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[bookmark: _Toc135317703]Scope
[bookmark: _Toc514678946][bookmark: _Toc886733][bookmark: _Toc886732]Austroads Technical Specification ATS 5130 sets out the requirements for the construction of soil nails for the strengthening of earth slopes. It includes:
supply of materials;
installation of soil nails;
compliance testing; and
concrete facing work on the slope surface. 


[bookmark: _Ref67325926][bookmark: _Toc135317704][bookmark: _Toc64027150]Referenced Documents
The following documents are referenced in this specification:
	Australian / New Zealand Standards
AS 1012	Methods of testing concrete
AS 1112.3	ISO metric hexagon nuts – Product grade C
AS 1214	Hot-dip galvanized coatings on threaded fasteners (ISO metric coarse thread series)
AS 1275	Metric screw threads for fasteners
AS 1627	Metal finishing – Preparation and pre-treatments of surfaces – Method selection guide
AS 3678	Structural steel – Hot-rolled plates, floorplates and slabs
AS 3959	Construction of buildings in bushfire-prone areas
AS/NZS 4130	Polyethylene (PE) pipes for pressure applications
AS 4131	Polyethylene (PE) compounds for pressure pipes and fittings
AS/NZS 4671	Steel reinforcing materials
AS/NZS 4678	Earth retaining structures
AS/NZS 4680	Hot-dip galvanized (zinc) coatings on fabricated ferrous articles 
AS 5100.3	Bridge Design - Foundations and soil supporting structures
AS/NZS ISO 9001	Quality management systems – Requirements

	ASTM International 
D1784	Standard Specification for Rigid Poly (Vinyl Chloride) (PVC) Compounds and Chlorinated Poly (Vinyl Chloride) (CPVC) Compounds
D3350	Standard Specification for Polyethylene Plastics Pipe and Fittings Materials 

	Austroads
ATS 2280	Horizontal Drains
ATS 2285	Supply of Flexible Strip Filter Drains
ATS 5310	Supply and Placement of Steel for the Reinforcement of Concrete 
ATS 5316	Cementitious Mortar and Grout 
ATS 5320	Placement of Concrete
ATS 5328	Sprayed Concrete
ATS 5420 	Supply of Bolts, Nuts and Washers





[bookmark: _Toc135317705]Definitions
[bookmark: 1.3.1_Definitions_–_Personnel][bookmark: 1.4_Work_Health_&_Safety_(WHS)][bookmark: 1.6.3_Principal_Supplied_Components][bookmark: 4_Design,_Specification,_Documentation_a][bookmark: _Ref67033267]The following definitions apply to this Specification.
	Annulus:
	Radial space between the soil nail and the drillhole wall.

	Instrumented Nail:
	A specially made soil nail in which strain gauges are installed to monitor the stress/ strain behaviour of the nail steel bar.

	Nail Head:
	The upper part of the nail composed of a bearing plate, nut and washer, and the portion of steel reinforcement protruding above the bearing plate.  For permanent nails in certain projects, the nail head may consist of a bent reinforcement bar to be covered by concrete facing.

	Professional Engineer:
	A person who:
1. has at least 5 years of relevant experience in the design / installation of soil nails;
is registered on any scheme of registration of engineers prescribed by legislation in the applicable jurisdiction;
is appropriately registered or prequalified if the Principal has implemented an applicable registration or prequalification scheme; and
satisfies at least one of the following requirements: 
i)	is a Chartered Professional Engineer; or
ii)	holds a 4-year civil engineering degree from a university that is accredited under the Washington Accord and is registered in a relevant area of practice on the National Engineering Register (in Australia) or the Register of Chartered Professional Engineers (in New Zealand).

	Soil Nail:
	A component of a soil strengthening system consisting of a reinforcement bar inserted centrally into a pre-drilled hole and grouted in place. A soil nail does not require post-tensioning. Typical details are shown in Figure 3.1.

	Test Load
	The maximum load (in kilonewtons) to which a soil nail is subjected in the short term for the testing described in Clause 10.

	Test Nail:
	A soil nail specially installed on site for testing in accordance with Clause 10. It does not form part of the permanent Works.
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Figure 3.1: Typical soil nail details
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[bookmark: _Toc514678947][bookmark: _Toc886734][bookmark: _Toc135317706]Quality System Requirements
[bookmark: _Ref9599800]The Contractor must prepare and implement a Quality Plan that includes the documentation in Table 4.1.
Table 4.1:  Quality Plan
	Clause
	Description of Document

	5.1
	Qualifications and experience of the Professional Engineer.

	6.1
	Details of the materials to be used and the method of storage and handling of the soil nail components.

	6.31
	Proposed grout mix proportions, the method of grout production and the results of trial grouting mix in accordance with ATS 5316.

	7.1
	Construction sequence, including method of excavation and staging of works.

	8.2
	Nominated personnel to supervise and carry out the work and details of method of installation, grouting and testing of soil nails, 

	9.2
	Where an instrumented Soil Nail is specified, the proposed instrumentation plans and details of the equipment

	10
	Details of the proposed test frequency and locations and procedures for undertaking the testing

	11.1
	Details of method of applying shotcrete (where applicable);



	[bookmark: _Hlk9589851][bookmark: _Hlk67035582]HOLD POINT 1.

	Process Held
	Commencement of works

	Submission Details
	[bookmark: _Hlk3530642]The Quality Plan must be provided to the Principal at least 10 working days prior to the commencement of work on site.


[bookmark: _Toc95118145][bookmark: _Toc135317707][bookmark: _Toc29489164][bookmark: _Ref55460709][bookmark: _Ref55470685][bookmark: _Toc1138829][bookmark: _Toc9850016][bookmark: _Hlk9434043]Professional Engineer 
[bookmark: _Ref83019112][bookmark: _Hlk101353392]Unless stated otherwise in the Contract documents, the Contractor must engage a Professional Engineer and ensure that the Professional Engineer complies with this Specification. The Quality Plan must include details of the qualifications and experience of the Professional Engineer.
The Professional Engineer must:
1. act independently of the Principal, Contractor and any of their sub-contractors, consultants and agents; 
1. act with the degree of professional, knowledge, skill, expertise, experience and care which would be reasonably expected of an expert professional providing geotechnical engineering services; and
1. provide copies of all reports and records prepared in connection with this Specification to both the Contractor and Principal.
The Principal and Contractor must not interfere with or attempt to improperly influence the Professional Engineer in the performance of any of its functions pursuant to this Specification. 
[bookmark: _Toc135317708]Materials 
[bookmark: _Toc135317709][bookmark: _Ref15996048]General
[bookmark: _Ref67394186][bookmark: _Ref55459413]The Quality Plan must include details of the materials to be used and the method of storage and handling of soil nail components. 
[bookmark: _Ref67394967]The Contractor must submit evidence that material comply with the requirements of this Specification to the Principal at least 10 working days before the commencement of installation of the Soil Nails.
	HOLD POINT 2.

