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(c) Flakiness Index 

 Flakiness Index tests shall be undertaken on aggregate sizes of 10 mm or above. 

  (i) For all source rock with an assigned Los Angeles Value of 25 or less, the Flakiness 

Index of aggregate shall not exceed the values specified in Table 401.043. 

Table 401.043  Flakiness Index Requirements (LAV ≤25) 

Class of 

Aggregate 

Flakiness Index 

(max % by mass) 

Individual Test 

A 25 

B 30 

  (ii) For all source rock with an assigned Los Angeles Value of more than 25, the 

Flakiness Index of aggregate shall not exceed the values in Table 401.044. 

Table 401.044  Flakiness Index Requirements (LAV >25) 

Class of 

Aggregate 

Flakiness Index 

(max % by mass) 

Individual Test 

B 25 

 

(d) Grading 

 The grading by mass of one sized aggregate shall conform to the relevant requirements of 

Tables 401.045. 

Table 401.045  Grading Envelopes and Minimum ALD Requirements for 

Class A and B Aggregate 

Sieve Size 

(mm) 

Percentage Passing AS Sieve (by mass) 

Nominal Size of Aggregate 

20 mm 
14 

mm 

10 

mm 
7 mm 5 mm 

26.5 100     

19.0 85-100 100    
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13.2 0-35 
85-

100 
100   

9.50 0-5 0-30 
85-

100 
100  

6.70 0-2 0-5 0-40 
85-

100 
100 

4.75   0-5 0-35 
85-

100 

2.36    0-5 0-35 

0.075 0-1.0 0-1.0 0-1.0 0-1.0 0-1.0 

Minimum 

ALD 
10.0 7.0 5.0 3.5  

 

 

 

(e) Average Least Dimension 

 For 7 mm aggregate and larger, testing of ALD values is required for each lot of aggregate 

supplied under the Contract in accordance with the relevant ALD test methods contained. 

Refer VicRoads Codes of Practice 500.09 and 500.16. 

 

401.04 PRECOATING OF AGGREGATE 

Aggregate shall be precoated with suitable precoating material and each particle shall be 

uniformly coated to the satisfaction of the Engineer. 

Precoating material shall be in accordance with Clause 402.07 

 

401.05 TESTING 

Unless otherwise specified, testing of aggregate shall be based on lot testing. A lot shall consist 

of not more than 30 m3 of aggregate of the same class and size, and which is uniform in 

appearance and has been produced under the same conditions.  Each lot shall be assigned a 

unique identification number. Three samples shall be taken essentially at random from each lot 

prior to delivery to stack sites. The samples shall be taken not more than 30 days prior to delivery 

of material in the lot and tested for compliance with the specified requirements in accordance 

with both the individual test results and the mean of the individual test results for each lot. Any 

aggregate which appears not to comply with the specification shall be excluded from the lot before 

sampling commences and where necessary shall be tested separately. 
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A representative sample shall be taken at random from each lot and tested for compliance with 

the specified requirements.  

The Contractor shall not proceed or continue with the sealing until tests on the samples have 

been performed and the Engineer has given permission to proceed. 

 

401.06 DELIVERY 

Aggregate shall not be delivered directly from stockpiled lots at the quarry to the stacksites unless 

the aggregate has been tested and meets the acceptance of all test requirements to the 

satisfaction of the Engineer. 

Where delivery of aggregate is made to stacksites at or near the site of the sealing works, delivery 

shall be made to separate identifiable stacks for each lot of aggregate tested. Once delivery is 

commenced the Contractor shall continue to promptly complete the delivery of the entire lot. 

 

401.07 AGGREGATE STACKS 

Aggregate shall not be delivered directly from stockpiled lots at the quarry to the stack sites unless 

the aggregate has been tested and meets the acceptance of all test requirements to the 

satisfaction of the Engineer. 

Aggregates stacks shall be so placed at locations such as intersections and curves so that they 

do not unduly reduce sight distance. Stacks shall not be placed under or immediately adjacent to 

electric power lines or, where the overhead clearance is less than 6m, under trees or structures. 

Stacks shall be placed clear of the road formation, drain, gateways and side tracks and the toes 

of the stacks shall not be less than 1 m form any obstructions which could impede the operation 

of mechanical loading equipment. Aggregates shall be stacked on prepared surface that is free 

from vegetation and large stones, is self-draining and can take the weight of construction vehicle 

without wheel rutting.   

Where delivery of aggregate is made to stacksites at or near the site of the sealing works, delivery 

shall be made to separate identifiable stacks for each lot of aggregate tested. Once delivery is 

commenced the Contractor shall continue to promptly complete the delivery of the entire lot. 
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SECTION 402 – PRIMING, PRIMERSEALING AND SEALING 

402.01 DESCRIPTION 

This section covers the equipment for priming, primersealing and sealing. The requirements 

relate to quality of bituminous materials, cleaning of the surface to be treated and supply, delivery 

and application of bituminous materials, cleaning of the surface to be treated and supply, delivery 

and application of bituminous materials and aggregates. 

 

Unless otherwise specified, sprayed seal treatments shall be designed in accordance with 

Austroads Guide to Pavement Technology – Part 4K Selection and Design of Sprayed Seals 

(2018 or latest version). 

 

402.02 DEFINITIONS 

(a) Priming 

An initial treatment comprising of the application of a bituminous primer to a prepared 

granular pavement base without cover aggregate. 

(b) Primersealing (initial seal) 

An initial treatment comprising of the application of a bituminous primerbinder and 

covered with sand or aggregate to a prepared basecourse which has not been 

primed to provide a temporary bituminous surfacing. 

(c) Sealing 

The sprayed application of bituminous binder to a previously primed or sealed 

surface followed by an application of aggregate. Types of sprayed seals include: 

• Conventional (C), where the bituminous binder is Multigrade 500/170 

(M500/170) bitumen or suitable alternative as approved by the Engineer. 

• A Geotextile Reinforced Seal (GRS) where the bituminous binder is 

reinforced with a geotextile fabric to treat extensively cracked pavements. 

(d) Cutting back 

The addition of cutter to bitumen. 

(e) Binder 

Bitumen, cutback bitumen or emulsified bitumen. 

(f) Residual Binder 
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Binder which includes bitumen but not cutter or other additives. In the case of bitumen 

emulsion, it is binder which remains after water has separated. 

(g) Geotextile 

A synthetic fabric used to reinforce spray seals to improve water proofing and 

resistance to reflection cracking. 

(h) Adhesion Agent 

A wetting agent designed to promote adhesion of binder or primerbinder to stone 

 

 

402.03 BITUMINOUS MATERIALS 

(a) Supply 

 Bituminous materials shall be provided by the Contractor. 

 For the purpose of this section bituminous materials shall be include binders, 

cutters and adhesion agents. 

 Any offer to supply a material which is subject to approval by the Engineer or 

which does not comply with the requirements of 402.03 (b) to 402.03 (f) 

inclusive shall be accompanied by a statement setting out the properties of the 

material and the suppliers recommend application method. 

