tolerances
and a uniform undamaged intact even surface is produced. Notwithstanding the above the maximum allowable hole spacing shall be 750
mm.

Pre-split holes shall extend to at least 200 mm, but not more than 500 mm, below the level of the bulk blast holes.
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The line of pre-split holes shall extend beyond either end of the excavation for a distance not less than 10 m beyond the limit of controlled
bulk holes to be detonated, or to the end of the cutting as applicable.

The Contractor shall drill one or more rows of buffer holes with reduced charge and burden, adjacent to and inside the pre-split line in
such a manner as to avoid damage to the pre-split surface. The buffer holes may not be closer than 1,25 m from the presplit line of holes.

The Contractor shall adjust his drilling operations to compensate for drift of previous levels and for the offset at the start of new levels to
maintain the overall specified sloped plane shown on the drawings and cross sections.

c) Charging Up

Twenty four hours prior to charging up or blasting each and every blast, the Contractor shall demonstrate to the Engineer during a joint
inspection that all vibration and over pressure monitoring equipment is in place and that the equipment is in 100 % in working order. The
Contractor shall provide the Engineer with written confirmation of the foregoing.

The explosive charge of a pre-split or smooth blast shall be decoupled from the wall of the blast hole and the air space between explosive
charge and the hole, as may have be established from blasting trials and approved by the Engineer, shall remain open.

The bottom charge of a pre-split or smooth blast hole may be larger than the line charges above it but shall not be large enough to cause
damage or excessive back-break of the remaining rock face. The top charge of the pre-split and smooth blast holes shall be placed far
enough below the collar to avoid over-breaking and cratering the surface.

All charges shall be accurately made up and inserted into the holes at the correct spacing, and all holes shall be correctly stemmed and
linked in the correct sequence with detonators being correctly delayed to ensure the required sequence and timing of detonation and to
eliminate the possibility of live charges remaining after detonation.

d) Sequence of Detonation
(i)  Pre-splitting

Dependant on the outcome of the trial blasts, and/or the project requirements, the Contractor may either detonate the pre-
split holes:

- Simultaneously , prior to and well in advance of the controlled bulk drilling and blasting which may be done several weeks
of months later, or

- Simultaneously , but at least 50 milli-seconds ahead, or such time interval as established from the trial blasts, of the first row
of bulk blast holes.

- These holes are detonated simultaneously, prior to the main bulk blast
(i) Smooth blasting

The row of smooth blast holes is detonated last, after the bulk blast, at least 50 milli-seconds, or such time interval as
established from the trial blasts, after the row of buffer holes nearest to the smooth blast line is fired.

(iii)  Controlled bulk blast

Controlled bulk blasting entails sequentially detonating single rows of blast holes, or portions thereof, starting with the row
closest to the free face farthest away from the line of pre-split or smooth blast holes. The sequence of detonation of the rows,
or portions of rows must progress in steps, using adequate delay intervals to limit the mass of explosive detonated
simultaneously so as to keep ground vibrations to safe limits established for the contract by blast trials.

e) Variation in Conditions

The Contractor shall immediately notify the Engineer of changed conditions. All drilling and blasting work shall immediately stop. Prior to
commencing with or carrying out any further drilling and blasting, the Contractor obtain the Engineer’s approval to proceed with one of the
prior approved blasting patterns as determined from the trial blasts.

Should it come to the Engineer’s attention that conditions have changed he will instruct the Contractor to halt all work immediately and to
investigate such. The Contractor shall obtain the Engineer’'s approval of which prior approved drilling and blasting pattern he intends
changing to prior to proceeding with any further excavation.

Should conditions be encountered during execution of the works for which no trial blasts were undertaken, the Contractor shall undertake
further trials as agreed with the Engineer before continuing with further productive drilling and blasting on that section of the works.

f) Post blast requirements

On completion of a blast, the blast created surface/slope shall be scaled and made safe. All blasted material shall be removed along the
entire length of the blast and shall be inspected and approved by the Engineer prior to further trial/production drilling and blasting.

The Engineer’s approval of the preparation, setting out as well as the subsequent installation, testing and proving compliance of any rock
support required shall be obtained before any further drilling and blasting pertaining to the next bench of the section of the site under
consideration commences.

When completed, the excavated surface (face) of the cutting shall conform to alignment, inclinations and tolerances as shown on the
drawings or as might be directed by the Engineer in writing during the execution of the works. The excavated profile shall be checked for
line, level and under-break using methods agreed with and approved by the Engineer. Rock protruding more than the allowable tolerance
within the payment line shall be removed with mechanical breakers, or other approved non-detonating explosives.

Should the Contractor excavate to dimensions in excess of those specified or instructed by the Engineer, whether to remove damaged
material or for reasons of safety or for his own convenience, he shall at his own expense and when required by the Engineer, fill in the
excess excavation with concrete or shotcrete of approved quality or with other material approved by the Engineer, or carry out additional
trimming to the satisfaction of the Engineer.

All work required and possible delays which result from the Contractor having to remove underbreak as well as having to re-install rock
support damaged when removing underbreak, shall be carried out without additional payment or extension of time.
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g) Records

Without in any way relieving the Contractor and his personnel of their responsibilities in terms of the Explosives Act No.26 of 1956, or any
subsequently promulgated relative legislation, the Contractor shall survey and record the actual location of every hole loaded, the charge
and timing of every hole, as well as the intended drilling pattern, loading and type of charge in each blast for submission to the Engineer
and shall allow the Engineer access to all records maintained for the Inspector of Explosives or Government Mining Engineer as the case
may be.

Within 24 hours after every blast the Contractor shall provide the following information to the Engineer:
- Details of the actual total mass of explosives used,

- The approximate volume of material loosened or area pre-split/smooth blasted,

- The maximum simultaneous mass of explosives detonated within the delay intervals, and

- Blast vibration and over pressure and other monitoring results ( including video/s of flyrock).

Should the Contractor fail to submit this information as required , the Engineer may instruct that no further drilling or blasting be undertaken
until such time as the required information has been received. Any ensuing delay or disruption to the Contractor’s programme will be for
his own account.

The supply of any information to the Engineer in respect of controlled blasting techniques does not relieve the Contractor of his
responsibilities under the Contract.

h) Use of non-detonating explosives

Blasting shall not be carried out within 10 m of any works, infrastructure or structure, unless otherwise agreed to in writing by the Engineer.
Furthermore, whenever, in the opinion of the Engineer, there is careless or inappropriate use of explosives or where the Engineer
considers that further blasting might damage the rock, use of detonating explosives shall be discontinued. In the event of the foregoing
the excavation shall be undertaken/completed by either one of the following, namely, propellants, swelling agents, hydraulic wedging or
mechanical breakers. In these circumstances, and unless the said conditions and quality of the rock could not have been foreseen, the
Contractor shall not be entitled to any additional compensation or extension of time and he shall be reimbursed at the rates tendered for
the work as though it had been undertaken by means of detonating explosives.

i)  Restrictions
In addition to the normal statutory restrictions and regulations, blasting shall not be permitted:

- When there is low dense cloud cover of more than 50 %

- When the wind velocity is greater than 10 km/h towards the area of concern

- Before 09h00 and after 16h00

- On Sundays and public holidays

- Unless timeous notifications have been issued to the appropriate parties as per Clause A12.10.3.4.

A12.10.8 WORKMANSHIP
A12.10.8.1  Adequacy of the results

If at any time The Engineer finds that the methods of drilling and controlled blasting employed do not, in his opinion, produce desired the
results of a uniform slope and clean fractured surface without overbreak and with minimal blast damage, all within the tolerances specified;
or result in excessive ground vibrations and damage, he may issue a written instruction to the Contractor to immediately suspend all
drilling and blasting Following this, the Contractor shall investigate and submit a written report on the cause of the alleged inadequate
results and/or damage and submit a revised drilling and blasting pattern for approval by the Engineer.

In this instance the Engineer may order that further successful blasting trials be undertaken before full production may continue with the
revised pattern.

Should a disagreement between the Engineer and the Contractor arise and the Contractor contends that a given result rejected by the
Engineer cannot be improved upon, the Contractor has recourse to Clause A12.10.7.1c) and can call for the opinion by an agreed
independent blast specialist and proceed accordingly.
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B12.10 HARD EXCAVATION BY BLASTING

PART B: LABOUR ENHANCEMENT

CONTENTS

B12.10.1 SCOPE

B12.10.2 DEFINITIONS

B12.10.3 GENERAL

B12.10.4 DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS
B12.10.5 MATERIALS

B12.10.6 CONSTRUCTION EQUIPMENT

B12.10.7 EXECUTION OF THE WORKS

B12.10.8 WORKMANSHIP

B12.10.1 SCOPE

The provisions of Part A shall apply.

B12.10.2 DEFINITIONS

The provisions of Part A shall apply.

B12.10.3 GENERAL

The provisions of Part A shall apply.

B12.10.4 DESIGN BY CONTRACTOR/PERFORMANCE BASED SYSTEMS

The provisions of Part A shall apply.

B12.10.5 MATERIALS

The provisions of Part A shall apply.

B12.10.6 CONSTRUCTION EQUIPMENT

The provisions of Part A shall apply.