	Process Held
	Commencement of installation of the Soil Nails.

	Submission Details
	Certificates of conformity for all materials used in the works must be provided to the Principal at least 10 working days prior to the commencement of work on site.


[bookmark: _Toc135317710]Soil Nails 
Reinforcement bars for soil nails must be Class N and Class E deformed steel bar which is supplied in accordance with ATS 5310.
Each delivery of steel bars must be accompanied by documentation showing the mill certificate and Lot number.
The steel bars must be threaded at one end. The thread must be ISO coarse pitch thread to AS 1275, unless an alternative thread profile has been approved by the Principal.
Steel bar must be hot-dip galvanized to AS/NZS 4680, except that the minimum average coating weight must be 600 g/m2 (equivalent to 85 µm thickness). After galvanising, soil nails must be passivated by dipping in a 0.045 % solution of sodium dichromate to prevent any adverse reactions between the zinc coating and the cement grout.
Each steel reinforcement bar must be carefully inspected to ensure that it is true to size and free from defects that may impair strength and durability.
[bookmark: _Toc135317711]Couplers
Any steel reinforcement bars longer than 12 m must be joined using mechanical couplers which comply with ATS 5310. The use of a coupler must not result in a decrease in the tensile strength of the joined bar assembly.
All couplers must be hot-dip galvanized to AS/NZS 4680 or galvanized by an alternative process approved by the Principal.
The couplers must be of dimensions that do not interfere with the grouting and installation of soil nails.
[bookmark: _Toc135317712]Nuts
Nuts and washers must be galvanised and comply with ATS 5420.
Nuts for soil nails must be grade C complying with AS 1112.3 and property Class 5 complying with AS 4291.2 or equivalent to suit the threaded end of the soil nail. The thread must conform to the ISO coarse pitch thread in accordance with AS 1275.
The Contractor may submit a proposal to the Principal to use a proprietary fastening system. The proposal must be supported by evidence that the level of performance will not be less than the equivalent system using nuts and washers.
[bookmark: _Toc135317713]Encapsulation (Corrugated Plastic Sheath)
Where specified on the Drawings, soil nails must be encapsulated in a corrugated plastic sheath sealed at the buried end.
The corrugated plastic sheath must be manufactured from high density polyethylene complying with AS 4131, with a minimum uniform wall thickness of 2.0 mm.
The corrugated sheathing must meet the requirements of either of the following:
1. ASTM D3350 for HDPE with cell classification 335533C, or
1. ASTM D1784 for rigid PVC with classification 13464B.
The pitch of corrugations must be within six to twelve times the sheath wall thickness, and amplitude of corrugations must be not less than three times the wall thickness.
The finished internal and external surfaces of the corrugated plastic sheath must be clean and free from flaws, pin holes, bubbles, cracks and other defects.
Where possible, corrugated plastic sheath must be unjointed for the full length of soil nail.
Where joints cannot be avoided, sheath joints must be provided by lapping of at least 100 mm together with liberal use of solvent glues appropriate for the sheathing material or with heat-shrink sealing. The strength of the joint must be at least 90% of the parent material. Joints must be such that the continuity of the protective system over the whole length of the nail is unimpaired with respect to the physical and electro-chemical barrier.
A screw-on cap or a heat-shrink boot must be placed on the end of the sheath in contact with the ground and bonded with an appropriate solvent glue or heat shrink sealing.
A manufacturer’s certificate of conformity must be provided to the Principal, which includes the following information about the corrugated plastic sheath to be used:
1. manufacturer’s name and current address;
1. full product name;
1. style, merge, or product code number;
1. outer and inner diameter;
1. wall thickness;
1. amplitude and pitch.
[bookmark: _Toc135317714]Centralisers
Centralisers must be manufactured from materials which have no deleterious effects to the reinforcing system and will not corrode. The centralisers must be of a shape that permits the free flow of grout but still performs the centralising function. They must not be compressible, bulky or cause decoupling of the grout or de-bonding of the grout/steel reinforcement interface.
Plastic slip-on centralisers or centralisers that rely on the grout tube spirally wound around the soil nail to act as centraliser must not be used.
Centralisers must be firmly fixed to the nails and to the encapsulation and must be provided both inside and outside of nail assemblies.
Centralisers must be provided at intervals not exceeding 1.5 m along the corrugated plastic sheath or reinforcement bar, with the first and last centraliser 0.3 m from the end of each nail, to ensure that it is centred within the drillhole. A minimum of 3 centralisers must be provided for each nail for the annulus between the drillhole and the corrugated plastic sheath/reinforcement bar, or between the bar and the drillhole.
Unless shown otherwise on the Drawings, the centralisers must ensure that following minimum grout cover is achieved at all locations:
1. 25 mm between the encapsulation sheath and the drillhole; 
1. 20 mm between the reinforcement bar and the encapsulation sheath; and 
1. if the bar is not encapsulated, 30 mm between the bar and the drillhole.
[bookmark: _Toc135317715]Grout Tubes
Grout tubes must have a minimum internal diameter of 12 mm for the core and outer annulus grouting and must be made from high-density polyethylene with a wall thickness of at least 2.0 mm or its equivalent to AS 4131. Tubing must be of adequate strength to resist damage during both installation and grouting.
Grout tubes must extend to the lowest portion of the drilled hole to ensure thorough grout penetration and must be securely fixed to the steel reinforcement to prevent displacement or dislodging.
Provide separate grout tubes for grouting the inside and outside of the encapsulated soil nail and for likely second stage grouting.
[bookmark: _Toc135317716]Grout
[bookmark: _Ref67036595]Grout must comply with ATS 5316.
	[bookmark: _Hlk67050193]HOLD POINT 4.

	Process Held
	Production of grout.

	Submission Details
	Refer ATS 5316.