(b) Primer 

The primer to be used shall be one of the following: 

 Cutback bitumen complying with AS 2157 ‘Cutback Bitumen’ 

 Proprietary grades of special cutback bitumen provided that the proprietary 

product is approved for the Contract by the Engineer. 

 Field produced medium curing cutback bitumen primers manufactured by 

blending Class 170 bitumen and cutter in accordance with Table 402.031. 

The primer shall be of a suitable class to ensure penetration into the pavement 

surface and when cured, be waterproof, of uniform appearance and capable of 

providing a strong bond between the bituminous surfacing and the pavement. Primer 

classification and its viscosity shall be in accordance with AS 2157 
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Table 402.031 Field produced medium curing cutback bitumen primers 

Classification Parts by volume at 15°C Equivalent % of Cutter 

in Mixture Class 170 

bitumen 

Cutter 

Light 100 100 50 

 

(c)  Primer binder 

The prime binder to be used shall be one of the following: 

 Proprietary grades of special cutback bitumen or bitumen emulsion provided 

that the proprietary product is approved by the Engineer.  

 AMC 5 or AMC 6 grade of cutback bitumen complying with AS 2157 

 Field produced cutback bitumen manufactured by blending Class 170 bitumen 

and cutter in accordance with Table 402.032. Adhesion agent when directed 

shall be added to field produced primer binder in the proportion of one part by 

volume of adhesion agent per 100 parts of bitumen measured at 15°C. 

 The primerbinder shall be waterproof and capable of penetrating into and 

adhering to the pavement surface while retaining sufficient binder on the 

surface to hold the aggregate in place. 

 

2 Field produced medium curing cutback bitumen primer binder 

Primer binder 

Classification 

Field Produced Primer binder 

 [Parts by Volume at 15°C] 

 
Class 170 

Bitumen 
Flux Cutter Oil 

Heavy 100 0 13 

Very heavy 100 0 8 

 

(d) Bitumen 

Bitumen shall be Class 170 complying with the requirements of Australian Standard 

2008 –Bitumen for pavements, or equivalent, with the additional requirements that the 

minimum time to reach the specified apparent viscosity level shall be 9 days when 

tested in accordance with Australian Standard 2341.13 – Determination of Durability 
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of Bitumen. 

 

 (f) Cutter 

Cutter shall be kerosene, Jet A1 aviation fuel or other similar product approved by the 

Engineer.  Cutter shall comply with the current Australian Standard for Oils for reducing 

the viscosity of residual bitumen for pavements.  

(g) Adhesion Agent. 

Adhesion agent may be added to the aggregate precoat, binder or primerbinder to 

promote adhesion to the cover aggregate and/or pavement surface. The type of 

adhesion agent and the percentage to be used shall be subject to the Contractor 

providing evidence that the proprietary product has satisfactory field performance. 

When adhesion agent is added to the binder or primerbinder, the total volume of 

adhesion agent and diluent shall not exceed 1% by mass of the binder. 

(h) Geotextile 

The geotextile fabric used for a geotextile reinforced seal shall be a non-woven needle 

punched fabric. The mass of the fabric shall be a minimum of 135 g/m² for seals of 

nominal maximum size of 14 mm and under, and 175 g/m² for seals of nominal 

maximum size of larger than 14 mm.  The geotextile fabric shall have a melting point 

at least 10ºC above the maximum binder spraying temperature. 

 

 

402.04 AGGREGATES 

Aggregates shall be supplied by the Contractor and shall comply with the requirements of Section 

401. 

 

402.05 PLANT 

All plant and equipment shall be supplied by the Contractor and shall be in sound mechanical 

condition and shall comply with the following requirements: 

(a) Rotary road brooms 

Rotary road brooms shall be drawn, tractor mounted or self-propelled and shall have a 

broom core width of not less than 1.5m. 

(b) Sprayers 
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All sprayers must meet the performance requirements as described in Austroads 

Publication No. AP–T181/11 Performance Requirements for Bitumen Sprayers 

Sprayers used for application of bituminous materials shall have a current of 

calibration showing compliance with Austroads Test Methods for Calibration of 

Bitumen Sprayers AGPT-T530 and AGPT-T533, AGPT-T535 or E2 certification Civil 

Contractors New Zealand. Calibration shall be renewed every 12 months or 

whenever any sprayer has its spray equipment overhauled or replaced. Only 

sprayers that have been checked and calibrated to the satisfaction of the Engineer 

and for which spraying tables that have been issued shall be used. 

(c) Aggregate loading equipment 

Equipment for loading aggregates shall be a loader with minimum bucket capacity of 1 

m3. 

(d) Aggregate spreaders 

Aggregate spreaders shall be capable of uniformly spreading aggregates in a single 

layer from the rear of a tipping truck to a width up to the full width of the truck. 

(e) Drag brooms 

Drag brooms shall be capable of evening outspread aggregates without damaging the 

work and shall be so constructed that the pressure on the broom bristles can be 

controlled. 

(f) Rollers 

Rollers shall be self-propelled pneumatic tyred multi-wheeled rollers having a mass not 

less than 8 tonnes and tyres of equal size. Rear wheels shall be offset relative to front 

wheels to give overlapping tyre paths and complete coverage for the effective width of 

the roller. Tyres shall be capable of being inflated to 700kPa. 

(g) Watering Plant 

Watering plant shall have spray bar capable of uniformly distributing a fine spray water 

on the road and shall be fitted with rapid acting shut off values. 

 

402.06 COMMENCEMENT OF WORK 

(a) Periodic Resurfacing and Maintenance Works 

Within 2 weeks of the Date of Award of Contract the Contractor shall submit to the 

Engineer for review the sealing program for the whole of the works. During the period 
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of the Contract, the Contractor shall submit by the preceding Thursday a detailed 

program of planned sealing jobs for the following week for review by the Engineer, 

including planned dates for each sealing job. 

(b) Construction Projects 

The Contractor shall include details of all sprayed bituminous surfacing works on the 

Construction Program. 

During the period of the Contract, the Contractor shall submit by the preceding 

Thursday a detailed program of planned sprayed bituminous surfacing works for the 

following week for review by the Engineer, including the planned sprayed bituminous 

surfacing works for each day. 

 

402.07 PREPARATION OF BITUMINOUS MATERIALS 

(a) Temperature and heating 

Except as otherwise provided below, the temperatures of bituminous materials shall 

not exceed the upper limits specified in Table 402.071 and, at the time of spraying, 

shall be within the range specified in that table. Higher temperatures will be permitted 

for freshly blended field produced cutback bitumen primer binders provided that the 

temperature of Class 170 bitumen prior to blending does not exceed 185°C and that 

the Primer binder is not reheated to a temperature higher that that specified in Table 

402.071. 

For cutback bitumen binder, the spraying temperature shall be determined from the 

Table 402.072. Materials shall be continuously circulated of a rate not less than 1000 

L/min during heating. Circulation shall continue for at least 20 minutes after heating 

has stopped. 