B12.10.7 EXECUTION OF THE WORKS

The provisions of Part A shall apply.

B12.10.8 WORKMANSHIP

The provisions of Part A shall apply.
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C12.10 HARD EXCAVATION BY BLASTING

PART C: MEASUREMENT AND PAYMENT

(i) Preamble

The tendered rate for each pay item shall include full compensation for providing, operating, maintaining and decommissioning upon
completion, of all the construction equipment, labour, tools, incidentals and supervision to carry out the activity or construct the works in
the pay item as specified, unless otherwise stated.

Any prime cost or provisional sums shall be paid in accordance with the provisions of the conditions of contract. The charge or mark-up
tendered or allowed for is a percentage of the amount actually paid under the prime cost or provisional sum. This percentage shall
cover all the Contractor’'s handling, supervision, profit and liability costs to provide the services in the prime cost or provisional sum item.

The requirements of Clauses C1.1.1, C1.1.2 and C1.1.3 of Chapter 1 shall apply.

Where pay item descriptions include any wording in brackets it is an indication that contract specific information is to be inserted in the
Pricing Schedule included in the Contract Documentation.

(ii) Notes on measurement and pay ltems

1. Unless otherwise ordered or stated in the Contract Documentation, trench depths will be measured from the surface of the ground along
the centre-line of the trench to the bottom of the specified bedding layer (as applicable). Where no bedding is required it shall be
measured to the underside of the duct or pipe.

2. The ground surface will be that existing after any bulk earthworks have been carried out, i.e. the excavated surface or embankment
surface, unless a different sequence of execution has been ordered.

3.  Excavations will be measured as if taken out with vertical sides, regardless of whether they have been taken out with sloping sides.

4. The length used for trench computations will be the total through-length of a pipe or duct etc. from end to end and no deduction will be
made for manholes or access chambers etc.

5.  Wherever volumetric measurement is required, the volume will be computed from the depth determined as indicated in 1. and 2. above
and using the authorised width (W) determined in accordance with the specification.

6. Where shoring is specified or ordered, the length of shoring measured for payment will be the length of the centre-line of the trench.

(iii) Items that will not be measured separately

The following activities, whether required to complete the specified work or not, will not be measured and paid for separately and the
Contractor shall include the cost thereof in other pay items as the Contractor deems appropriate:

1. No separate payment will be made for backfiling excess excavations, disposing of surplus material etc. or any other contingent work,
unless the work is specifically specified or ordered.

2. No separate payment will be made for setting out the works.

3. No separate payment will be made for the protection or repair as required of any existing or new road furniture, structures, buildings,
infrastructure or services damaged by the Contractor’s activities and for complying with all the requirements of Clause A2.1.3.4.

4. No additional payment shall be made, nor shall any claim for additional payment be considered, for any specified work in confined or
restricted areas. Any additional costs associated with working in confined or restricted areas shall be deemed to be included in the
standard applicable pay items.

5. No separate payment will be made for the loading of any materials.

6. No separate payment will be made for the hauling of any materials where the material is moved over a distance of less than, and up to,
1,0 km.

7. No separate payment will be made for transporting materials from commercial sources irrespective of the haul distance.

8. No separate payment will be made for the removal of any surplus material imported to complete the works.

(iv) Items to be measured and paid for using items specified elsewhere in the specifications

None

(v) Items specifically for this section of the specification

Item Description Unit

Cc12.101 Excavation in hard rock using controlled blasting techniques cubic metre (m®)

The unit of measurement shall be the cubic metre of rock excavated employing controlled blasting techniques in cuts, borrow pits and
quarries. The volume measured for payment shall be shall be the volume of the compacted earthworks or layerworks calculated using
the authorised dimensions for those works given in the Contract Documentation. The tendered rate shall include

- all costs in employing controlled drilling and blasting techniques in hard rock limiting the mass of explosive to be detonated
simultaneously to ensure that the required and specified limits of PPV are not exceeded and ensuring that all other conditions and
constraints as specified are satisfied.

- for any additional drilling, setting out, setting-up drilling equipment, special techniques, explosives or special explosives and any other
incidentals necessary to complete the blasting without any fly-rock and with minimal possible damage to the remaining rock.

- all additional costs and disruption to the Contractor's programme resulting from carrying out the required trial blasts and test sections.

No separate payment will be made for cushion blasting. The cost of using cushion blasting techniques shall be included in the rates for
excavation.

No separate payment shall be made for oversize material excavated to spoil.
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Item Description Unit

C12.10.2 Pre-splitting - base rate for holes @ 750 mm c/c square metre (m?)

The unit of measurement shall be the square metre of net fracture surface created that is measured on the payment cut slope line.
Measurement will only be made for pre-splitting carried out in accordance with approved pre-splitting specified in the Contract
Documentation and drawings, or as ordered in writing by the Engineer. The base rate covers all the activities and requirements specified
below, for creating a pre-spilt, with holes strictly drilled at 750 mm centre to centre.

The base rate tendered shall include for pre-splitting blasting trials, for drilling and charging the holes, any additional works such as but
not limited to moving all plant and equipment to the respective drilling site and moving between holes, setting-up drilling equipment, any
additional setting out and control measures, limited spacing and diameters of pre-split holes, any additional explosives and any other
incidentals necessary to complete the pre-splitting work as specified.

Item Description Unit

C12.10.3 Pre-splitting - compensation for additional holes metre of hole (m)

The unit of measurement shall be the metre length of pre-split hole drilled and charged over and above the total length required for the
base case, where charged holes are spaced at 750 mm c/c. Only those additional holes as instructed and approved by the Engineer in
writing prior to blasting will be paid for.

The rate tendered shall include for drilling and charging the additional holes, for moving all plant and equipment to the drill site and moving
between holes, for setting-up drilling equipment, any additional setting out and control measures, limited spacing and diameters of drilled
holes, and any other incidentals necessary to complete the additional drilling work as required.

Item Description Unit

C12.10.4 Smooth blasting - base rate for holes @ 1500 mm c/c square metre (m?)

The unit of measurement shall be the square metre of net fracture surface created that is measured on the payment cut slope line.
Measurement will only be made for work carried out in accordance with approved smooth blasting techniques specified in the Contract
Documentation and drawings, or as ordered in writing by the Engineer. The base rate includes all the activities and requirements specified
below, for creating a smooth blast, with holes strictly drilled at 1500 mm centre to centre.

The base rate tendered shall include for all smooth blasting trials, for drilling and charging the holes, any additional works such as but not
limited to moving all plant and equipment to the respective drilling site and moving between holes, setting-up drilling equipment any
additional setting out and control measures, limited spacing and diameters of smooth blast holes, any additional explosives and any other
incidentals necessary to complete the smooth blasting work as specified.

Item Description Unit

C12.10.4 Smooth Blasting - compensation for additional holes metre (m)

The unit of measurement shall be the metre length of smooth blast hole drilled and charged over and above the total length required for
the base case, where charged holes are spaced at 1500 mm c/c. Only those additional holes as instructed and approved by the Engineer
in writing prior to blasting will be paid for.

The rate tendered shall include for drilling and charging the additional holes, for moving all plant and equipment to the drill site and moving
between holes, for setting-up drilling equipment, any additional setting out and control measures, limited spacing and diameters of drilled
holes, and any other incidentals necessary to complete the additional drilling work as required.

Item Description Unit

C12.10.5 Line Drilling - base rate for holes @ 300 mm c/c square metre (m?)

The unit of measurement shall be the square metre of net cut slope that is measured on the payment cut slope line. Measurement will
only be made for line drilling carried out in accordance with approved line drilling specified in the Contract Documentation and drawings,
or as ordered in writing by the Engineer. The base rate includes for all the activities and requirements specified below, for creating a drill,
with holes strictly drilled at 300 mm centre to centre.

The rate tendered shall include for all line drilling trials, any additional works of moving all plant and equipment to the drilling site and
between holes, any additional works of setting-up drilling equipment, any additional setting out and control measures, limited spacing and
diameters of line drilled holes, and any other incidentals necessary to complete line drilling work as specified.

Item Description Unit

C12.10.6 Line Drilling - compensation for additional holes metre (m)

The unit of measurement shall be the metre length of uncharged hole drilled over and above the total length of uncharged holes required
for the base case, where uncharged drill holes are spaced at 300 mm c/c. Only those additional holes as instructed and approved by the
Engineer in writing prior to blasting will be paid for.

The rate tendered shall include for drilling the additional holes, for moving all plant and equipment to the drill site and moving between

holes, for setting-up drilling equipment, any additional setting out and control measures, limited spacing and diameters of drilled holes,
and any other incidentals necessary to complete the additional drilling work as required.
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D12.10 HARD EXCAVATION BY BLASTING
PART D: GUARANTEES AND COMPLIANCE CERTIFICATES

The Contractor shall provide detailed specifications and certificates from independent reputable agencies for all proprietary
casing/sleeves and materials proposed for use. These shall demonstrate conformance with the performance requirements stipulated
in the Contract Documentation.