[bookmark: _Toc135317717]Nail Heads and Bearing Plates
Where shown on the Drawings, nail heads and bearing plates must conform to the following:
1. Nail head and bearing plate components (including nuts, washers, etc.) must be fabricated from Grade 250 steel in accordance with AS 3678; and
1. All nail head components and the bearing plates must be hot-dip galvanized to AS/NZS 4680 or galvanized by an alternative process approved by the Principal, with a minimum average coating weight of 600 g/m2 (equivalent to 85 µm thickness).
Where indicated, the bearing plate must be provided with holes for the secondary grout injection and the return flow which ensure that no void exists between the primary grout surface and the bearing plate.
For permanent protection, nail heads and bearing plates must be covered with shotcrete of 50 mm minimum thickness.
[bookmark: _Toc135317718]Storage and Handling
All materials must be stored in clean and dry conditions and be protected against mechanical damage, weld splash, must be protected from contamination by marine spray, gross industrial atmospheric contamination and aggressive wind-blown sands. Reinforcement and UPVC pipes must be stored in straight lengths.
Galvanized steel reinforcement must be handled carefully to avoid punctures, fractures or wear of the galvanizing. Do not drag bare or galvanized steel reinforcement across abrasive surfaces or through deleterious materials such as surface soil.
When lifting long steel reinforcement and encapsulation, cradles to prevent excessive bending must be used.
[bookmark: 5_Product_Certification][bookmark: _Toc135317719][bookmark: _Ref55470766][bookmark: _Ref15469889][bookmark: _Hlk9598492]Materials for Concrete Facing
Where sprayed concrete is used, the materials for concrete must comply with ATS 5328. 
Unless specified in the Contract documents, the characteristic 28-day compressive strength of concrete must be not less than 32 MPa.
All shotcrete must be reinforced with steel reinforcing mesh using D500 SL81 mesh type (or as shown on the Drawings) complying with AS/NZS 4671 and hot-dip galvanized in accordance with AS/NZS 4680 except that minimum average coating weight must be 600 g/m2 (equivalent to 85 µm thickness).  Degreasing and abrasive blast cleaning or acid pickling of metal surfaces prepared for galvanizing must be in accordance with AS 1627.
Unless an alternative method of fixing the steel mesh reinforcement is shown on the Drawings, 800 mm long (which includes a 300 mm long cog), grade 500N, 16 mm deformed steel bars complying with AS 4671 must be used as anchor bars. The anchor bars must be hot dip galvanized in accordance with AS/NZS 4680 after bending.
[bookmark: _Toc135317720]Flexible Strip Filter Drains
Flexible strip filter drains must comply with ATS 2285.


[bookmark: _Toc135317721]Construction Sequence 
[bookmark: _Ref67393829]The Quality Plan must include:
1. details of the overall construction sequence;
1. the method of excavation and staging of works; 
1. if the soil nails are installed before applying sprayed concrete to the face of the soil, the measures that will be taken to preserve the integrity of the excavated face until sprayed concrete is applied; and
1. the procedure for inspection of the excavated soil face by a Professional Engineer.
If Test Nails are specified, the installation of permanent nails must not commence before testing of the Test Nails (refer to Clause 10) has been completed and associated Hold Points have been released. 
[bookmark: _Ref67395176]Unless otherwise shown on the Drawings or directed by the Principal, soil nail slopes must be constructed in an incremental, “top-down” manner in accordance with the following sequence:
1. For each construction stage, excavate the face of the cut over the width and depth as approved in the method statement or procedure
1. Excavation of individual “lifts” must not exceed a total depth of 2 m and must also not exceed a depth of 0.5 m below the row of soil nails to be installed, or the full depth of excavation in the case of the lowest row of soil nails.
1. The exposed slope face after each excavation “lift” must be inspected by a Professional Engineer. The Contractor must ensure that the inspection is carried out, unless it is stated in the Contract documents that the Principal will engage the Professional Engineer. 
	WITNESS POINT 1.

	Process 
	Exposed slope face after each excavation “lift”

	Notification Period 
	At least 2 working days before completion of excavation of a “lift”, advise the Principal of the availability of the excavated face for inspection by a Professional Engineer.


1. Installation and testing of soil nails together with installation of horizontal drains and flexible strip filter drains must commence immediately after excavation is completed and the grout has reached a minimum strength of 20 MPa and is at least 4 days of age. 
1. The time the exposed excavated face is left unsupported must be kept to a minimum to prevent any deterioration of the excavated face.
1. Construction of the concrete facing over the exposed face at the current construction stage may commence once the soil nails and drainage have been installed. Allowance for support of the facing during placement and for lapping of facing reinforcement must be made to ensure a continuously reinforced face.
1. Construction of subsequent rows of soil nails and concrete facing must be carried out in a similar manner, one row at a time.
1. Excavation for subsequent rows of soil nails cannot commence until the installation of the preceding row is fully completed and the concrete facing has attained sufficient strength to be self-supporting to permit further excavation to proceed. Excavation of subsequent lifts can only take place when the completed concrete facing of the previous lift has achieved sufficient strength to be self-supporting. This time period must not be less than 72 hours, unless otherwise approved by the Principal.
The construction sequence must not be changed from that specified in the Contract documents without the approval of the Principal.
[bookmark: _Ref78295217][bookmark: _Toc135317722]Soil Nail Installation 
[bookmark: _Toc135317723]General
[bookmark: _Ref67393418]Assembly and installation of the soil nails must be carried out by suitably qualified and experienced personnel. The Contractor’s supervisor(s) must have at least 5 years of experience in undertaking work of a similar complexity and be present while assembly and/or installation is in progress.
[bookmark: _Ref67393449]The Quality Plan must include:
1. details of the nominated personnel to supervise and carry out the work, together with evidence of relevant training and experience; and
1. detailed procedures / instructions for installation of the soil nails, including set out, drilling, insertion of soil nails, grout mixing, grouting and grout testing.
The assembled soil nails must be identified using clear markings and handled them with care.
Unless shown otherwise on the Drawings, the distance between the tip of the reinforcing bar and the bottom of the hole must not be less than 100 mm. 
[bookmark: _Toc135317724]Set Out and Drilling
Rotary or rotary-percussion drilling equipment must be used for drilling to ensure minimal remoulding of insitu materials within the drillholes. Drilling fluids, other than air, must not be used.
Holes for galvanized soil nails must be at least 100 mm in diameter or as shown on the Drawings.
During the drilling operations, records must be kept of the ground conditions encountered (identifying any changes in ground type), water levels, drilling rates, the method of cleaning the hole, geometric details and the bearing and inclination of the formed drillhole.
On completion of drilling, the drillhole must be cleaned of all loose and deleterious material and protect or seal the drillhole opening to prevent the entry of foreign matter. Cleaning must be carried out by flushing with air or compressed air using side jet bits, so as to ensure removal of all drill cuttings from the walls and bottom of the drillhole and to avoid excessive air pressure. Reinforcement may only be installed in a clean hole free of debris and foreign matter.
The drillholes for the soil nails must have adequate clearance from the nearby structures and be constructed within the following tolerances:
1. The deviation in alignment of the drillhole must not exceed 5°. Deviation from straight must not exceed 25 mm in any 1.5 m length of hole. 
1. The entry point of the drillholes must be located within ± 50 mm of its design position on the cut face;
1. The depth of the holes must be within a tolerance of –0, +100 mm;
1. An allowance for overdrilling (300 mm maximum) must be added to the depth where debris cannot be removed from the bottom of the hole;
1. The maximum deviation of the diameter of the drillholes from the design diameter is ± 10 mm.
[bookmark: _Toc135317725]Insertion of Soil Nails
Prior to soil nail installation, the drillhole must be cleaned of debris by air flushing methods.
Soil nails must be inserted in one careful operation at a controlled rate to avoid dislodgment of material from the wall of the drillhole and to ensure that centralisers and spacers are not displaced.
[bookmark: _Ref67395256]Any soil nail or its galvanized coating which is damaged during installation must be replaced. Insertion and grouting must occur as soon as practicable following drilling, but in any event must be completed within 24 hours after completion of drilling.
	WITNESS POINT 2.