Materials shall not be heated at a rate more than 40°C(100°F) per hour. 

Table 402.071 Temperature and heating properties of bituminous materials 

 Material Temperature °C 

Minimum Maximum 

Very Light Primer (AMC 00) 10 30 

Medium (AMC 0) 35 55 

Heavy cutback bitumen Primer binder 

(AMC 5) 

120 135 
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Very heavy cutback bitumen Primer 

binder (AMC 6) 

135 160 

Class 170 bitumen, Multigrade Bitumen 175 190 

Cutback bitumen Table 402.072 

 

 

Table 402.072  Spraying Temperatures of Fluxed and/or Cutback Bitumen 

Binder 

Cutter, Parts by 

Volume per 100 

parts of Class 170 

Bitumen at 15°C 

Flux Oil, Parts by Volume per 100 parts  Class 170 

Bitumen at 15°C 

 0 2 4 

 Temperature at °C 

 Min Max Min Max Min Max 

0 175 185 170 183 165 180 

2 170 183 165 180 162 177 

4 165 180 162 177 159 174 

6 162 177 159 174 157 172 

8 159 174 157 172 154 169 

 

(b) Cutting back of binder 

Cutting back of binder for sealing shall be done in the sprayer, located near the job 

site, and in the presence of the Engineer Representative. The proportions of cutter 

shall be as directed by the Engineer. The Engineer may direct that an adhesion agent 

be added to the binder at a rate of one part by volume of adhesion agent per 100 parts 

of bitumen based on the volume of bitumen at15°C. The mixture shall be circulated in 

the sprayer tank for not less than 20 minutes after all materials have been added. 

(c) Blending of primer binder 

Where primer binder is blended in a sprayer, the mixture shall be circulated at a rate 

of not less than 1000 L/min. After all materials have been added circulation shall 

continue for a period at least 20 minutes. 

(d) Precoating Material / Fluid 
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Precoating fluid shall consist of diesel fuel oil or cutter mixed with between 20 to 30 

parts of C170 bitumen or suitable alternative as approved by the Engineer. 

A typical precoating material shall have a viscosity in the range 0.003 to 0.020 Pa.s at 

60oC and contain a bitumen residue of between 25% and 40% by mass and an 

adhesion agent of 1% by volume at normal concentration. 

 

402.08 PRE-COATING OF AGGREGATES 

The Contractor shall either supply plant precoated aggregate from the aggregate supplier or field 

precoated aggregate from the stacksite. 

 

402.09 RATES OF APPLICATION 

Rates of application of primer, primer binder and binder will be expressed in terms of hot volume 

per unit area (L/m²). In the case of binder, rates of application refer to binder including cutter. 

Where it is necessary to apply correction factors for temperatures the multipliers shown in Table 

402.091 shall be used. 

Table 402.091  Temperature Correction Factors 

Product Temperature 

(°C) 

Hot to Ambient Ambient to Hot 

190 – 170 0.90 1.11 

169 – 140 0.92 1.09 

139 - 120 0.93 1.08 

 

402.10 PROVISION FOR TRAFFIC 

The Contractor shall make provisions for traffic in accordance with Clause 101.16. Traffic shall 

be stopped while spraying is in progress. 

 

402.11 PRELIMINARY WORK 

The surface to be sprayed shall be swept, clean and free of dust, dirt, clay and deleterious 

materials. Sweeping shall be done using a rotary road broom, or hand broom or other means 

approved by the Engineer. The Engineer may require that concrete shall be clean using 

compressed air and primed with light emulsion (CRS60 as per Australian Standards or suitable 

approved proprietary emulsion) or cutback. All such work shall be done to the satisfaction of the 

Engineer. 
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402.12 AMBIENT CONDITIONS FOR SPRAYING 

(a) Primer 

The surface on which the primer is to be applied shall be hard, tight, homogenous 

and free of tearing, scabbing, laminations and dried back to the required moisture 

content. 

(b) Binder 

The surface on which binder is to be applied shall be dry  

(c) Primer binder 

The surface on which the Primer binder is to be applied shall be dry prior to a light 

application of water being applied just before the application of primerbinder  

 

Unless otherwise approved by the Engineer, spraying shall not be carried out when the air 

temperature is less than that specified in Table 402.121. 

 

Table 402.121  Ambient Conditions for Spraying 

Type of Work Air Temperature °C (Min) 

Priming/ Primersealing 15 

Sealing 20 

  

 

402.13 SPRAYING AND COVERING 

 

(a) Setting Out 

Setting out of edges and/or centreline will be done to the satisfaction of the Engineer. 

Markers such as stones or other objects shall not be used. Guideline marks shall be 

placed at about 10m intervals. 

(b) Application of primer, Primer binder and binder 

Primer, Primer binder and binder shall be applied uniformly to the specified areas at 

the design rate of application. Except where the surface to be primed abuts an existing 

concrete edge or bituminous surface, the primer shall be applied 100mm wider than 

the design seal width. Each sprayer run shall overlap any adjacent run by 150mm or 

50 mm when end jets are used.. The work shall be so planned as to minimise spraying 
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by hand. Hand spraying in wheel paths shall not be permitted unless approved by the 

Engineer. 

Spraying of any load of Primer binder or binder shall not commence unless rollers are 

operational and at the start of the run and sufficient aggregates to cover the area to be 

sprayed are at the work site and loaded in spreader trucks. The work shall be planned 

to minimise the number of cold joints. All longitudinal joints shall be located at the traffic 

lane lines. 

(c) Papering and other protection 

The Contractor shall have sufficient paper at the start and finish of each paper sprayer 

run to ensure clean cut on and cut off. The paper shall be  heavy duty craft paper or 

an equivalent approved by the Engineer. Edgings and adjoining structures shall be 

protected by papering or by a method approved by the Engineer Representative and 

all necessary precautions shall be taken to protect traffic and parked vehicles. Paper 

for cut-ons, cut-offs and protection of edgings and structures shall be held in place by 

weighing down with small quantities of aggregates from the same stock-pile as used 

for the work 

(d) Geotextile Reinforce Seal 

Geotextile fabric shall be fixed to the pavement surface free of wrinkles and/or folds.  

Transverse joins shall be butt jointed. Longitudinal joins in geotextile fabric shall be 

overlapped by approximately 150 mm and be located along lane lines.  The Contractor 

shall make an allowance for additional binder to be applied along the join so that both 

geotextile layers are adequately saturated with bitumen.  This allowance shall be 

included in the Contractor’s seal design. 

(e) Spreading of aggregates 

Spreading of aggregates shall commence immediately after the start of spraying of the 

Primer binder or binder and shall continue without delay until all the Primer binder or 

binder has been covered. Before rolling the surface shall be inspected and any bare 

areas shall be covered by hand brooming and/ or spreading and any spillage or 

overlapping of aggregate shall be removed. 