CONTENTS

D12.11.1 SCOPE

D12.11.2 GENERAL

D12.11.3 PERFORMANCE GUARANTEE REQUIREMENTS
D12.11.4 FUNCTIONAL PERFORMANCE ASSESSMENTS
D12.11.5 VISUALLY ASSESSED PROPERTIES

D12.11.6 INSTRUMENTALLY ASSESSED PROPERTIES
D12.11.7 EVALUATION FOR ACCEPTANCE

D12.11.8 ADDITIONAL PROCEDURES TO BE ADOPTED IN THE EVENT OF FAILURE
D12.11.9 NOTIFICATION OF REMEDIAL WORK

D12.11.10 REMEDIAL WORKS

D12.10.1 SCOPE

The scope of this Section covers the following:
Guarantees and compliance certificates
- Product conformance specifications

D12.10.2 GENERAL

The Contractor shall submit comprehensive product data, specification, performance data and compliance certificates certified by the
manufacturer and relevant testing authority as might apply for all explosives, detonators and initiation systems within 28 days of entering
into the contract with the Employer.

D12.10.3 PERFORMANCE GUARANTEE REQUIREMENTS

The Contractor shall, within 28 days of entering into the contract with the Employer, submit to the Engineer conformance documentation
related to the specifications.
Conformance documentation shall be provided for the following:

Materials and Materials Design as per Clause A12.10.3

Materials as per Clause A12.10.5

Construction Equipment as per Clause A12.10.6

Execution of the Works as per A12.10.7

D12.10.4 FUNCTIONAL PERFORMANCE ASSESSMENTS

No specific items in this Section.

D12.10.5 VISUALLY ASSESSED PROPERTIES

No specific items in this Section.

D12.10.6 INSTRUMENTALLY ASSESSED PROPERTIES

No specific items in this Section.

D12.10.7 EVALUATION FOR ACCEPTANCE

No specific items in this Section.

D12.10.8 ADDITIONAL PROCEDURES TO BE ADOPTED IN THE EVENT OF FAILURE

No specific items in this Section.

D12.10.9 NOTIFICATION OF REMEDIAL WORK

No specific items in this Section.
D12.10.10 REMEDIAL WORKS
No specific items in this Section.
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A12.11 GEOSYNTHETICS

CONTENTS

PART A: SPECIFICATIONS

A12.11.1 SCOPE

A12.11.2 DEFINITIONS

A12.11.3 GENERAL

A12.11.4 DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS
A12.11.5 MATERIALS

A12.11.6 CONSTRUCTION EQUIPMENT

A12.11.7 EXECUTION OF THE WORKS

A12.11.8 WORKMANSHIP

PART B: LABOUR ENHANCEMENT
PART C: MEASUREMENT AND PAYMENT
PART D: GUARANTEES AND COMPLIANCE CERTIFICATES

PART A: SPECIFICATIONS
A12.11.1 SCOPE

This Section details only material specifications and uses of geosynthetics including their application as barriers, containment, drainage
(transmission), filtration, protection, reinforcement, separation, erosion control or as frictional interlayer systems. This Section does not
contain any Measurement and Payment items.

A12.11.2 DEFINITIONS

Geotextiles - are continuous sheets of woven, nonwoven, knitted or stitch-bonded fibres or yarns. The sheets are flexible and permeable
and generally have the appearance of a fabric. Geotextiles are used for separation, filtration, drainage, reinforcement and erosion control
applications.

Geogrids - are geosynthetic materials that have an open grid-like appearance. The principal application for geogrids is soil
reinforcement.

Geonets - are open grid-like materials formed by two sets of coarse, parallel, extruded polymeric strands intersecting at a constant
acute angle. This network forms a sheet with in-plane porosity that is used to carry relatively large fluid or gas flows.

Geomembranes - are continuous flexible sheets manufactured from one or more synthetic materials. They are relatively impermeable
and are used as liners for fluid or gas containment and as vapour barriers.

Geocomposites - are geosynthetics made from a combination of two or more geosynthetic types. Examples include geotextile-geonet;
geotextile-geogrid; geonet- geomembrane; or a geosynthetic clay liner (GCL). Prefabricated geocomposite drains or prefabricated
vertical drains (PVDs) are formed by a plastic drainage core surrounded by a geotextile filter.

Geosynthetic clay liners (GCLs) - are geocomposites, prefabricated with a bentonite clay layer typically incorporated between a top
and bottom geotextile layer or geotextile bonded to a geomembrane or single layer of geotextile. Geotextile-encased GCLs are often
stitched or needle- punched through the bentonite core to increase internal shear resistance. When hydrated, they are effective as a
barrier for liquid or gas and are commonly used in landfill liner applications often in conjunction with a geomembrane.

Geopipes - are perforated or solid-wall polymeric pipes used for drainage of liquids or gas (including leachate or gas collection in landfill
applications). In some cases the perforated pipe is wrapped with a geotextile filter.

Geocells - are relatively thick, three-dimensional networks constructed from strips of polymeric sheet. Strips are joined together to form
interconnected cells that are in-filled with soil and sometimes concrete. In some cases 0,5 to 1,0 m wide strips of polyolefin geogrids are
linked together with vertical polymeric rods used to form deep geocell layers called geomattresses.

Geofoam - blocks or slabs are created by expansion of polystyrene foam to form a low-density network of closed, gas-filled cells.
Geofoam is used for thermal insulation, as a lightweight fill or as a compressible vertical layer to reduce earth pressures against rigid
walls.
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A12.11.3 GENERAL

All materials used in the works shall meet the appropriate standards given below and/or specified in the Contract Documentation
and shall be subject to the approval of the Engineer. The contractor shall submit product certificates, conformance documentation
(as per Part D) related to the specifications, test results as required together with samples of materials and, where applicable, designs
that he proposes to use in the construction of the works to the Engineer for his acceptance/approval as provided for in the contract
documentation.

A12.11.3.1  Uses of geosynthetics

Geosynthetics may be used for a variety of tasks in geotechnical applications including:
a) Barrier

As a barrier to prevent migration of liquids or gases.
b) Containment

To contain soil or sediments to a specific geometry and prevent their loss. The contained fill takes the shape of the inflated at-rest
geometry of the geosynthetic container.

c) Drainage (also known as transmission)

To collect and transport fluids
d) Filtration

To allow passage of fluids from a soil while preventing the uncontrolled passage of soil particles.
e) Protection

As a localised stress reduction layer, to prevent or reduce damage to a given surface or layer.
f) Reinforcement

To resist stresses or contain deformations in geotechnical structures.
g) Separation

To provide separation between two dissimilar geotechnical materials, to prevent intermixing.
h) Surficial erosion control

To prevent surface erosion of soil particles due to surface water run-off and/or wind forces.
i)  Frictional interlayer

As a friction interlayer to increase or reduce friction across the interface.

A12.11.4 DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS

Not applicable here.

A12.11.5 MATERIALS
A12.11.5.1 General

Geosynthetic base materials may be:

- Polypropylene (PP),
- Polyethylene (PE),
- Polyamide/ Nylon (PA),
- High density polyethylene (HDPE),
- Low density polyethylene (LDPE),
- Linear low density polyethylene (LLDPE),
- Medium density polyethylene (MDPE),
- Very low density polyethylene (VLDPE),
- Chlorinated polyethylene (CPE),
- Chloro-sulphonated polyethylene (CSPE),
- Polystyrene (PS),
- Polyester or polyethylene terephthalate (PET),
- Polyvinyl chloride (PVC),
- Chlorinated Polyethylene (CPE),
- Ethylene Propylene Diene Monomer (EPDM),
- Expanded polystyrene (EPS),
- Geo Jute (GJ),
- Geo Coir (GC),
- Bamboo (B),
- Sisal (S),
- Straw (SW).
12-198



A12.11.5.2 Applications

Their use is restricted to the applications as detailed in Table A12.11.5-1.

Table A12.11.5-1: Applications of geosynthetics

Raw material Geosynthetic Product
Polypropylene , Polyester or polyethylene terephthalate, Polyethylene, Polyamide/ Nylon, .
- . Geotextiles

Geo Jute, Geo Coir, Sisal, Straw
Polyester or polyethylene terephthalate, Polypropylene, High density polyethylene, Geo .

: Geogrids
Coir, Bamboo, Straw
Poly Vinyl Chloride, Polypropylene, High density polyethylene, Low density polyethylene ,
Very low density polyethylene, Chlorinated polyethylene, Chloro-sulphonated polyethylene, Geomembranes
Geo Jute
High density polyethylene, , Geo Jute, Geo Coir, Sisal, Straw Geonets
High density polyethylene, Polypropylene, Polyvinyl chloride Geopipes
Expanded polystyrene Geofoams

Geosynthetics are made of different types of fibres or yarns including Monofilament, Silt-film monofilament, Multifilament, Silt-film
multifilament, Stable fibres, Stable yarn, Stable fibres, Filaments and Slit films.

Woven geosynthetics and knitted geosynthetics can be made of yarns including Monofilament yarn, Spun yarn, Multifilament yarn,
Fabricated yarn and Slit film yarn.

Nonwoven geosynthetics can be made of stable fibres or filaments. The arrangement of fibres is random and bonded together with the
Mechanical bonding, Chemical bonding, Heat/ Thermal bonding and Resin bonding.