	Process 
	Commencement of grouting

	Notification Period 
	At least 2 working days before the commencement of grouting.


[bookmark: _Toc135317726]Grouting Equipment
Grouting equipment for soil nail installation must be of a type, quantity and size which is suitable for the grouting required and is approved by the Principal. Keep the equipment clean and in good working order.
The equipment must include:
1. a purpose designed high speed mechanical stirrer capable of producing grout free of lumps within a mixing time of 2 minutes. Mixers must be fitted with a water volume measuring device for batching purposes;
1. a holding tank fitted with an agitator to provide continuous agitation of the grout at 100 rpm. The tank must be fitted with a dipstick to allow continuous measurement of the volume of grout in the tank; and
1. flow meter and pressure gauge to check the intake grout volume and the required pressure.
The pump used for grout injection must be of the positive displacement type (i.e., it must be actuated by a piston or screw) fitted with a bypass back to the agitator tank to allow a standby pump to be brought into operation immediately in the event of breakdowns during grouting operations.
[bookmark: _Toc135317727]Grout Mixing
Batching of the dry materials must be by weight. The amount of water used must be measured with a calibrated flowmeter or a measuring tank.
The grout must be mixed by adding initially approximately two-thirds of cement to the water, followed by the additive if any, and then the remaining one-third of cement. Mix the grout for a sufficient time to produce a grout of uniform consistency.
The grout mixing process must utilise a recirculating system where the grout is continuously discharged and recharged into the mixing unit during the mixing period. After mixing, keep the grout continuously agitated.
The grout must be passed through a nominal 1.2 mm wire cloth to ensure a uniformly mixed grout prior to injection. Use the grout as soon as possible after mixing and in any case within 30 minutes of adding cement, unless approved retarding agents are used.
Grout pumps must be efficient and capable of running continuously for the duration of the grouting operation. They must be capable of pumping the specified grout at a rate appropriate to that required for the operation.
[bookmark: _Toc135317728]Grouting
Grouting must be carried out by use of supply lines directly connecting the pumps to the down-hole grout tubes.
Inject grout through a grout tube to the bottom of the hole, at an injection pressure of not more than twice the overburden pressure measured at the top of the soil nail. The grout tubes must have a minimum internal diameter of 12 mm to ensure that blockages will not occur during grouting operations and must also be sufficiently robust to ensure that they are not damaged during handling.
During the grouting operation, the grout must displace all air and water and fill the hole in a continuous operation until the emerging grout is of the same consistency as the grout being pumped in. The grout level must then be checked by sitting for 5 minutes and top-up grout introduced if necessary to ensure that the soil nail is fully grouted.
The remaining void at the top of the drillhole must be plugged flush to the slope faces using a dry-packed 3:1 sand: cement mix. Grout that has overflowed from the hole as waste must be disposed of in accordance with the environmental management requirements included in the contract documents.
Alternative methods to ensure that soil nails are fully grouted may include overpouring the grout using a PVC tube extended sufficiently to allow for grout losses and prevent the formation of a horizontal construction joint in the grout. The choice of method must be adapted to the geology of the material and the extent of grout loss encountered. The degree of rock fracturing or presence of fill will affect grout loss.
During grouting of encapsulated soil nail, a separated grout tube extending to the bottom of the assembly both inside and outside the encapsulation must be installed. Inject grout in a controlled manner from the bottom to the top both outside and inside until the encapsulation is completely filled without separation. Maintain the grout level between the outside and the inside sheathing to not greater than 1 m to ensure minimal pressure variation across the sheathing.
Grouting must be discontinued if the ambient and grout temperature falls below 5°C.
The soil nail must be protected from accidental disturbance after grouting has been completed to ensure that damage of the grout/soil and grout/nail bond does not occur.
[bookmark: _Toc135317729]Loss or Leakage of Grout
If, during the grouting of any hole, the grout take increases suddenly and / or is 50% more than the estimated grout volume, the Principal must be informed immediately.
If, during the grouting of any hole, grout is found to flow from adjacent grout holes in quantities which in the opinion of the Principal are sufficient to interfere seriously with the grouting operation or to cause appreciable loss of grout, cap the adjacent holes temporarily and remove the steel reinforcement bar from the grouted hole. Grout, re-drill and re-grout the hole.
If, during the grouting of any hole, grout is found to flow from joints in the geological formation at the Site or any other locations, plug or caulk the leaks in a manner agreed by the Principal.
[bookmark: _Toc135317730]Bleed Testing
Sampling and testing of grout to determine the amount of bleeding must be undertaken in accordance with ATS 5316.
Samples must be provided not more than 30 minutes after the grout has been mixed and must be protected from moisture content changes before the tests for amount of bleeding are carried out.
[bookmark: _Toc135317731]Fluidity Testing
Sampling and testing of grout to determine the fluidity must be undertaken in accordance with ATS 5316.
[bookmark: _Toc135317732]Compressive Strength Test
[bookmark: _Ref67044373]During the production of grout, representative test specimens must be taken, cured and tested in accordance with ATS 5316. The frequency of sampling must not be less than that specified in Table 8.35.
[bookmark: _Hlk67305169][bookmark: _Hlk78358783]Table 8.35: Sampling frequency of test specimens
	Number of grout batches per day
	Minimum sampling frequency 
(number of pairs of cubes)