(f) Rolling 

Rolling shall commence as soon as practicable after the aggregate have been spread 

and shall continue uniformly over the whole area until aggregate has adhered to the 

binder sufficiently that it will not be dislodged by traffic and to the satisfaction of the 

Engineer. 
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(g) Drag brooming 

Drag brooming or hand sweeping shall be done in conjunction with rolling to ensure 

that a uniform distribution of aggregate is achieved. 

(h) Removal of Loose Aggregate 

Loose aggregate shall be removed, within 48 hours of completion of the seal.  This 

includes loose aggregate on all trafficked areas, and areas where loose aggregate 

has been swept, or moved by traffic onto sealed shoulders or non trafficked areas, or 

into other areas such as concrete channels, traffic islands, medians, open drains, 

drainage pits, footpaths, nature strips, or verges. 

 

402.14 TOLERANCES 

The width of any prime, primerseal or seal shall not be less than the design width of prime, 

primerseal or seal nor more than 0.1 meters beyond the design width at any point. Priming or 

primersealing against kerb and channel shall extend to the channel by no more than 50mm. 

 

402.15 ACCEPTANCE 

The Contractor shall forward a record of the spraying application rate, temperature of binder and 

the spread rate of the aggregate within 24 hours of completion of the bituminous surfacing. 

The spray application rate must be within 0.1 litres/m² of the design application rate; and the 

aggregate spread rate must be within ±10% of the design spread rate. 

 

402.16 REMOVAL OF SURPLUS AGGREGATE 

The Contractor shall remove surplus aggregate immediately when the aggregate spread rate 

exceeds 10% of the design spread rate. Following trafficking of the sealed surface, the Contractor 

shall remove any other surplus aggregate within 7 days of a direction by the Engineer to do so. 

 

402.17 MAINTENANCE OF SEALS 

The Contractor shall be responsible for the monitoring and maintenance of seals from the time 

of application until the end of the Defects Liability Period.  Monitoring of seals shall include regular 

and timely inspection of work, management of traffic, and monitoring of any deterioration in the 

surface condition. 

The Contractor shall carry out any work necessary to protect and maintain the seal or to effect 

repairs to any seal failure. Such failures include but are not limited to, potholing, emulsification, 

flushing, bleeding, fatty areas, significant areas of bitumen on kerb and channel, excess bitumen 
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without aggregate cover at the start/finish of runs, aggregate stripping, non-uniform aggregate 

spreading and streaking of aggregate but do not include pavement failures or events beyond the 

reasonable control of the Contractor. 

The Contractor shall undertake the protection or repair work within 48 hours of notification by the 

Engineer. 

For urgent repairs, the Contractor shall take action to preserve the work and make the road safe 

within 2 hours of being notified or becoming aware of the problem. 

Payment will be made for the cost of repairs undertaken by the Contractor and approved by the 

Engineer for damages that are the result of incidents outside the Contractor’s control, including 

but not limited to, damage caused by others involving oil spills, accidents, vehicle fire or tearing 

due to heavy braking and skidding. 
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SECTION 403 – REMOVAL OF PAVEMENT BY COLD PLANING  

 

403.01  GENERAL 

This section covers the requirements for removal of pavement by cold planing including the 

cleaning up, removal and disposal of the excavated materials. 

 

403.02  COLD PLANING 

Cold planing shall be carried out in a manner as to leave a uniform surface on a plane parallel with 

the ultimate finished surface of the pavement as shown on the drawings. 

Cold planing machines shall have a standard cutting drum with cutting tool spacing of a maximum 

of 15 mm horizontally. 

The nominal depth and width of pavement to be removed shall be as specified in the Contract 

Specific Conditions. After planing, no point on the planed surface shall lie more than 15 mm below 

a 3 m straightedge placed on the planed surface in any direction.  

In locations where removal and replacement of asphalt or pavement is required on the same day, 

the rate of cold planing including clean up shall be at a rate consistent with the asphalt 

replacement process to minimise the pavement area closed to traffic. 

 

403.03  CLEANING UP AND DISPOSAL OF EXCAVATED MATERIAL 

The planed surface shall be swept clean of all loose material prior to either diverting traffic onto the 

planed surface or placing asphalt. 

The excavated material removed from the road shall either become the property of FRA, or the 

property of the Contractor, as specified in Clause 403.06. 

If the material becomes the property of FRA, the Contractor shall load, transport and stockpile 

material into a neat pile at the nominated stockpile area as specified in Clause 403.06(d). 

If the material becomes the property of the Contractor, the Contractor shall remove all such 

material from the site. 

Prior to opening to traffic, placing asphalt, or leaving the site, the Contractor shall present a clean 

planed surface. 

 

403.04  ASPHALT REPLACEMENT 

Where work under the Contract includes replacement of excavated material with asphalt supplied 

and placed under Section 404, the following requirements shall apply: 
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(i) Exposed granular pavement material shall be watered, re-compacted and, where 

specified, primed or heavily tack coated, or for larger areas, given a bitumen emulsion 

primerseal prior to placing asphalt. 

(ii) Prior to opening to traffic, excavated areas shall be filled with hotmix asphalt.  All 

transverse and longitudinal joints shall be constructed as cold joints and new asphalt 

shall be compacted flush with the existing pavement in accordance with the 

requirements of Clause 404.17. 

(iii) In the event of a breakdown in the supply or placing of asphalt in areas to be opened to 

traffic, the Contractor shall temporarily backfill or ramp down the cold planed area with 

cold mix asphalt or other suitable material which will support traffic loading and provide 

for the safe passage of traffic.  Material so placed shall be removed prior to placing new 

asphalt as specified and the placing and removal of temporary backfilling shall be at the 

expense of the Contractor. Temporary ramping shall be carried out to the standards 

specified in Clause 403.05. 

 

403.05 TEMPORARY RAMPING 

(a) Longitudinal Edges 

Any exposed longitudinal edges within the trafficked area shall be ramped down at a 

slope no steeper than 5 horizontal to 1 vertical by constructing a temporary wedge of hot 

mixed or cold mix asphalt. 

(b) Transverse Edges 

Any exposed transverse edges within the trafficked area shall be ramped down by 

constructing a temporary wedge of hot or cold mix asphalt.  Temporary ramping shall 

not be steeper than 20 horizontal to 1 vertical for traffic speeds of more than 75 km/h or 

10 horizontal to 1 vertical for traffic speeds of 75 km/h or less. 

(c) Removal of Temporary Ramping 

Before asphalt replacement, all temporary ramping shall be removed by cutting back 

along a straight line to expose a vertical face of fully compacted asphalt at the specified 

layer depth. 