A12.11.5.3 Protection

Geotextiles shall be stored under suitable cover and shall not be exposed to direct sunlight periods in excess of 30 days and shall be
protected from mechanical damage during delivery and construction

A12.11.54 Classification

The geotextile shall be classified according to the mechanical properties thereof, in terms of its strength, penetration load, puncture
resistance and the minimum water-percolation rate or throughflow as measured in the permeability test. Table A12.11.5-2 shall be used
for determining the grade of a geotextile.

Table A12.11.5-2: Grade classifications of geotextiles

Properties Units y GR’;\DE 3 TEST METHOD
minimum kN 16 12 7
Tensile Strength eIongation % 40-60 SANS 1525/ISO 10319.
Trapezoidal Tear Strength minimum N 600 440 240 | ASTM D4533
Penetration Load minimum N 3500 2400 | 1500 | SANS12236/ISO12236
Puncture Resistance Max diam. of mm 18 26 32 SANS 13433/ISO 13433
Hole
Water Percolation minimum I/m2/s 40 SANS 11058/1ISO12958
Permeability (min) @ 50 mm head m/s 5x10-3 SANS 11058/1ISO12958
Pore Size Ogsw pum 100-200 150-250 SANS 12956/I1SO 12956

Notes:-

The standard equivalent atmosphere for testing and the preconditioning atmosphere for all geotextile tests (SANS tests and other) shall
have a relative humidity falling within the range of 0 to 80 % and a temperature within the range of 15°C to 35°C.

The resistance of a geotextile to puncture is the average diameter of the hole formed when a 45 degree pointed cone with a mass of 1,0
kg is dropped through 500 mm height onto the geotextile fixed in the holding device.
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A12.11.5.5 Durability

Geotextile shall comply with the following durability specifications:

a) Resistance to chemical attack

The geotextile shall withstand the level of aggressiveness of the soil and ground water given below without significant loss of its strength
and hydraulic properties during its design life of 25 years:

The geotextile shall withstand soil and ground water with a pH in the range of 4 to 9 (pH to be determined by SANS 10224, SANS 3001).

The geotextile shall withstand soil (as paste) and ground water containing salts with a conductivity of up to 1,0S/m (conductivity to be
determined by SANS 10224, SANS 3001).

b) Resistance to ultra-violet light

The geotextile shall maintain at least 50 % of its original tensile strength after direct exposure to sunlight of 500 hours and at least 80 %
of its original value when exposed to sunlight for 1 500 hours. as determined under ASTM D5355 or ASTM D7238 and EN ISO 12224

c) Resistance to rot

The geotextile shall be manufactured of an entirely rot-proof polymer.

A12.11.5.6 Selection

The geotextile required shall satisfy the criteria for a grade 1, 2 and/or 3 geotextile for the selected application as specified in the schedule
of quantities, drawings or Contract Documentation and shall satisfy the criteria for this grade of geotextile as given in Table A12.11.5-2.

The geotextile used for subsoil drains shall be grade 2 or 3, and grade 1 for separation blankets with a filtration function; or as specified
by the Engineer

Plastic for subsoil drainage systems to be used shall be polymer film type sheeting of 150 to 250-micron (0,15 to 0,25 mm) thickness,
complying with SANS 952-1.

The Contractor shall, at least 45 days before the installation of the geotextile(s), submit to the Engineer samples and the specifications of
the geotextile he proposes to use, to enable the Engineer to verify the suitability and confirm the use thereof and ensure that the geotextile
meets the design requirements as well as is suited to the in situ conditions and materials to be drained. No extra payment shall be made
for providing the samples required by the Engineer

Where specific geosynthetic properties or any specific product are not specified in the Contract Documentation, geosynthetics provided
by the Contractor shall comply with relevant specifications for each type of product as given in, and below and on a generic level with
international and local specifications as per Tables A12.11.5-3, A12.11.5-4 and A12.11.5-5.

Table A12.11.5-3: Non-woven geotextiles

Material placed on geosynthetic
Geotextile properties Test method
Soil Gravel | C03S€ | Rockfil
gravel
Thickness (mm) SANS 9863-1:2013 >1.8 >3.0 >4.0 >6.0
Tensile strength longitudinal (kN/m) SANS 1525:2013 >14 >20 >40 >50
Elongation (%) SANS 1525:2013 > 50 > 50 > 50 > 50
Static puncture strength (CBR) SANS 12236:2013 >2.5 >4.5 >7.0 >9.5
P_uncture resistance (maximum hole SANS 13433:2013 <20 <15 <10 <6
diameter mm)
Permeability @ 50 mm head (m/s x 10°) | SANS 11058:2013 >3.5 >3.5 >3.5 >2.5
Table A12.11.5-4: Woven and composite geotextiles
Material placed on geosynthetic
Geotextile properties Test method Soil Gravel Coarse gravel
Rockfill
<2.00mm >2.0<50mm >50<200mm

Short term tensile strength (kN/m) in

. N >40 >55 >90 >180
either direction
Tensile strength at 5 % strain in either | SANS

>8 >14 >18 >30

direction (kN/m) 1525:2013
Tensile strength at 10 % strain in either

L >14 >20 >25 >50
direction (kN/m)
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Table A12.11.5-5: Geogrids

Level of stabilisation
Material properties Test method
Medium High Very high
Short term tensile strength (kN/m) in 50 100 200
> > >
either direction min
SANS
Tensile strength at 2 % strain (kN/m) 1525:2013 >9 >18 >36
min. '
Tensile strength at 5 % strain (kN/m)
min >20 >40 >80

In addition to complying with the above specifications the Contractor shall submit written confirmation from the geosynthetic supplier that
the product being supplied is fit for the purpose for which it is used.

A12.11.6

Not applicable here.

A12.11.7

Not applicable here.

A12.11.8 WORKMANSHIP

To ensure quality of materials it is imperative that testing be carried out to derive appropriate values pertaining to the specific use specified.
The Contractor shall, at his own cost, submit a certificate by an approved laboratory to prove compliance with specified tests as stated in
Chapter 20. Alternatively, verifiable testing by the supplier may be submitted for approval to the Engineer.

CONSTRUCTION EQUIPMENT

EXECUTION OF THE WORKS

The tests to be carried out on geotextiles relate to the material and the method of manufacture and are mainly to ascertain that the correct
grade and type of geo-textile is supplied, and that the material is equivalent in quality to that specified for use in the works. This includes
geotextile qualities regarding soil retention; permeability; clogging; durability and strength. Compatibility testing can be done for filtration
using the ASTM D5101 - Measuring the Soil-Geotextile System Clogging Potential by the Gradient Ratio. Table A12.11.8-1 details relevant
standards for various tests.

Table A12.11.8-1: Generic specification tests

Property Test method Comment

Specific gravity

ASTM D792/D1505

Mass/unit area

ASTM D5261/ISO 9864

ASTM D5199

Puncture tests

SANS 12236:2013
SANS 13433:2013

Thickness SANS 9863-1:2013
ISO 9863-1:2005
Stiffness ASTM D1388
ASTM D4632 There are a number of variations:
Tensile Strength SANS 1525:2013 ASTM D1682, D451, D4595
ISO 10319:2008 & ISO 10319
Seam strength ASTM D4884
Fatigue strength No accepted standards
Burst strength ASTM D3786
ASTM D4533 Trapezoidal tear test
Tear strength ASTM D751 Tongue tear test
ASTM D1424 Elmendorf tear test
ASTM D4833

CBR Plunger used in ISO/DIS 12236
and DIN 54307 in Germany

Friction behaviour ASTM D5321

Tensile creep ASTM 5262
ISO/DIS 13431

Degradation ASTM D5819

Hydraulic properties
Porosity
Pore size

Percent open area
Equivalent opening size

ASTM D4751(A0S)
SANS 12956 :2010
ISO 12956 :2010
CW-02251/D4751

ASTM D5567 - 94(2011): Standard Test Method
for Hydraulic Conductivity Ratio (HCR) Testing of
Soil/Geotextile Systems

or

ASTM D5101 - 12: Standard Test Method for
Measuring the Filtration Compatibility of Soil-
Geotextile Systems
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ASTM D4491

CP)(:orrsnsltg\I/:rile permeability ISO/DIS 11058 :2010
SANS 11058 :2013

Permittivity under load ASTM D5493

Permittivity ASTM D4716

In-plane permeability

ISO/DIS 12958:2010

Soil retention
Above ground silt fences

ASTM D5141

Endurance ISO/DIS 13437
ASTM D1175

Abrasion ASTM D4886
1ISO 13427

Long term flow Clogging test

Koerner (1998) pp 131-135

Gradient ratio clogging test

Koerner (1998) pp 135-136

Hydraulic conductivity ratio
Clogging test

Koerner (1998) pp 136-137

Ultraviolet degradation

ASTM D4355 as
Described in ASTM G26
ASTM G53

ASTM D1435

ASTM D5970

Ultra- violet fluorescent light test
Plastics weathering

Temperature degradation

ASTM D1388
ASTM D746

For cold weather applications

Hydrolysis

Koerner (1998) pp 143-144

Chemical degradation

ASTM D543
ASTM D5322
ASTM D5496

For landfill sites
Field incubation procedure

Biological degradation

Unlikely due to high molecular mass
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B12.11 GEOSYNTHETICS

PART B: LABOUR ENHANCEMENT

CONTENTS

B12.11.1 SCOPE

B12.11.2 DEFINITIONS

B12.11.3 GENERAL

B12.11.4 DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS
B12.11.5 MATERIALS

B12.11.6 CONSTRUCTION EQUIPMENT

B12.11.7 EXECUTION OF THE WORKS

B12.11.8 WORKMANSHIP

B12.11.1 SCOPE

The provisions of Part A shall apply.