	1
	1

	2
	2

	3-5
	3

	6-10
	4


Unless specified otherwise, grout cubes must be tested at 7 day and 28 days.
If the result of any test for compressive strength of grout does not comply with the specified requirements, the Contractor must submit particulars of the proposed changes to the materials, grout mix or methods of production to the Principal, make further trial mixes and carry out further grouting trials unless prior agreement is obtained from the Principal. If necessary, the capacity of the soil nails comprising the batch must be downgraded and additional nails installed accordingly.
[bookmark: _Toc135317733]Fitting of Galvanized Nuts and Bearing Plates
[bookmark: _Ref67394597]Details of the method of fitting of galvanized nuts and bearing plates must be included in the Quality Plan.
 The bearing plate at the head of the soil nail must be fitted concentrically to the steel reinforcement with a tolerance of 5 mm and perpendicular to the steel reinforcement with a tolerance of 3°.
The methods used for bedding the bearing plate must ensure void-free contact over the full area of the plate.
After the grout has attained a minimum compressive strength of 32 MPa, the nuts on soil nails must be locked tight.
[bookmark: _Toc135317734]Construction Conformity Record
Conformity records must be submitted for each soil nail installation. The record must include the following:
1. soil nail identification number;
1. bearing, inclination, position, depth, and diameter of the formed drillhole;
soil/rock type encountered with depth during drilling;
water levels;
drilling rates;
cleaning procedure;
1. type and age of cement;
1. concentration and type of additive (if any);
1. water/cement ratio;
1. bleed characteristics of grout;
1. mixing equipment used;
1. mixing time;
1. size of grout pipe and length;
1. method of grouting;
1. time intervals between completion of soil nail hole drilling and start of grout injection;
1. time of completing grout injection;
1. volume of grout injected;
1. average injection pressure,
1. times and details of any interruptions;
1. test specimens taken and 7-day grout strength obtained;
1. estimated elastic extension for Suitability Test and Acceptance Tests.


[bookmark: _Toc135317735][bookmark: _Ref55484616]Instrumented Soil Nail
Where specified on the Drawings or in the Contract documents, the Contractor must install instrumented soil nails with attached strain gauges. Unless specified otherwise, the installation must generally be in accordance with the diagram of a typical soil nail structure with instrumentation include in Annexure B.
[bookmark: _Ref67393489]The Quality Plan must include proposed instrumentation plans and details of the equipment (i.e., datalogger and gauges).
Instrumented soil nails with attached strain gauges are installed to measure axial forces on the nails. The objective of the instrumentation is to ensure that the structure performs within the design requirements by measurement of tensile forces on selected soil nail bars.
The work must be carried out by a third-party geotechnical instrumentation specialist with proven experience in this type of work.
The instrumented soil nails must:
1. be supplied at least 3 working days before the commencement of soil nail installation;
1. protected and stored to prevent any damage to the gauges or associated cabling; and
1. properly labeled to identify its location (row and cross section detail).
If the location for the terminal box and concrete foundation pad is not shown on the Drawings, the Contractor must submit a proposal to the Principal for a suitable location which is readily accessible.
[bookmark: _Ref67395330]The Contractor must notify Principal of its intention to install a particular instrumented soil nail. 
	WITNESS POINT 3.

	Process 
	Installation of instrumented soil nail

	Notification Period 
	At least 5 working days before the commencement of installation of the instrumented nail.


The instrumented soil nail must be carefully inserted into the borehole to avoid damaging the strain gauges. The borehole must not be grouted until the strain gauge circuits at the readout box have been tested.
The Contractor must:
1. progressively install 100 mm PVC tubes (containing the draw wires) in a trench to the readout box, as shown on the Drawings;
1. connect the clearly labelled wires to the readout box with the correct soil nail number and strain gauge location;
1. provide electric power necessary to operate the readout box for the monitoring of soil nail instrumentation installed; and
1. provide unrestricted and safe access throughout the Contract for inspection and testing.
[bookmark: _Ref67298045][bookmark: _Toc135317736]Soil Nail Testing 
[bookmark: _Toc135317737]General
The Quality Plan must include:
1. details of the proposed test frequency and locations;
1. and procedures for undertaking the testing; and
1. calibration certificates, not older than 12 months, for the hydraulic jacks. 
[bookmark: _Ref67320531]The Contractor must carry out testing of the soil nails in accordance with Table 10.2. 
Table 10.2 Sail Nail Testing
	
	Test Type

	
	Type I 
	Type II 
	Type III

	Name of test
	Design Verification Test or Suitability Test.
	Exhumation Test.
	Production Test or Acceptance Test.

	Purpose
	Confirmation that the bond strength is achieved, and that the reinforcement will perform as designed.
	Validation that the proposed installation procedure will achieve the specified soil nail durability (included grout cover) and load capacity. 
	Measurement of quality control and verification that the nail is achieving the design requirements.

	Requirement for the test
	Mandatory.
	Only carried out if specified in the Contract documents.
	Mandatory.

	Frequency
	At least 3 tests for each type of soil profile encountered.  
	At least 3 tests for each type of soil profile encountered (unless an alternative frequency is specified in the Contract documents)
	For each layer of excavation, the greatest number of soil nails calculated based on the following criteria:
· 5% of the total number of soil nails;
· 2 soil nails per installation method;
· 2 soil nails per each soil type; and
· not less than 2.

	Nail Type
	All types.
	Only for steel soil nails without encapsulation.
	All types.

	Timing
	Prior to the installation of permanent nails.
	After Type I Testing and prior to the installation of permanent nails.
	During the installation of permanent nails.


The Test Loads are specified on the Drawings. All testing must be carried out under the direction of a Professional Engineer and witnessed by an authorized representative of the Contractor who must record the details of the test.
All Type I and II Test Nails must be installed in accordance with the details shown on the Drawings (or specified by the designer) and the following:
1. The free length must be sufficient to ensure that the applied loads are completely transferred to the design anchorage strata and is in no case less than 1.0 m; 
1. A suitable packer to prevent grout intrusion into the free length must be used; and
1. The bond length must be sufficient to allow for testing of bond strength between the bar and the grout and between the grout and the soil nail hole, and be longer of:
one half of the average bonded length of the production soil nails at each row of installation, and
3.0 m.
However, the bond length must be selected such that the ultimate geotechnical strength along the entire bond length is less than 80% of the ultimate structural strength of soil nail.
[bookmark: _Ref67392826][bookmark: _Ref67319899][bookmark: _Ref67323589]If any testing fails to meet the specified acceptance criteria, a Hold Point applies, and the Contractor must not proceed with subsequent testing or installation of permanent nails until:
1. the soil nail design and installation procedures have been reviewed and amended where necessary; and
1. further testing to verify the revised soil nail designs and installation procedures has been completed.
	[bookmark: _Hlk67322531]HOLD POINT 5.