403.06  SCHEDULE OF DETAILS    

(a) Type of Work 

(i) Cutting of tapered longitudinal chases against kerb and channel, median 

openings, and side streets 
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) 
 

(ii) Cutting of tapered transverse chases 

(iii) Excavation of granular pavement material 

(iv) Profiling of concrete pavement 

(v) Removal and replacement of asphalt in accordance with Section 404 of this 

specification 

(b) Not used 

(c) Not used 

(d) Not used 

(e) Planed material shall become the property of FRA and be stockpiled at 

nominated location as stated in the Contract Specific Conditions. 
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SECTION 404 – ASPHALT 

 

404.01 GENERAL 

This section covers the requirements for the manufacture and placing of dense graded hot mix 

asphalt.  The requirements relate to quality of materials, mix design, supply and placing of the 

asphalt. 

 

404.02 DEFINITIONS 

(a) Asphalt Base Course 

Asphalt base course is that part of an asphalt pavement supporting the intermediate and 

wearing courses.  It rests directly on the subgrade or subbase pavement. 

(b) Asphalt Course 

An asphalt course comprises one or more layers of a single asphalt type. 

(c) Asphalt Intermediate Course 

Asphalt intermediate course is that part of the asphalt pavement immediately under the wearing 

course.  It rests on the asphalt (or granular) base course. 

(d) Asphalt Layer 

An asphalt layer comprises a single paving run of uniform asphalt. 

(e) Asphalt Pavement 

Asphalt pavement comprises the combined thickness of all asphalt courses as defined in 

Clause 404.24 or as otherwise specified. 

(f) Asphalt Regulating Course 

Asphalt regulating course is an asphalt course of variable thickness applied to the road surface 

to adjust the shape prior to the wearing course or any other bituminous surfacing. 

(g) Asphalt Wearing Course 

Asphalt wearing course is the final part of the pavement upon which the traffic travels.  

(h) Asphalt Types 

Asphalt Sizes 7, 10 and 14 are primarily used for wearing and regulation courses. Size 

20 mixes are primarily used as structural mixes for intermediate and base courses. 

Asphalt mixes shall contain Multigrade bitumen (M1000/320) unless otherwise specified 

or as approved by the Engineer. 

 Page  369  of  708 



Fiji Roads Authority 

 

351  

Mixes containing polymer modified binder are used when specific asphalt properties are 

required to be enhanced beyond that provided by the default binder (Multigrade bitumen). 

Where polymer modified binder and Multigrade bitumen is used it shall meet the 

requirements of Austroads Specification Framework for Polymer Modified Binders and 

Multigrade Bitumen (AGPT/T190) or superseding Austroads publication  Other bitumen types 

shall meet the requirements of AS 2008 - Bitumen for Pavements. 

Asphalt types shall be designated by mix size and bitumen type e.g. “Size” “(binder type)”.   

(i) Polished Stone Value 

The Polished Stone Value as determined in accordance with. NZTA M6: 2011 Section 

3.5. 

(j) Binder 

Binder is bitumen, Multigrade bitumen or polymer modified binder (PMB) used to hold a mixture 

of aggregates together as a cohesive mass. Alternative binder types may be considered subject 

to the approval of the Engineer. 

(k) Binder Film Index 

An empirical calculation of theoretical thickness of the binder film around each aggregate 

particle within the asphalt mix having regard to the aggregate grading, surface area of the 

aggregates and binder content. 

(l) Bulk Density 

Bulk density is the mass per unit volume of the compacted mix where the volume is the gross 

volume of the mix including the air voids. 

(m) Coarse Aggregates 

Coarse aggregates are aggregates retained on a 4.75 mm AS sieve. 

(n) Cold Joints 

A cold joint is where asphalt is placed against the exposed edge of an existing asphalt 

mat where the existing mat has cooled to less than 80C for bitumen and multigrade 

binders or to less than 100C in the case of PMBs. 

(o) Filler 

Filler is that portion of the aggregates passing the 0.075 mm sieve.  It includes the 

combined mass of crusher dust, any added recycled fines from asphalt plant dust 

extraction filters and any added filler required to enhance the mix properties. 
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(p) Fine Aggregates 

Fine aggregates are aggregates passing a 4.75 mm AS sieve. 

(q) Asphalt   

Asphalt is a designed and controlled mixture of coarse and fine aggregates, filler and binder 

which is mixed, spread and compacted to a uniform layer while hot.  Asphalt types are 

designated by the use of symbols. 

(r) Manufactured Sand 

Manufactured sand is a material passing the 4.75 mm sieve produced by crushing igneous 

or metamorphic rock spalls or washed gravel. 

(s) Mineral Matter 

Mineral matter includes coarse and fine aggregates, plus filler. 

(t) Placing 

Placing is the spreading and compacting of asphalt, including operations necessary for 

preparation of the surface. 

(u) Reclaimed Asphalt Pavement (RAP) 

Asphalt removed from an existing asphalt pavement, and re-processed by crushing and/or 

screening for recycling into new asphalt. 

(v) Asphalt Mix Design 

An asphalt mix design that shows the mix complies with the mix design requirements specified 

in Clause 404.06. 

(w) Voids Free Bulk Density (VFBD) 

The maximum theoretical density of an asphalt mix if it were possible to compact it to zero 

air voids. 

 

404.03 AGGREGATES 

(a) General 

Aggregates shall consist of clean, hard, durable, angular rock fragments of uniform 

quality. 

The combined aggregate mixture shall consist of crushed rock or a mixture of crushed 

rock and sand or any RAP permitted under Clause 404.10. 
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(b) Source Rock 

Source rock for crushed aggregates shall be in accordance with Clause 301.03 (b) 

excluding the requirements of Clause 301.03(b)(iv). The Source rock for crushed 

aggregates shall have LA  values in accordance with Table 404.030. 

Table 404.030 LA loss values of crushed aggregates 

 

Rock 

Type 

Los Angeles Abrasion Loss 

 (max.) 

Granodiorite 

35 

 

Diorite 

Gabbro 

Tonalite 

Monzonite 

 Other Acid Igneous 

Basalt 

25 

Andesite 

Sedimentary -  

River Gravel Pebble 

Not Permitted 

 

Source rock which does not comply with the specified durability and hardness 

requirements but from which crushed rock and aggregates of proven satisfactory 

performance have been produced may be accepted for use subject to the written approval 

of the Engineer. 

(c) Crushed Aggregate Products 

The Flakiness Index of each separate sized coarse aggregate, with a nominal size of 10 

mm or larger, shall be 35% (max.).  

(d) Crusher Fines and Manufactured Sand 

Crusher fines and manufactured sand shall: 

(i) consist of a uniformly graded product of separate particles from the crushing of 
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rock which complies with the requirements of Clause 404.03(b) appropriate to the 

asphalt type being produced 

(ii) be free from lumps and aggregations 

(iii) comply with the grading limits specified in Table 404.031. 

 

Table 404.031  -  Grading of Crusher Fines and Manufactured Sand 

Sieve Size 

AS (mm) 

Crusher Fines 

Percentage Passing 

(by mass) 

Manufactured Sand 

Percentage Passing 

(by mass) 

6.70 100 100 

4.75 70 – 100 80 – 100 

0.600 20 – 55 30 – 70 

0.075 5 - 23 0 – 10 

(iv) comply with the relevant requirements specified in Table 404.032. 