B12.11.2 DEFINITIONS

The provisions of Part A shall apply.

B12.11.3 GENERAL

The provisions of Part A shall apply.

B12.11.4 DESIGN BY CONTRACTOR/PERFORMANCE BASED SYSTEMS

The provisions of Part A shall apply.

B12.11.5 MATERIALS

The provisions of Part A shall apply.

B12.11.6 CONSTRUCTION EQUIPMENT

The provisions of Part A shall apply.

B12.11.7 EXECUTION OF THE WORKS

The provisions of Part A shall apply.

B12.11.8 WORKMANSHIP

The provisions of Part A shall apply.
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C12.11 GEOSYNTHETICS

PART C: MEASUREMENT AND PAYMENT

Measurement and Payment will be covered under the Chapters where applicable.
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D12.11 GEOSYNTHETICS

PART D: GUARANTEES AND COMPLIANCE CERTIFICATES

The Contractor shall provide detailed specifications and certificates from independent reputable agencies for all proprietary
casing/sleeves and materials proposed for use. These shall demonstrate conformance with the performance requirements stipulated
in the Contract Documentation.

CONTENTS

D12.11.1 SCOPE

D12.11.2 GENERAL

D12.11.3 PERFORMANCE GUARANTEE REQUIREMENTS
D12.11.4 FUNCTIONAL PERFORMANCE ASSESSMENTS
D12.11.5 VISUALLY ASSESSED PROPERTIES

D12.11.6 INSTRUMENTALLY ASSESSED PROPERTIES
D12.11.7 EVALUATION FOR ACCEPTANCE

D12.11.8 ADDITIONAL PROCEDURES TO BE ADOPTED IN THE EVENT OF FAILURE
D12.11.9 NOTIFICATION OF REMEDIAL WORK

D12.11.10 REMEDIAL WORKS

D12.11.1 SCOPE

No specific items in this Section.

D12.11.2 GENERAL

No specific items in this Section.

D12.11.3 PERFORMANCE GUARANTEE REQUIREMENTS
No specific items in this Section.

D12.11.4 FUNCTIONAL PERFORMANCE ASSESSMENTS

No specific items in this Section.

D12.11.5 VISUALLY ASSESSED PROPERTIES

No specific items in this Section.

12.11.6 INSTRUMENTALLY ASSESSED PROPERTIES

No specific items in this Section.

D12.11.7 EVALUATION FOR ACCEPTANCE
No specific items in this Section.
D12.11.8 ADDITIONAL PROCEDURES TO BE ADOPTED IN THE EVENT OF FAILURE

No specific items in this Section.

D12.11.9 NOTIFICATION OF REMEDIAL WORK

No specific items in this Section.

D12.11.10 REMEDIAL WORKS

No specific items in this Section.
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A12.12 CONSTRUCTION DEWATERING

CONTENTS

PART A: SPECIFICATIONS

A12.121 SCOPE

A12.12.2 DEFINITIONS

A12.12.3 GENERAL

A12.12.4 DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS
A12.12.5 MATERIALS

A12.12.6 CONSTRUCTION EQUIPMENT

A12.12.7 EXECUTION OF THE WORKS

A 12.12.8 WORKMANSHIP

PART B: LABOUR ENHANCEMENT
PART C: MEASUREMENT AND PAYMENT
PART D: GUARANTEES AND COMPLIANCE CERTIFICATES

PART A: SPECIFICATIONS
A12.121 SCOPE

This Section covers various methods of construction dewatering of excavations including sump pumping, well points, water jet eductors and
shallow/suction wells necessary to lower and control groundwater levels and hydrostatic pressure to permit excavation and construction to be
performed. The responsibility for planning and conducting dewatering operations in accordance with best practice, the requirements of these
specifications or as instructed by the Engineer, rests solely with the Contractor.

Groundwater conditions and/ or construction requirements may necessitate the design and application of site specific dewatering system/s to
ensure that safety is not compromised or the integrity of the founding and surrounding materials is not adversely affected by poor methodology
or equipment failure. Dewatering shall be conducted in such a manner to ensure that within the potential zone of influence of the dewatering
activities, no unacceptable ground subsidence, damage to any property, structures or facilities will occur and that it does not pose a threat
to the public health or create any hazard.

This may require that construction dewatering be undertaken by a specialist Contractor or sub-Contractor.The Contractor shall design the
dewatering strategy and layout plan(s). The supply, install, and operate all pumps, pipes, appliances, and equipment of sufficient capability
to maintain the requisite minimum lowered groundwater levels for all excavations requiring dewatering until they are backfilled to the required
specification.

The groundwater level shall normally be lowered and maintained at an absolute minimum of 1,0 m below the lowest excavation invert level,
or to such levels as may be specified in the Contract Documentation or instructed in writing by the Engineer.

The scope of the works shall also encompass the requirements of Clause A2.1.3.2 in Section A2.1 of Chapter 2 of this specification.
Where necessary diversion ditches and dikes/earthen bunds shall be used, to prevent surface water from entering any excavation(s).

Payment will only be made where provision for such has been in the Contract Documentation.

A12.12.2 DEFINITIONS

Sump Pumping - is the simplest method of dewatering excavations and is usually undertaken within the excavation. A sump is created by
excavating a hole which may either be left open unlined, open but supported by boarding and/or backfilled partially or wholly with a suitably
graded filter material. It is most effective in clean gravels and coarse sands and is generally unsuitable in materials containing a lot of fines
because of the danger of internal erosion and loss of fines unless special measures are taken.

Pumping may either be by way of sludge/submersible pumps placed in the sump or by way of a suction hose connected to a discharge pump
placed remotely at a convenient place in the dry.

Sumps are usually sited along the inner perimeter of excavations, below the invert level, and made big enough to hold sufficient water to
match the pumping capacity to keeping the excavation floor drained for the duration of the construction. A pump is provided for each sump
and connected to a discharge pipe, which conveys and disposes the pumped ground water to an approved destination.

Well Point Systems - are small well screens about 50mm diameter, between 0,5 m to 1,0 m long, connected to the bottom of a small
diameter riser pipe which is usually water jetted down into the water bearing stratum with a lance to the required depth, generally not deeper
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than about 7,0 m. They are typically used in sandy gravels, sands and down to fine sand. With additional measures and augmentation they
can also be used to drain fine silty sands.

Well points are installed as a series of small wells along the perimeter of an excavation and are each connected directly through the riser pipe
to a common header pipe from which the water is pumped by a vacuum assisted centrifugal pump to an approved discharge point. The
connection between the riser pipe and common header pipe may either be directly, or more commonly by a short flexible pipe also referred
as a swing joint. Each connection between the riser pipe and header is fitted with a gate valve.

The effective depth of drawdown is limited to between 5,0 m to 6,0 m depending on the permeability and soil structure. Air-leaks/efficiency of
the system lines and connections may result in further reducing the depth of drawdown. Multistage systems are necessary for greater
drawdown depths.

Water Jet Eductor Well Systems - are similar to well point systems except that the riser pipe consists of a two part configuration, namely a
supply/feeder line and return line. Ground water is sucked through a well screen, into an eductor fitted to the base of the feeder pipe by a
vacuum formed when a high pressure jet of water fed from a surface high pressure ring main is forced through the venturi within it. The jetting
water together with the groundwater is then forced up through the return line of the riser pipe, to the return header ring main and discharges
into a collector/settling/holding tank. Part of the return water is drawn off and re-used by the supply water header pump to feed the high
pressure ring main, whilst the balance overflows and is discharged to waste. Typically the input flow is about 1,5 to 2,5 times the induced flow,
resulting in a very low efficiency and slow extraction rates.

The main advantage of the water jet eductor system is that the depth of dewatering achievable is not restricted by the limitation of attainable
suction pressures and deep single stage dewatering from surface is possible. They are therefore ideally suited for dewatering silty sands and
sandy silts and/or where space is lacking and multistage well pointing cannot be used.

Shallow/Suction Wells Systems - are shallow bored wells, each fitted with a riser pipe either coupled directly to a suction pump, or to a
header main which services a series of wells. This system works in the same way as a well point system with the difference being the well
point is replaced with a conventional well screen to ensure adequate filtering and with a larger diameter well which increases the radius of
influence and drawdown. Suction wells are well suited for high permeability soils, or in instances where jetting and lancing may be impeded
by difficult ground conditions or in water bearing rock and/or boulder formations which require boring.

Suctions wells may be required for sites which require pumping for an extended period and potential loss of fines is a concern, or on congested
sites, as a smaller number of riser pipes are required which may otherwise hinder construction activities.