	Process Held
	Subsequent testing or installation of permanent nails

	Submission Details
	Redesign / corrective action and addition test results must be submitted to the Principal prior to the subsequent testing or permanent nail installation.


[bookmark: _Toc135317738]Type I Testing
[bookmark: _Ref67395469]The Contractor must notify Principal of its intention to carry out a Type I Test. 
	WITNESS POINT 4.

	Process 
	Type I Testing

	Notification Period 
	At least 3 working days before the commencement of the test.


[bookmark: _Ref67319691]The following applies to Type I Tests:
1. The soil nail configuration and the drilling, installation and grouting procedure must be the same as proposed for the production nails;
1. The soil nails subject to testing are additional to the permanent nails shown on the Drawings;
1. The test load cycles must be undertaken in accordance with Clause 10.24; and
1. [bookmark: _Hlk67392779]The test results must be within the limit of the acceptance criteria in Clause 10.28.


[bookmark: _Toc135317739]Type II Testing
If Type II testing is specified, the exhumed nails must not be reused as production nails.
[bookmark: _Ref67395547]The Contractor must notify Principal of its intention to carry out a Type II Test. 
	WITNESS POINT 5.

	Process 
	Type II Testing

	Notification Period 
	At least 3 working days before the commencement of the test.


If, at any point, the cover of dense grout to the nail is less than the dimension specified on the Drawings (and in no case less than 40 mm), the test is deemed to have failed. 
The Contractor submits a proposal to the Principal to waive Type II testing. The proposal must include the following information:
1. evidence that steel soil nails with encapsulation sheath are to be used as a rock dowel; and
1. evidence that Type I tests in the same rock profile have been satisfactorily undertaken.
Any waiver is site specific and does not apply to the remainder of the project or on other projects.
A waiver for Type II testing will not be considered by the Principal if the soil nails are installed in fill, soils, residual soils, or extremely weathered to moderately weathered rocks or the average defect spacing of the rock within the bonded length of the soil nail is less than 100 mm or the Rock Quality Designator (RQD) is less than 50.
Clause 10.7 also applies to Type II testing. 
The Contractor must assess the load required to exhume the soil nail in order that the soil nail reinforcement will not fail prematurely under the Test Load and that the entire length of the soil nail can be exhumed from its drill hole.
The batch of soil nails used for the Type II sacrificial nails must be exhumed to verify the adequacy of the grout cover.  Precautions must be taken to avoid damage during exhumation to the grout column. The exhumed nails must be cut into 500 mm lengths and the minimum grout cover at each section must be photographed, measured and recorded.
If any section on any nail in the batch has a grout cover less than the specified minimum cover the Contractor must amend the installation procedure and conduct further exhumation tests until the specified minimum cover is achieved at each section of each batch.
[bookmark: _Toc135317740]Type III Testing
[bookmark: _Ref67395582]The installation of production soil nails must not commence until compliant test results of Type I tests and Type II tests (where specified) have been submitted to the Principal.
	[bookmark: _Hlk67318578]HOLD POINT 6.

	Process Held
	Installation of permanent nails.

	Submission Details
	Type I (and II if specified) test results must be submitted to the Principal at least 5 working days prior to the commencement of permanent nail installation.


The locations of the soil nails to be tested along each row of soil nails must be approximately evenly spaced in accordance with the drawings.  
All Test Nails which do not form part of the production nails must be trimmed to a minimum of 100 mm below the cut batter face and must be fully grouted on completion of the pull out test.
[bookmark: _Ref135321774]The test results must be within the limit of the acceptance criteria in Clause 10.28.
Further to Clause 10.5, if a Test Nail fails Type III testing, the reasons for the failure must be ascertained by a Professional Engineer and a report on the failure forwarded to the Principal. 
	[bookmark: _Ref67395655]HOLD POINT 7.

	Process Held
	Installation of remaining permanent nails (if a Type III test has failed)

	Submission Details
	The report on the failure from the Professional Engineer must be submitted to the Principal at least one working day (not less than 24 hours) prior to the recommencement of permanent nail installation.


The Contractor must install 2 additional soil nail tests on either side of any soil nail failing to meet the acceptance criteria and carry out any remedial measures necessary as a consequence of the failed test.
[bookmark: _Toc135317741]Test Load Cycles 
[bookmark: _Ref67321141]The Test Load must comply with the values in Table 10.24 a) and b) as applicable.
Table 10.24 a): Load testing for Type I and Type II testing
	Load cycle
	Load increment
(% of test load of each test nail as shown in Drawings)
	Minimum period of observation
(minutes)

	1
	5 → 25 → 5
	10

	2
	5 → 50 → 5
	60

	3
	5 → 75 → 5
	10

	4
	and thereafter the load is 100% of the Test Load. The Test Load must be limited to 80% of the ultimate tensile strength of soil nail bar.
	180


[bookmark: _Hlk67322061]Table 10.24 b):  Load testing for Type III testing
	Load increment (% of test load of each test nail as shown in Drawings)
	Minimum period of observation (minutes)

	10
	5

	40
	5

	70
	5

	100
	180 (Creep Test)