Table 404.032  -  Quality of Crusher Fines and Manufactured Sand 

Test Value 

Degradation Factor-Crusher 

Fines 

(min.) 

Plasticity Index 

(max.) 

60 3 

(e) Natural Sand 

Natural sand extracted from natural sand deposits shall consist of clean, hard, durable 

grains free from lumps, clay, mica and organic or deleterious matter. 

Where natural sand is accepted as a washed sand for the registered mix, the Sand 

Equivalent Value of any such sand supplied for asphalt production shall not be not be less 

than 45. 

Where natural sand is accepted as an unwashed sand for the registered mix, the Plasticity 

Index of any sand supplied for asphalt production shall not be more than 3. 

(f) Aggregates for Asphalt Used as Wearing Course 

(i) Coarse aggregates shall be a mixture of separate one-sized aggregates blended 
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together. 

 (ii) Not used  

(iii) Fine aggregates shall be a mixture of one or more sands and crusher fines. 

For mixes designed by the Marshall method, the fraction passing the 4.75 mm AS sieve 

shall contain not less than 20% of natural sand. 

No mix shall contain more than 65% by mass of natural sand unless otherwise approved 

by the Engineer. 

(g) Aggregates for Asphalt Used as Intermediate or Base Course 

The combined aggregates shall consist either of crushed material or a mixture of crushed 

material and natural sands.  The fraction of the mix passing the 4.75mm AS sieve shall 

contain not more than 50% by mass of natural sands. 

 

404.04 FILLER 

Mineral filler shall comply with the requirements of Tables 404.041 and 404.042. 

If any of the following added fillers are specified or required, they shall comply with the corresponding 

additional requirements below: 

(i) hydrated lime complying with AS 1672 - Lime and Limestone (Lime for Building) and the 

requirements of Table 404.042 

(ii) cement kiln dust complying with the requirements of Tables 404.041 and 404.042 

(ii) ground limestone complying with the requirements of Tables 404.041 and 404.042 

(iv) ground granulated blast furnace slag (GGBFS) complying with AS 3582.2 and the 

requirements of Table 404.042 

(v) Portland Cement complying with AS 3972 

(vi) fly ash produced from the combustion of black coal complying with Tables 404.041 and 

404.042. 

Table 404.041  -  Grading Limits (Fillers other than Hydrated Lime, Cement and 

GGBFS) 

AS Sieve Size 

(mm) 
Percentage Passing by Mass 

0.600 100 
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0.300 95 – 100 

0.075 75 – 100 

 

Table 404.042  -  Test Requirements for Filler 

Filler Type Test 
Test Limit 

(%) 

Total Combined Filler1 Dry Compacted Voids  38 (min.) 

All Added Fillers Moisture Content  3 (max.) 

Cement Kiln Dust Water Soluble 

Fraction  

20 

Note on Table 404.042 

1The total combined filler is the total amount of all filler in the mix including any added filler. 

 

404.05 BITUMINOUS MATERIALS 

(a) Binders 

Unless otherwise specified, the class of binder for each asphalt type shall be Multigrade 

bitumen M1000/320. Class 320 bitumen may be used where approved by the Engineer. 

 (b) Multigrade Bitumen and Polymer Modified Binder (PMB) 

The Contractor shall comply with the following requirements in regard to supply and 

handling multigrade binder and PMB: 

(i) material shall be handled in accordance with the manufacturer's requirements 

(ii) a product quality certificate and test report from the manufacturer shall be 

obtained for each delivery of material 

(iii) material shall be transported and stored in such a manner to avoid contamination 

and/or deterioration of the product to the extent that it no longer complies with 

specified test properties. 

(c) Bitumen Emulsion 

Bitumen emulsion used for tack coating shall be a cationic rapid setting type complying 

with Australian Standard 1160, Bitumen Emulsions for Construction and Maintenance of 

Pavements.  Emulsion diluted with water shall have a bitumen content of not less than 
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30%. 

 

404.06 MIX DESIGN 

(a) General 

The Contractor shall design all required asphalt mixes. All mixes shall be designed in 

accordance with VicRoads Code of Practice RC 500.16 - Selection of Test Methods for 

the Testing of Materials and Work and referenced Test Methods, specifically VicRoads 

Test Method RC 201.01 Design of Asphalt Mixes (Marshall Method) noting the criteria for 

selection of a design mix as described in this specification apply unless approved otherwise 

by the Engineer 

Approval to use of the asphalt mix design under the Contract does not guarantee the 

handling properties or performance of the mix nor relieve the Contractor from contractual 

obligations in regards to rectification of defects. 

(b) Mix Submission 

All asphalt mixes proposed for use on the works shall be submitted to the Engineer, at 

least two weeks prior to the proposed date for the commencement of supply of the asphalt 

and shall be accompanied by the information listed in part (c) of this clause demonstrating 

specification requirements have been met. 

(c) Information Required for Mix Submission.  

The following information shall be submitted for each new mix design: 

(i) Grading test results for each component 

(ii) Proportion of each component in the mix 

(iii) Grading of the mix 

(iv) Flakiness Index of each separate coarse aggregate of size 10 and above 

(v) Degradation Factor and Plasticity Index for the crusher fines component 

(vi) Sand Equivalent Value of washed sand and Plasticity Index of unwashed sand 

as applicable 

(vii) Supplier and class of binder and certificate of compliance, which includes 

viscosity value, that binder meets all requirements of this specification 

(viii) Source of added filler and certificate of compliance for added filler and the Dry 

Compacted Voids of total combined filler 

(ix) Test information shown in Table 404.061. 
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Table 404.061  –  Test Information to be Submitted for each Mix for Registration 

Test Property 

Marshall Stability (Clause 404.07(b)) 

Marshall Flow (Clause 404.07(b)) 

Air Voids at Design Binder Content (Clause 404.07(b)) 

Voids in the Mineral Aggregate (Clause 404.07) 

Marshall Bulk Density at the design binder content for use as the reference 

density for compaction determined in accordance with VicRoads Code of 

Practice 500.16 and referenced Test Methods. 

Voids Free Bulk Density 

Binder Film Index (Clause 404.07(e)) 

 

(d) Sieve Analysis and Binder Content of RAP 

Where RAP is used, the sieve analysis after extraction of binder, and binder content of 

RAP shall be provided to the Engineer. 

 

404.07 MIX DESIGN REQUIREMENTS 

(a) Grading of Aggregates 

The grading of aggregates including any added filler and the proportions of aggregates 

and binder in the mix after mixing but before compaction, shall lie within the limits specified 

in Table 404.071 and 404.072 for each size of asphalt unless otherwise approved by the 

Engineer. 