Multistage Dewatering - is undertaken for deep excavations whereby the dewatering and excavation is done progressively in depth stages
of about 5,0 m to 6,0 m, being the maximum suction head that can practically be achieved. Dewatering of the initial stage is first achieved to
allow the initial stage of excavation to be undertaken. Hereafter a second ring or line of wells is then sunk along the perimeter base of the
excavation to undertake the second stage of dewatering to a further depth. Once dewatering of the second stage is achieved the second
excavation stage may be undertaken. This sequence can be repeated until the required depth of dewatering is achieved. Multistage
dewatering would also require intermediate sumps and pumps at each stage to be lift the extracted water out to ground surface for further
discharge to an approved disposal site.

Ground water lowering monitoring point - may either consist of a stable open excavation for shallow monitoring, or an observation well for
monitoring to greater depth, both with the requisite reference datum from which levels can be recorded.

Ground Water Monitoring Well - in its simplest form is no more than a slotted conduit, of minimum 25 mm internal diameter, which has either
been jetted in or placed in a predrilled hole to the required depth and provided with a lockable cap.

A12.12.3 GENERAL
A12.12.3.1 Method Statements

Where so indicated by the Engineer the Contractor shall prepare detailed method statements for each facet of the work describing key
aspects such as construction methodology, key equipment, materials, personnel as well as any programme constraints of the envisaged
construction process.

These method statements shall be prepared and submitted to the Engineer prior to commencement of that activity, within time scales
specified. The onus lies with the Contractor to ensure that the information is obtained and that associated activities are completed
expeditiously to avoid any delays in the commencement, continuation and completion of the required works. The Contractor shall,
however, remain responsible for all work-methods, materials, plant and equipment used, notwithstanding acceptance by the Engineer.

Once accepted in writing by the Engineer, these shall become the method statements in accordance whereby the relevant portion of the
works shall henceforth be executed. Notwithstanding, the Engineer may require revision from time to time if circumstances during
construction arise which warrants change.

A12.12.3.2 Hold points/ Engineer’s approvals

A12.12.3.3  Materials and Materials Design Approvals
All materials used in the works described hereunder shall be fit for purpose.

Where specific dewatering works are specified in the Contract Documentation and for which provision is made for payment, such materials
shall meet the appropriate standards given below and/or specified in the Contract Documentation and shall be subject to the approval of the
Engineer. The contractor shall submit product certificates, conformance documentation (as per Part D) related to the specifications, test
results as required together with samples of materials and where applicable, materials designs that he proposes to use in the construction
of the works to the Engineer for his acceptance/approval as provided for in the Contract Documentation.

The Contractor’s attention is drawn to the approvals required as indicated in Table A12.12.3-2 below regarding works carried out as per
specified design.
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Table A12.12.3-1: Notifications/Approvals for specified and measured works

Clause Engineer’s Approvals Required for: Notice Period

Method Statements

A12.12.7.1a) Method statements for dewatering each work area. 2 weeks prior to construction

Construction Materials, Plant

Information on the materials for the main components of

A12.12.5 dewatering system(s) 1 weeks prior to procurement
Process
. . Prior to commencement of
A12.12.7.1c) rPezrlTrl;sa and wayleaves to dispose of removed water where dewatering
Trial drain sections Prior to commencement of works
A12.12.7.1b)
. . Prior to commencement of
A12.12.7.2a) i;\//setlzm fully operational and groundwater lowered to required excavations
Dewatering system fails or is suspended Contractor to assess safety of
A12.12.7.2b) works, Engineer may halt

excavation

A12.12.4 DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS

The dewatering system shall be designed, installed and maintained to lower and control the groundwater elevations as specified in the
Contract Documentation to permit excavation, construction of structures, and placement of fill materials to be performed under stable dry
workable/trafficable conditions.

The dewatering system shall be designed to prevent pumping fines from below grade or disturbing materials at and within the proximity of the
excavation invert. Wells shall be cased, and filter(s) shall be provided to prevent the pumping of fines.

The Contractor shall be solely responsibility for the design, installation, operation, monitoring, and removal of the dewatering system to comply
with the requirements of the specifications and all applicable statutory requirements. The Contractor shall install additional dewatering points
and equipment as may be required throughout the duration of the project to maintain groundwater level as specified, or as directed by the
Engineer in writing.

Fluctuations of the groundwater level can occur due to seasonal variations in the amount of rainfall, runoff, and other factors not evident at
the time the site investigations borings were undertaken. The Contractor shall independently interpret the geotechnical and groundwater
conditions taking into consideration his proposed method(s) of construction. The Contractor shall perform additional exploration at his own
expense as necessary for the requisite design of the dewatering system.

Variations of ground conditions and groundwater levels between soil boring/sampling locations may occur. The Contractor shall take
cognizance of this and shall make reasonable allowance and incorporate the requisite flexibility in his planning and design of the dewatering
system to accommodate such potential variations.

The following information and assessments are ideally required for the design:

. Pertinent geotechnical and geo-hydrological data as might be obtained from, field inspections, sub-surface investigations and laboratory
test results. These would include:

- Ground profile descriptions.

- Results of geotechnical testing undertaken including soil grading, permeability and strength.

- In-situ testing including Standard Penetration Test, Dynamic Cone Penetration, Falling or Constant Head Permeability Tests and
Pump Tests.

- Static groundwater levels as recorded in trail holes, soil borings and test wells.

- Tidal and seasonal fluctuations of static ground water levels as might be available from monitoring piezometers installed in trails
holes, soil borings and test wells.

e  Topographical Survey data/digital terrain models and cadastral boundaries, including potential ground water source zones such as
drainage ditches, rivers and streams.
e  The location of all structures, services and infrastructure which could be potentially impacted by the construction dewatering activities.
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All or some of the information listed above may be available and presented in the Contract Documentation, failing which it will be the
Contractor’s responsibility to obtain the further requisite minimum information he considers necessary.

A12.12.5 MATERIALS

Where so specified the Contractor shall submit samples and the requisite technical details and specifications of all the main components
of the dewatering system proposed, for acceptance by the Engineer, at least 2 weeks before the approved programmed trial/construction
activity. Where appropriate a prototype of the proposed system shall be assembled and presented to the Engineer for inspection.

A12.12.6 CONSTRUCTION EQUIPMENT
A12.12.6.1 Requirements/Capability

Equipment used for dewatering shall be capable of jetting/drilling/advancing holes and wells of the required diameter for the proposed
installations to the required depths in the indicated materials, including provision for filter sand between the riser pipes and the in-situ material.
Where so specified the Contractor shall also be equipped to undertake pre-drilling of holes, possibly with temporary casings in intermediate
and/or boulder formations.

Should the type of apparatus, rig and/or equipment prove inappropriate for the requirements or conditions on site, these shall be replaced by
suitable equipment at the Contractor’s cost. The drill rig/lequipment shall be able to complete all drilling operations, without loss of direction or
inclination, in all materials.

A12.12.6.2 Maintenance

All equipment shall be inspected, serviced and calibrated at regular requisite intervals and tested to ensure system functionality, efficiency
and accuracy.

At the commencement of the work the Contractor shall supply the Engineer, for all key plant to be used, the requisite maintenance plans
and schedules as required by the manufacturer, to keep them in the requisite working order. The Contractor shall for the duration of the
contract, submit monthly returns summarising all maintenance and repair work undertaken on the key equipment .

The Engineer may suspend the further use of the item of equipment plant in question if such is shown to be unsafe or ineffective. In this
event the Contractor shall replace that equipment to ensure that there is no interruption to any active dewatering programme..

The Contractor shall have fully functional and operational standby pumps with all accessories on site to cope with at least two simultaneous
and/or two successive breakdowns. The Contractor shall be so equipped and staffed so as to install and commission the requisite standby
equipment within 3hrs from the breakdown.

A12.12.6.3 Flow meters

Where the installation of flow meters is specified, these shall be calibrated at the commencement of each installation and shall record the
volume of ground water extracted to an accuracy of at least 5 litres(51). Flow meters shall be installed at the requisite locations. The frequency
shall be as agreed with the Engineer. The average daily extracted volume for each installation shall be recorded and submitted to the Engineer
on a daily basis.

A12.12.6.4 Noise suppression

Pumps may either be driven by diesel or electric motors. Within and adjacent to residential areas and other areas as required by the Engineer,
engines driving dewatering pumps, or any generators used to produce power to drive the motors, shall be equipped with residential type
mufflers and the noise levels shall not exceed 55 decibels at a distance of 15 m from the respective motor or generator.

A12.12.7 EXECUTION OF THE WORKS
A12.12.7.1 General

a) Method statement / Dewatering plan

Where so specified, the Contractor shall submit a detailed method statement/dewatering plan for indicated location/s, including the trial
positions at least two weeks prior to the programmed commencement date of dewatering. This shall include layout drawings and any shop
drawings, design calculations and assumptions including the following elements as may be appropriate:

- The proposed type of dewatering system.

- Arrangement, location, and depths of system components to meet the draw-down depth specified.

- Complete description of equipment and instrumentation to be used, with installation, operation and maintenance procedures.
- Types and sizes of filters.

- All requisite design calculations

- Method of disposal of pumped water including designated disposal sites and requisite permits to dispose at these sites.
- Method and frequency of sampling and water quality monitoring.

- Type of filtration and chemical treatment of contaminated water, as applicable.

- Method for establishing and monitoring construction site groundwater levels as specified.

- Criteria for determining the acceptability of removing the dewatering system from operation.