	70
	5

	40
	5

	10
	5


For all test types, the nail head movements must be recorded at 0, 1, 3, 5, 10 minutes and thereafter every 10 minutes up to maximum period of observation.
An initial load equal to 5% of the Test Load must be applied prior to commencing the load cycles. The applied load at each load increment must be maintained constant throughout the period of observation in Tables 10.24 a) and 10.24 b). At each time interval, the actual movements of the nail head independent of the base plate and the load cell reading must be recorded.
Results of the soil nail tests must be tabulated to show the nail head movements at each time interval specified in Table 10.24 a) and b).  The Contractor must provide a copy of the results to the Principal in an acceptable electronic format within 24 hours of completing any individual test.
[bookmark: _Toc135317742]Acceptance Criteria
[bookmark: _Ref67392608]The test is accepted if:
1. At the Test Load:
1. the plot of nail head displacement with log time is linear and displays a decreasing rate of creep, and 
1. the creep rate must be less than 2 mm per log cycle of time; and
1. The differential movement of the nail head under the Test Load is less than 0.2% of the bonded soil nail length.
[bookmark: _Toc135317743] Measurement of Loading and Movement
[bookmark: _Hlk67303560]Displacements must be measured in accordance with the following:
1. Use two dial gauges mounted on a tripod or fixed to a rigid support that is independent of the jacking mechanism and the soil nail. 
1. The dial gauge must be capable of measuring to an accuracy of 0.01 mm. 
1. Dial gauges must be set up so as to avoid any misalignment and eccentricity to the direction of movement of the soil nail and zeroed after alignment and initial load has been applied.
1. A stable datum to measure the movement at the bar head must be established.
1. Movements of the bar head relative to the datum must be measured to an accuracy of ± 0.1 mm.
Loading must be measured in accordance with the following:
1. A hydraulic jack, with a minimum travel of 150 mm, must be used to apply the load.
1. The load must be applied to the soil nail via a load bridge to ensure that the surface reaction is clear of the soil nail.
1. The applied load must be measured with a centre hole load cell in series with the jack for use during tests.
1. The readout unit of the load cell must be digital.
1. The applied load cell must be measured with an accuracy of ±1 kN or better.
The hydraulic jack must be calibrated in accordance with the following:
1. The calibration certificates (less than 12 months old) for the load cell and readout unit prior must be submitted to the Principal prior to the soil nail testing. 
1. The calibration must be undertaken by a registered NATA laboratory. 
1. The load cell and the readout unit must be calibrated as a set.
1. The identification numbers on the field test equipment must match the identification numbers on the calibration data sheets.  
1. Care must be taken to ensure that the load cell is properly aligned with the axis of the soil nail bar and the jack.
The calibration certificate must be accompanied by the related calibration curve and tabulated record of the load recorded by the load cell against actual applied load. The calibration for the loading and unloading operations of the jack must be performed over its full working range.
Details of the installation, load measuring and movement measuring devices and the method of calculating/defining the bar elastic extension must be included in the Quality Plan.
[bookmark: _Toc135317744]Records of Tests
[bookmark: _Ref78362568]The Contractor must keep records of all testing carried out and submit the records to the Principal. The records of each test must include:
1. Date;
1. Soil nail number;
1. Number of tests carried out;
1. Load/ extension measurements;
1. Any variations from the specified procedure;
1. Details of test results;
1. Any unforeseen or unusual conditions encountered;
1. Time intervals between completion of test soil nail hole drilling and start of grout injection;
1. Actual and calculated bar extensions, including and excluding elastic bar extension.
[bookmark: _Ref67395723]The soil nail head and bearing plate movements must be tabulated and plotted on a graph, together with all other relevant information, in a format which is acceptable to the Principal.

	HOLD POINT 8.

	Process Held
	Acceptance of Permanent Nails and placement of facing.

	Submission Details
	Installation records and the test results on the permanent nails must be submitted to the Principal within 3 working days of test completion and prior to installation of the concrete facing.


[bookmark: _Ref67393695]

[bookmark: _Toc135317745]Placement of Concrete Facing
[bookmark: _Toc135317746]General
[bookmark: _Ref135321744]The concrete facing must be constructed from either formed concrete or shotcrete and reinforced with galvanized steel mesh/bars as shown on the Drawings.
Formed concrete must be placed in accordance with Specification ATS 5320 and sprayed concrete in accordance with ATS 5328.
[bookmark: _Toc135317747]Slope Surface Preparation
Slope surface preparation for shotcrete must be carried out in accordance with ATS 5328.
During placement of concrete, the drainage system must be protected against contamination to ensure proper functioning.
Thickness measuring pins must be installed on a 1.5 m square grid with a minimum 75 mm cover to reinforcement. These must be durable, non-corrosive and of sufficient length to provide adequate fixity during application of formed concrete or shotcrete.
Alternative methods for ensuring that the required minimum thickness of concrete is being applied may be approved by the Principal. Steel reinforcement must be firmly fixed to prevent movement and vibration while the shotcrete is being applied.
[bookmark: _Toc135317748]Installation of Steel Mesh Support Anchor Bars
[bookmark: _Ref67395820]The steel mesh must be held firmly in position during shotcreting so that the mesh remains within the specified tolerances. The Contractor must notify the Principal of its intention to commence installation of the supports for the steel mesh.
	WITNESS POINT 6.

	Process 
	Installation of the supports for the steel mesh 

	Notification Period 
	At least one working day (not less than 24 hours) before the commencement of the installation.


Where anchor bars inserted into grouted drillholes are used, immediately prior to installing the bar, the walls of the drillhole must be cleaned of all deleterious materials or accumulations. The hole must be gauged to confirm that it is unobstructed for the full depth and diameter. Grouting of the anchor bar must be carried out in accordance with Clause 8 and the anchor bar must be installed within the specified tolerances.
[bookmark: _Toc135317749]Horizontal Drains
If horizontal drains using slotted pipes are specified on the Drawings, the materials and installation must comply with ATS 2280.
[bookmark: _Toc135317750]Application of Shotcrete
Shotcrete must be applied, cured and tested in accordance with ATS 5328.
Shotcrete must be applied in successive layers not exceeding 75 mm in thickness and with adequate adhesion to the surface or previous layers of shotcrete to prevent slumping or sagging.   Unless approved otherwise, complete shotcreting to a whole panel (preferably not less than 10 m in length) prior to shotcreting the next panel.
Adjoining rock areas not required to be shotcreted must be protected from splash and spray rebound. Splash or rebound material must be removed from these adjoining surfaces by air-water jet or other suitable means as work proceeds.
Shotcrete must not cover or impair the function of slotted pipe drain or strip drain outlets which protrude through the shotcrete layer. Temporary plugs to protect such outlets during the shotcreting process may be used.
[bookmark: _Toc135317751]Construction Joints
Construction joints must be kept to a minimum, and their types and locations must be approved by the Principal.
Construction joints must be formed by one of the following methods:
1. Placing or trimming the joint edge not more than 45° with the base;
1. Forming an approximately square joint to part depth by placing the shotcrete against a former or making a cut to the depth of the reinforcement; or
1. Forming a full-depth square joint placed against a former.
Where a 30° taper is adopted for a construction joint, it must not be used as an end of day joint. Such tapered joints must be thoroughly cleaned and wetted by air water jet before continuing application of the adjoining shotcrete layer.
The shotcrete must be tapered over approximately 500 mm from the edges of the mesh (where used). Completely backfill any cut back areas with the final layer of shotcrete flush with the adjacent slope face.
[bookmark: _Toc135317752]Checking Integrity of Shotcrete
The integrity of the shotcrete must be tested for hollow areas by sounding with a hammer not more than 24 hours after placement.
Alternative methods may be used, subject to the prior written approval of the Principal.
Defective areas must be rectified by removal and replacement with fresh material with the area to be treated being a minimum of 300 mm x 300 mm and subject to the approval of the Principal. shotcrete which lacks uniformity, exhibits segregation, honeycombing, or lamination or shows evidence of other defects (e.g., dry patches, sand pockets or sagged slumped material) must be removed and replaced with fresh shotcrete.
[bookmark: _Toc135317753]Sub-Surface Drainage
Unless an alternative drainage system is shown on the Drawings, geocomposite strip drains must be securely fixed to the excavated soil face prior to construction of the sprayed concrete wall and must be masked to prevent concrete adhering to the filter face. If the spacing of the strip drains is not specified on the Drawings, the strip drains must not be more than 3.0 m apart.
The low point of each strip drain must be connected to a collector pipe with outlets to a spoon drain in front of the wall or as specified on the drawings. The collector pipe must be fitted with a flush-out riser connected to an inspection opening at the top of the wall as shown on the drawing.
Preformed PVC fittings must be used for all connections between strip drains and the collector pipe and all connections must be sealed and protected to prevent ingress of concrete during concrete spraying.
The collector pipe must be flushed within 4 hours of the completion of the sprayed concrete surrounding it.
[bookmark: 13.1_General][bookmark: 13.2_Test_and_Inspection_Reports][bookmark: _bookmark11][bookmark: _Toc26182495][bookmark: _Toc135317754]Annexure A:	Summary of Hold Points, Witness Points and Records
The following is a summary of the Witness Points / Hold Points that apply to this Specification and the Records that the Contractor must submit to the Principal to demonstrate compliance with this Specification.
	Clause
	Hold point
	Witness point
	Record