Table 404.071 - Grading Limits for Aggregates (including any filler) 

Sieve Size 

AS (mm) 

Percentage Passing (by mass) 

Size 7 Mix Size 10 Mix Size 14 Mix Size 20 Mix 

37.5     
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26.5    100 

19.0   100 90 – 100 

13.2  100 85 - 100 75 - 88 

9.5 100 90 – 100 70 - 84 61 - 75 

6.70 80 - 100 70 – 86 59 - 73 49 - 64 

4.75 70 - 88 58 – 73 48 - 65 41 - 55 

2.36 46 - 65 38 – 55 32 - 48 27 - 41 

1.18 31 - 51 25 – 44 22 - 37 18 - 33 

0.600 20 – 40 16 – 34 14 - 28 12 - 25 

0.300 13 – 29 10 – 24 10 - 22 8 - 19 

0.150 8 - 17 6 – 16 6 - 14 5 - 13 

0.075 5 - 8 4 – 7 4 - 7 3 - 6 

 

Table 404.072  -  Proportions of Aggregates and Binder for Trial Mix Designs 

Material 

Percentage  (by mass) 

Size 7 Mix Size 10 Mix Size 14 Mix Size 20 Mix 

Aggregates and Filler 95.0 - 92.5 95.5 - 93.0 95.5 - 93.5 96.0 - 93.5 

Trial Binder Content 

Range 

5.0 – 7.5 4.5 – 7.0 4.5 – 6.5 4.0 – 6.5 

(b) Volumetric Test Properties and Minimum Binder Film Thickness (Marshall Mix Design 

Method) 

The test properties for asphalt mixes shall comply with Table 404.074. Mix design shall 

be based on using Class 170 bitumen and the binder content of all other mixes may be 

derived from these mixes if they are the same in every respect other than binder grade 

and content. All derived mixes must pass all other relevant test requirements for the mix. 
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Table 404.074  -  Asphalt Marshall Properties and Voids in Mineral Aggregate 

Mix Size 

(mm) 

Minimum 

Stability 

(kN) 

 

 

Flow 

(mm) 
Air Voids Range 

(%) 

 

 

Minimum Voids 

in Mineral 

Aggregate (%) 

 

 
Min. Max. 

7 5.5 1.5 3.5 4.9 – 5.3 17 

10 6.5 1.5 3.5 4.9 – 5.3 17 

14 6.5 1.5 3.5 4.9 – 5.3 16 

20 6.5 1.5 3.5 -4.9 – 5.3 -15 

(d) Added Filler for Wearing Course Asphalt 

Wearing course asphalt shall contain a minimum of 1% added filler.  Added filler shall be 

any one of the fillers listed in Clause 404.04 except for crusher dust, and/or plant recycled 

fines.  Any asphalt containing aggregates of coarse or medium grained acid igneous rocks 

(e.g. granite) shall contain not less than 1% hydrated lime filler unless otherwise approved 

by the Engineer 

(e) Binder Film Index 

The binder film index shall be a minimum of 8.0 micron.  

 

404.08 TOLERANCES ON MIX PRODUCTION 

The production tolerances on the grading aim of the mix before compaction shall be as specified in 

Table 404.081. The tolerance on the binder content in the mix shall be ± 0.3% of the total mix by 

mass. 

Table 404.081  -  Production Tolerances for Mix Grading 

Sieve Size 

AS (mm) 

Tolerance on Percentage Passing (% by mass) 

Size 7 Size 10 Size 14 Size 20 

37.5 Nil Nil Nil Nil 

26.5 Nil Nil Nil Nil 

19.0 Nil Nil Nil 6 
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13.2 Nil Nil 6 6 

9.5 Nil 6 6 6 

6.70 - 4.75 6 6 6 6 

2.36 - 0.600 5 5 5 5 

0.300 - 0.150 3 3 3 3 

0.075 1.0 1.0 1.0 1.0 

Note on Table 404.081 

If post compaction grading is checked by binder extraction and sieve analysis after 

placement, the positive tolerances shall be increased by one percentage point. 

 

404.09 PRODUCTION OF ASPHALT 

(a) Temperatures 

The temperature of binder and aggregates at the mixing plant and the temperature of the 

asphalt as it is discharged from the mixing plant shall not exceed the limits specified in 

Table 404.091.  Asphalt manufactured at temperatures in excess of the limits specified in 

Table 404.091 shall not be used. 

Table 404.091  -  Maximum Mixing Temperatures 

Material 

Temperatur

e C 

(max.) 

Binder plant storage 185 * 

Aggregates before binder is added 200    

Asphalt at discharge from mixing 

plant 

175    

Note on Table 404.091 

*This limit may vary for PMBs in accordance with the supplier’s 

recommendation 

 (b) Mixing 

The mixing period shall be such that at least 95% of the coarse aggregate particles are fully 

coated with binder. 

 Page  380  of  708 



Fiji Roads Authority 

 

362  

After completion of mixing, the moisture content of the mix shall not exceed 0.5%. 

(c) Hot Storage of Mixed Asphalt 

Asphalt types with PMB, Multigrade bitumen and Class 600 binders shall not be stored in 

hot bins for more than 8 hours prior to use.  All other asphalt types shall not be stored in 

hot bins for more than 18 hours prior to use.  Asphalt that is deemed unsuitable for use 

may be recycled by re processing adding it to a new mix at a proportion not greater than 

5% by mass of the total aggregates.  Alternatively, it may be added to the RAP stockpile 

and re-processed to comply with the requirements of Clause 404.10. 

 

404.10 ASPHALT RECYCLED FROM RECLAIMED ASPHALT PAVEMENT 

Unless otherwise specified, Reclaimed Asphalt Pavement (RAP) may be re-cycled by adding it to 

new asphalt during the mixing process subject to the following requirements: 

 (i) all asphalt containing RAP shall comply with all relevant test requirements specified in 

Clause 404.07 for the size and type of asphalt specified for use; 

 (ii) RAP shall consist of milled or excavated asphalt pavement free of foreign material such 

as unbound granular base, broken concrete or other contaminants and shall be crushed 

and screened to a maximum size not exceeding the size of asphalt produced; 

 (iii) the manufacturing process shall provide for addition of RAP to a batch plant pug mill or 

drum mixer separately from other mix components by a method that avoids damage to 

the mix by overheating; 

 (iv) Asphalt may contain up to 10% RAP provided that all relevant specification requirements 

are met for each mix type: 

 

404.11 FREQUENCY OF INSPECTION AND TESTING AT THE MIXING PLANT 

The frequency shall not be less than that shown in Table 404.111, except that the Engineer may agree to 

a lower frequency where the Contractor has implemented a system of statistical process control and can 

demonstrate that such lower frequency is adequate to assure the quality of the product. 

Table 404.111  -  Frequency of Inspection and Testing 

Checks Required Minimum Frequency 

Particle size distribution of each 

aggregate and sand component 

including processed RAP 

On each production day:   One test on each component 

unless certification of specification compliance is received 

for each delivery to the mixing plant. 
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Degradation Factor of crusher fines At fortnightly monthly intervals. 

Plasticity Index of crusher fines and 

natural sand supplied as unwashed sand 

At fortnightly monthly intervals. 