- Contingency plans for dealing with settlement sensitive structures which may potentially be influenced by dewatering.

b) Trials for well system installations

Where so specified, the Contractor shall conduct a trial for every typical subsurface profile to be dewatered to demonstrate the suitability of
the installation method proposed, the efficiency of the pumping system and discharge rates achievable, that no fines are removed during
pumping and what the radius of influence/cone of depression resulting from pumping will be. The trial shall comprise t of a single row of wells
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some 9,0 m to 12 m long. Three observation wells shall be installed for each test section and pumping will continue until steady conditions
are achieved.

Adjustment to the method and installation and/ or equipment used may be made to the proposed installation to obtain the desired or best
possible result. Following the outcome of the successful trial the Contractor may be required to adjust his method statement for
approval/acceptance by the Engineer.

No production work may commence until the efficacy of the dewatering system has been demonstrated and the systems are installed and
functioning as desired..

c) Permits wayleaves and disposal of water discharge

The Contractor shall be responsible for the timeous submission of all the applications for obtaining the requisite permits and wayleaves for
discharging wastewater from dewatering activities where such may be required all in terms of the provisions in Chapter 2 of these
specifications. The Contractor shall provide all temporary ground surface piping necessary to convey dewatered water discharge to the
approved discharge point. Discharging directly onto the ground surface shall not be allowed unless approved by the Engineer.

The Contractor shall dispose of water from the works area in a suitable manner without damage to adjacent properties or facilities. Water
shall be filtered to remove sand and fine soil particles before disposal into any drainage system. Should contaminated water be encountered,
no water shall be discharged without appropriate treatment for adverse contaminants or alternative disposal. No water shall be drained in
work built or under construction.

A12.12.7.2 Process

a) Operational requirements

The system shall be in place and fully operational and ground water lowering proven to have achieved the specified reduced levels, 24 hrs
prior to commencing with any excavation or other construction activity. If required the system shall be operated continuously 24 hours a day,
7 days a week once excavation/ construction has commenced, irrespective of whether construction activities are interrupted or temporarily
halted, and fully operational until such time as construction activities are completed and the excavations have been completely backfilled,
which backfilling shall have been tested for compliance with the specification and approval by the Engineer.

Generally dewatering by sump creation and pumping is an ongoing activity as excavation proceeds. Unless specifically provided for and
instructed by the Engineer to address sudden and unforeseen surges of water inflow into excavation separate payment will not be made
therefore.

The Contractor shall at all times have, on the work site, sufficient dewatering equipment for immediate use, including standby pumps and
generators for use in case any of these items of plant breakdown and require replacement.

If the dewatering system shuts down or if pumping is suspended, for any reason whatsoever the Contractor shall withdraw from the excavation
before water levels start to rise. On resumption of dewatering, the groundwater levels will need to be re-lowered to the specified level before
continuing any construction, including excavation or backfilling.

Any in-situ material /backfill that is subjected to groundwater and wetted shall be tested as directed by the Engineer, to confirm that the
condition thereof is stable and acceptable prior to placement of further backfill and/or other construction activities. The Contractor shall
remove and replace adversely affected material with suitable material approved by the Engineer at his own expense.

Due care shall be taken when turning off the dewatering system to prevent upsurge in ground water which may weaken the subgrade of the
completed excavation.

Surface runoff shall be diverted away from excavations by site grading to promote drainage away from any excavation. Surface water shall
be collected in shallow trenches around the perimeter of the excavation, drained to sumps, and pumped or drained by gravity to maintain an
excavation free from ponding water. In the case of multistage dewatering, this would require a perimeter drain to be in place at the toe of
each excavated stage and for the collected water to pumped back to surface into the water discharge system.

Adequate control shall be maintained by the Contractor to ensure that the stability of excavated slopes are not adversely affected by water,
that erosion is controlled and that flooding of excavation or damage to structures does not occur. The Contractor is solely responsible for site
excavation safety and compliance with OHS regulations

If the planned groundwater reduction levels are reached, but notwithstanding unstable conditions and/or unacceptable excavation invert
conditions are present, the Contractor shall either increase dewatering pumping rates and/or to install additional wells to lower the groundwater
to a revised requisite level. The Contractor should achieve the revised groundwater level lowering and stable and acceptable invert conditions
before continuing with construction.

Buoyant ground conditions shall be prevented by the Contractor by maintaining a positive and continuous removal of water. The Contractor
shall be fully responsible for all damages which may result from failure to adequately keep excavations dewatered.

A12.12.7.3  Monitoring ground water levels and potential settlements

Where so specified the Contractor shall provide groundwater monitoring at least two points/observation wells diagonally disposed at either
extremity of the excavation to a depth of at least 300mm below the elevation of the minimum required and adequately spaced intervals in the
case linear advancing excavations. Groundwater levels shall be monitored to gauge if the specified reduction in ground water levels has been
achieved.

For deep excavations where staged descending dewatering is required, further monitoring shall be required for each stage and shall be subject
to the approval of the Engineer. In the event of linear advancing excavations such as pipeline and/or buried services, paired ground water
monitoring points/observation wells on either side and straddling the trench shall be provided at least every 30 m along the length of the
trench, or as specified in the project specification or instructed by the Engineer. Ground water monitoring points/observation wells shall be
installed timeously before the advancing excavation. Confirmation that the required drawdown has been achieved shall be obtained before
the excavation is allowed to encroach closer than 10 m from the monitoring station.

Where dewatering is required to be undertaken in the vicinity of any settlement sensitive structures, infrastructure and services, the Contractor
shall establish a grid of survey beacons within the potential zone of draw down as established from test sections and/or ground water
modelling. These beacons shall be monitored by a surveyor on a daily basis using precise levelling methods to an accuracy of + 0,5 mm.
The results shall be processed and presented on a daily basis in the format required by the Engineer.
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The Engineer may instruct that observation wells be installed at selected strategic locations outside the excavation area to monitor the draw-
down of the ground water resulting from the dewatering activities.

The Engineer will determine the allowable settlements for each potentially settlement sensitive structure or infrastructure. The Contractor
shall suspend dewatering if these critical limits are reached, before they can be exceeded. The Contractor shall liaise with the Engineer on
the implementation of the contingency plan and/or what further actions are required before dewatering may continue.

A12.12.7.4  Monitoring ground water discharge

Where so specified, the Contractor shall provide and incorporate a clean tapping device at each well location to allow easy sampling of
discharge water in accordance with the approved water quality sampling and testing programme.

Where so specified, samples shall be evaluated to detect the presence of any fine sand and/or silt that may indicate subsurface soil is being
removed by the dewatering operations. If any well produces fines, it shall be immediately shut down and the filter requirements be reviewed
and addressed. This may require that the filter of the existing well needs to be replaced or improved and that a new well be installed
adjacent to it with a revised filter design which eliminates the pumping of fines. .

If so specified samples for chemical testing and analyses shall be dispatched and reach the approved laboratory within 6hrs of sampling, or
as approved by the Engineer.

If concentrations of tested groundwater quality parameters exceed those allowable the Contractor shall suspend the dewatering and
immediately notify the Engineer and the appropriate authority and supply them with the results so as to requisite details to determine measures
and/or treatment that are required.

A12.12.7.5 Records

The Contractor shall submit daily returns indicating activities completed on each working day. The Contractor shall also, for each completed
hole/ well point provide a record, in a format agreed with the Engineer prior to the commencement of the work. Where such records are of an
ongoing nature the contractor shall regular produce reports summarising criteria and recording trends, as may be required by the engineer

A12.12.8 WORKMANSHIP

All dewatering systems shall be checked for compliance with the specifications. Any system, or element(s) of a system, not meeting the
specified criteria, or which does not reach the specified depth may be rejected by the Engineer who may order that it be amended to conform
or be replaced if so required, to conform to the requirements.
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B12.12 CONSTRUCTION DEWATERING

PART B: LABOUR ENHANCEMENT

CONTENTS

B12.12.1 SCOPE

B12.12.2 DEFINITIONS

B12.12.3 GENERAL

B12.12.4 DESIGN BY CONTRACTOR / PERFORMANCE BASED SYSTEMS
B12.12.5 MATERIALS

B12.12.6 CONSTRUCTION EQUIPMENT

B12.12.7 EXECUTION OF THE WORKS

B12.12.8 WORKMANSHIP

B12.12.1 SCOPE

The provisions of Part A shall apply.

B12.12.2 DEFINITIONS

The provisions of Part A shall apply.

B12.12.3 GENERAL

The provisions of Part A shall apply.

B12.12.4 DESIGN BY CONTRACTOR/PERFORMANCE BASED SYSTEMS

The provisions of Part A shall apply.

B12.12.5 MATERIALS

The provisions of Part A shall apply.

B12.12.6 CONSTRUCTION EQUIPMENT

The provisions of Part A shall apply.

B12.12.7 EXECUTION OF THE WORKS

The provisions of Part A shall apply.

B12.12.8 WORKMANSHIP

The provisions of Part A shall apply.
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C12.12 CONSTRUCTION DEWATERING

PART C: MEASUREMENT AND PAYMENT

(i) Preamble

The tendered rate for each pay item shall include full compensation for providing, operating, maintaining and decommissioning upon
completion, of all the construction equipment, labour, tools, incidentals and supervision to carry out the activity or construct the works in
the pay item as specified, unless otherwise stated.