	4.1
	Commencement of works 
	
	Quality Plan

	6.2
	Commencement of works
	
	Certificates of conformity for all materials

	6.31
	Production of grout
	
	Refer ATS 5316

	7.3
	
	1. Exposed slope face
	

	8.12
	
	2. Commencement of grouting
	

	9.7
	
	3. Installation of instrumented soil nail
	

	10.5
	Subsequent testing or installation of permanent nails after test failure
	
	Redesign / corrective action and addition test results

	10.6
	
	4. Type I Testing (where specified)
	

	10.9
	
	5. Type II Testing (where specified)
	

	10.18
	Installation of permanent nails
	
	Test results (where specified)

	10.22
	Installation of remaining permanent nails (if a Type III test has failed)
	
	Test results

	10.34
	Acceptance of Permanent Nails and placement of facing
	
	Test results and installation records

	11.7
	
	6. Installation of the supports for the steel mesh
	




[bookmark: _Toc135317755]Annexure B:	Soil Nail Instrumentation Requirements 
Unless specified otherwise, any soil nail instrumentation must generally follow the configuration in Figure B1 and the requirements in Table B2.
[bookmark: _Hlk67049338]Figure B1: Typical soil nail structure with instrumentation
[image: ]


Table B2: Typical soil nail instrumentation requirements
	Item
	Instrumentation
	Details

	1.
	Strain gauge type
	Weldable vibrating wire type strain gauges to measure directly axial tensile forces.
Vibrating wire gauges to be calibrated over the expected range of forces to the soil nail bars calculated by the Designer.
Output of the vibrating wire gauges to be in terms of frequency calibrated to load.

	2.
	Location of gauges
	For each instrumented cross section, gauges must be installed on rows of soil nails as shown on the Drawings. Each nominated soil nail must have strain gauges installed along the bar at locations shown on the Drawings.
A typical arrangement is shown in Figure R64/E.1.

	3.
	Temperature sensors
	For each cross section one temperature sensor must be installed in the soil nailed structure approximately 3 metres behind the facing. The temperature sensor may be a thermocouple device

	4.
	Number of instrumented cross sections
	The Designer will nominate the number of instrumented cross sections depending on the Project and the criticality of the structure.

	5.
	Total number of gauges
	The Designer will nominate the number of vibrating wire type load – strain gauges. In addition, one pair of strain gauges must be installed near the front end of the soil nail to measure shotcrete facing effects.

	6.
	Gauge calibrations
	Strain gauges must be calibrated on an instrumented soil nail test bar in the laboratory to determine the axial load/strain frequency response of the system.

	7.
	Sheath protection of gauges
	All gauges must be waterproofed by protective heat shrink plastic and electrical tape.

	8.
	Installation of gauges
	Gauges must be micro- welded securely onto the soil nail bars to ensure correct readout of load/strain.
Gauges and wiring must not interfere with the installation or grouting process of the soil nails.

	9.
	Installation of instrumented soil nails
	Instrumented soil nails must be carefully installed using dedicated lifting slings to eliminate bending or flexing of the soil nails during insertion into the drill holes. Flexing or mishandling of the instrumented soil nails may induce unwanted tension into the gauges which must be avoided.

	10.
	Installation gauge checks
	After installation but prior to grouting for the particular soil nail, all gauges must be checked for correct readout and electrical continuity.

	Item
	Instrumentation
	Details

	11.
	Monitoring of gauges during construction
	Gauge readings must be taken at the following stages:
24 hours after grouting,
Prior to shotcreting,
24 hours after shotcreting, and
2 days after each excavation stage as shown on the Quality Plan.

	12.
	Ducts and cabling
	Cabling must be housed in electrical PVC ducting placed under the shotcrete or concrete facing. The ducting must be waterproof.
Sufficient cabling is required for all gauges to reach the datalogger device.

	13.
	Data logger
	A multichannel datalogger device (48 channel) is required. The number of channels may vary depending on the actual instrumentation requirements of the Designer.
The datalogger must be capable of continuously recording gauge data up to 6 months in internal memory.
The datalogger must be capable of being programmed to taking readings from all gauges/sensors every 6 hours. Multiplexing may be used.

	14.
	Datalogger power supply
	Either dedicated 240V mains voltage or power from solar cell panels is required. Solar cell panels must be installed on a separate mast above the readout box and vandal proof.

	15.
	Datalogger output
	The datalogger must be supplied with modem facility for remote downloading of monitoring information.

	16.
	Datalogger labelling
	All cabling from gauges must be clearly labelled to the datalogger to indicate gauge number, soil nail location and cross section details.

	17.
	Terminal box
	A heavy-duty steel terminal box (lockable and vandal proof) must be supplied to house the datalogger. The box must have a front door opening with steel hinges.
Cabling must run in PVC ducting from the underside of the terminal box.

	18.
	Concrete pad
	A reinforced concrete pad must be supplied as a foundation for the terminal box.

	19.
	Trenching requirements
	All cabling from the instrumented sections must run through 100 mm PVC ducting to the terminal box. Trenching is required to lay the ducting to a depth of 300 mm. Trench backfill must be compacted to cover the ducting.
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