Any prime cost or provisional sums shall be paid in accordance with the provisions of the conditions of contract. The charge or mark-up
tendered or allowed for is a percentage of the amount actually paid under the prime cost or provisional sum. This percentage shall
cover all the Contractor’'s handling, supervision, profit and liability costs to provide the services in the prime cost or provisional sum item.

The requirements of Clauses C1.1.1, C1.1.2 and C1.1.3 of Chapter 1 shall apply.

Where pay item descriptions include any wording in brackets it is an indication that contract specific information is to be inserted in the
Pricing Schedule included in the Contract Documentation.

(ii) Notes on measurement and pay ltems

1. Unless otherwise ordered or stated in the Contract Documentation, trench depths will be measured from the surface of the ground along
the centre-line of the trench to the bottom of the specified bedding layer (as applicable). Where no bedding is required it shall be
measured to the underside of the duct or pipe.

2. The ground surface will be that existing after any bulk earthworks have been carried out, i.e. the excavated surface or embankment
surface, unless a different sequence of execution has been ordered.

3.  Excavations will be measured as if taken out with vertical sides, regardless of whether they have been taken out with sloping sides.

4. The length used for trench computations will be the total through-length of a pipe or duct etc. from end to end and no deduction will be
made for manholes or access chambers etc.

5.  Wherever volumetric measurement is required, the volume will be computed from the depth determined as indicated in 1. and 2. above
and using the authorised width (W) determined in accordance with the specification.

6. Where shoring is specified or ordered, the length of shoring measured for payment will be the length of the centre-line of the trench.

(iii) Items that will not be measured separately

The following activities, whether required to complete the specified work or not, will not be measured and paid for separately and the
Contractor shall include the cost thereof in other pay items as the Contractor deems appropriate:

1. No separate payment will be made for backfiling excess excavations, disposing of surplus material etc. or any other contingent work,
unless the work is specifically specified or ordered.

2. No separate payment will be made for setting out the works.

3. No separate payment will be made for the protection or repair as required of any existing or new road furniture, structures, buildings,
infrastructure or services damaged by the Contractor’s activities and for complying with all the requirements of Clause A2.1.3.4.

4. No additional payment shall be made, nor shall any claim for additional payment be considered, for any specified work in confined or
restricted areas. Any additional costs associated with working in confined or restricted areas shall be deemed to be included in the
standard applicable pay items.

5. No separate payment will be made for the loading of any materials.

6. No separate payment will be made for the hauling of any materials where the material is moved over a distance of less than, and up to,
1,0 km.

7. No separate payment will be made for transporting materials from commercial sources irrespective of the haul distance.

8. No separate payment will be made for the removal of any surplus material imported to complete the works.

(iv) Items to be measured and paid for using items specified elsewhere in the specifications

None

(v) Items specifically for this section of the specification

Item Description Unit

C12.121 Establishment on site for construction dewatering lump sum

The unit of measurement shall be by lump sum.

The tendered lump sum for dewatering shall include full compensation for establishing all necessary plant and equipment on site to carry out
the works and for the removal from site of all such plant and equipment including all temporary works such as access roads, furrows and earth
berms, clearing and grading and reinstating the site on completion of the works as specified..

The work shall be paid as a lump sum, 50% of which shall be due when all equipment is on site tested and functional, trials are completed
and the first production dewatering well ring/line is installed to the satisfaction of the Engineer and fully operational. The second instalment of
25% shall be payable after half the billed value of the work is complete and measured for payment and the final 25% instalment after all the
work is complete, all plant and equipment is removed from site and the site has been reinstated to the satisfaction of the Engineer. .

No extra payment shall be made for establishing any additional plant should the originally established plant not be capable of achieving the
requisite results.
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Item Description Unit

C12.12.2 Installing and commissioning all requisite plant and equipment to undertake dewatering number (No)
by well system offered (type of well system to be nominated by tenderer)

The unit of measurement shall be a standard length section of header pipe with all the requisite number of wells at the dewatering location,
all fittings, materials and dewatering pump(s).

The quantity measured shall be the number of standard pipe lengths installed and commissioned in compliance with best practice and the
requirements of these specifications.

The tendered rate shall include full compensation for all costs involved in installing all equipment, pre-drilling, drilling, jetting or any other
means necessary and approved for installing all wells required at the dewatering location to achieve the required level of drawdown, complete
with the requisite filters, screens and casings in all materials and their subsequent extraction, or abandonment if approved by the Engineer,
on completion of dewatering. The tendered rate shall furthermore include for the supply and installation of all caps, riser pipes, flexible swing
joints, stop valves, couplings, well take-off points, flow meters, header pipes and dewatering pumps fully equipped with motors. Where electric
motors are used to drive the motors, the tendered rate shall include for all costs of establishing the requisite electrical supply, either from
mains or by way of generators. The rate shall also include the provision of all requisite standby equipment and the installation of all requisite,
monitoring wells/points and survey monitoring beacons as specified.

Item Description Unit

Cc12.12.3 Operate and maintain Well System (type of well system to be nominated by tenderer) (pumped)
hours) (hrs)

The unit of measurement shall be the number of hours pumped.
The quantity measured shall be the sum of the number of hrs pumped by each discharge pump for each 60m section.

The tendered rate shall include for all costs to operate and maintain the complete installation, including 24hr/7 days per week requisite
supervision and operators, all repairs and maintenance, replacement of faulty equipment and plant, cost of all fuel and/or electricity. The
tendered rate shall furthermore include for the monitoring the excavations and ongoing surveying of the settlement beacons and monitoring
and reporting on the observation wells.

C12.12.6 Supply Install and remove discharge pipeline to the required depth (diameter and class metre (m)
indicated)

The unit of measurement shall be the metre of pipeline installed.

The quantity measured shall be the actual length of discharge pipe installed from the position of the dewatering pump to the approved disposal
site(s) along the approved route.

The tendered rate shall include for the supply and installation of all pipe together with stop valves, couplings, and flow meters if required. The
rate shall also include for the protection and securing the discharge pipeline in, on and over all terrain as well the cost of securing the discharge
end, including the requisite scour protection resulting from the water discharge.

The tendered rate shall include for all costs to operate and maintain the discharge pipeline, including 24hr/7 days per week requisite
supervision and operators, all repairs and maintenance, replacement of al damaged pipe.

Item Description Unit

C12.12.7 Install ground observation wells to the required depth (diameter and class indicated) metre (m)

The unit of measurement shall be the metre of observation well installed.
The quantity measured shall be the actual total length of observation well installed as specified and approved by the Engineer.

The tendered rate shall include for the supply and installation of all material and for the provision of protective caps.

Item Description Unit

Cc12.12.8 Monitoring of lowering of ground water levels Lump sum
The tendered lump sum shall include full compensation for monitoring the groundwater levels as specified.

Item Description Unit

c12.12.9 Monitoring of potential settlements Lump sum

The tendered lump sum shall include full compensation for the monitoring of settlements as specified.

Item Description Unit
C12.12.10 Monitoring quality of groundwater

C12.12.10.1 Monitoring of silt and fine sand Lump sum
C12.12.10.1 Monitoring of groundwater chemistry and quality Lump sum

The tendered lump sum shall include full compensation for the monitoring of the quality of groundwater as specified
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D12.12 CONSTRUCTION DEWATERING

PART D: GUARANTEES AND COMPLIANCE CERTIFICATES

The Contractor shall provide detailed specifications and certificates from independent reputable agencies for all proprietary
casing/sleeves and materials proposed for use. These shall demonstrate conformance with the performance requirements
stipulated in the Contract Documentation.

CONTENTS

D12.12.1 SCOPE

D12.12.2 GENERAL

D12.12.3 PERFORMANCE GUARANTEE REQUIREMENTS
D12.12.4 FUNCTIONAL PERFORMANCE ASSESSMENTS
D12.12.5 VISUALLY ASSESSED PROPERTIES

D12.12.6 INSTRUMENTALLY ASSESSED PROPERTIES
D12.12.7 EVALUATION FOR ACCEPTANCE

D12.12.8 ADDITIONAL PROCEDURES TO BE ADOPTED IN THE EVENT OF FAILURE
D12.12.9 NOTIFICATION OF REMEDIAL WORK

D12.12.10 REMEDIAL WORKS

D12.12.1 SCOPE

No specific items in this Section.

D12.12.2 GENERAL

No specific items in this Section.

D12.12.3 PERFORMANCE GUARANTEE REQUIREMENTS

No specific items in this Section.

D12.12.4 FUNCTIONAL PERFORMANCE ASSESSMENTS

No specific items in this Section.

D12.12.5 VISUALLY ASSESSED PROPERTIES

No specific items in this Section.

12.12.6 INSTRUMENTALLY ASSESSED PROPERTIES

No specific items in this Section.

D12.12.7 EVALUATION FOR ACCEPTANCE

No specific items in this Section.

D12.12.8 ADDITIONAL PROCEDURES TO BE ADOPTED IN THE EVENT OF FAILURE

No specific items in this Section.

D12.12.9 NOTIFICATION OF REMEDIAL WORK

No specific items in this Section.

D12.12.10 REMEDIAL WORKS

No specific items in this Section.
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