Sand Equivalent of natural sand supplied 

as washed sand 

At fortnightly intervals. 

Flakiness Index of coarse aggregate 10 

mm and larger 

At fortnightly y intervals. 

Viscosity of bitumen and multigrade 

binder at 60C 

Certification of specification compliance for each delivery of 

bitumen supplied to the mixing plant. 

At weekly intervals: where bitumen has been stored 

above 150C for more than 14 days without the storage 

tank being topped up by more than 50% of its capacity. 

In cases where two or more bitumen classes are 

blended together to correct the viscosity, a viscosity test 

at 60C shall be taken prior to use and at weekly 

intervals thereafter. 

Viscosity at 165C, Torsional Recovery, 

and Softening Point of PMB 

At weekly intervals:   For PMB that has been stored above 

165oC for more than 3 days or between 140C and 165C 

for more than 7 days without the storage tank being topped 

up by more than 50% of its capacity. 

Scrutiny for segregation, uncoated 

particles, separated binder, excess 

binder or overheating before dispatch 

from the plant 

Each loaded truck. 

Temperature of asphalt before dispatch 

from the plant 

Each loaded truck or at intervals of 15 minutes if more than 

one truck is dispatched in 15 minutes. 

Binder Content and Full Sieve Analysis of 

Asphalt (full extraction test) 

On each production day:   One test per 75 tonnes or part 

thereof of the asphalt plant production on a representative 

sample taken from a delivery truck. 

Moisture Content, Binder Content and 

Full Sieve Analysis of RAP (full extraction 

test) 

At weekly intervals:   One test on a representative sample 

of each 75 tonnes of RAP prior to use. 

Notes to Table :404.111 

 Sampling of loose asphalt shall comply with AS/NZS 2891.1.1Methods of sampling and testing 
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asphalt  

Method 1.1: Sampling—Loose asphalt. 

 Binder Content and Particle Size Distribution  shall be performed in accordance with  AS/NZS 

2891.3.3 

Methods of sampling and testing asphalt Method 3.3: Binder content and aggregate grading—

Pressure filter method. 

 Moisture Content of asphalt shall be determined by drying to constant mass in accordance with 

AS/NZS 2891.10 Methods of sampling and testing asphalt, Method 10: Moisture content of asphalt 

 Bituminous Products - Australian Standards and Austroads Test Methods shall be used. 

The Contractor shall make available all completed work sheets, check lists and test reports for inspection 

at the mixing plant. 

 

404.12 RATE OF DELIVERY 

Asphalt shall be placed at the highest practicable rate in order to minimise the time traffic is disrupted and 

to avoid intermittent paving. 

 

404.13 AMBIENT CONDITIONS FOR PLACING 

The surface on which asphalt is to be placed shall be essentially dry and free from puddles. 

Asphalt wearing course mixes with polymer modified binder shall not be placed when the majority 

of the area to be paved has a surface temperature less than 15°C. 

 

404.14 SURFACE PREPARATION  

Prior to tack coating and placing of asphalt, the Contractor shall remove all deleterious material and 

sweep clean the area upon which asphalt is to be placed. 

 

404.15 TACK COAT 

A tack coat shall be applied to the cleaned asphalt or sealed surface on which asphalt is to be placed 

unless the unsealed surface has been primed in which case a tack coat is not required unless 

otherwise directed or specified. 

Tack coat shall consist of cationic bitumen emulsion and shall be applied only to a clean, essentially 

dry surface, free from puddles. 

Tack coat shall be sprayed in a uniform film over the entire road surface. 
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Unless otherwise directed, the application rate for bitumen emulsion tack coat shall be 0.15 to 0.3 

litres/m2 (60% Bitumen content) or 0.3 to 0.6 litres/m2 (30% bitumen content) except for joints and 

chases where rates shall be doubled. 

Before asphalt is placed, sufficient time shall be allowed for the free water to evaporate and for the 

tack coat to set up and change in colour from brown to black. 

Any tack coat not covered by asphalt shall be covered with clean grit or sand before the road is 

opened to traffic. 

Where asphalt is to be spread over clean, freshly laid asphalt, or over a clean, primed surface, or 

where the depth of the layer exceeds 60 mm, the Contractor may omit the tack coat unless otherwise 

directed or specified. 

 

404.16 DELIVERY 

(a) General 

Delivery shall only be made during the hours listed for possession of site.  Asphalt 

delivered to the site, which is segregated, has been overheated, is too cold, contains 

separated binder or uncoated particles which does not comply with the Specification shall 

be removed from the site at the Contractor's expense. 

(b) Delivery Dockets 

Delivery dockets shall show 

(i) name of supplier and location of plant 

(ii) docket number 

(iii) name of user 

(iv) project name and location (or contract number) 

(v) registered number or fleet number of the vehicle 

(vi) date and time of loading 

(vii) size and type of asphalt 

(viii) empty and loaded mass of the vehicle, or the total of the electronically measured 

batch weights printed on the docket 

(ix) class of binder, and proprietary name of modified binder 

(x) temperature of load at mixing plant when measured. 
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Where asphalt is scheduled for measurement by mass, a copy of the delivery docket for each 

load shall be given to the Engineer’s representative at the point of delivery, or delivered or 

mailed to the Engineer at the end of each day's work. 

 Where asphalt is measured by other means and for Lump Sum Contracts, the Contractor shall 

make delivery dockets available for inspection on request by the Engineer. 

 

404.17 JOINTS AND JUNCTIONS 

(a) General 

The location of all joints shall be planned before work commences to achieve the specified 

offsets between layers and the final position of joints in the wearing course. 

The number of joints shall be minimised by adopting good asphalt paving practices.  If 

requested by the Engineer, the Contractor shall produce drawings showing the location 

of longitudinal joints of asphalt layers in respect to the traffic lane lines. 

All joints shall be well bonded and sealed and the surface across the joint shall meet the 

requirements of Clause 404.23(b). 

All cold joints and abutting concrete edges shall be heavily tack coated. 

Where cold joints are constructed, any loose or poorly compacted existing asphalt on the 

exposed edge shall be trimmed back to produce a face of fully compacted asphalt along 

the exposed edge before fresh asphalt is placed. 

(b) Transverse Joints 

All transverse joints shall be offset from layer to layer by not less than 2 m. 

(c) Longitudinal Joints 

(i) Longitudinal joints in the wearing course shall coincide with the location of intended 

traffic lane lines. 

(ii) Longitudinal joints in intermediate and base courses shall be offset from layer to 

layer by not less than 150 mm and shall be within 300 mm of the traffic lane line 

or the centre of traffic lane.  Where new pavement abuts an existing pavement, 

the existing pavement shall be removed in steps to achieve an offset from layer to 

layer of not less than 150 mm. 

(iii) Longitudinal joints shall be parallel to the traffic lanes unless otherwise specified. 

(iv) Cold joints shall be avoided either by matching up all longitudinal joints over the 

full width of the carriageway each day or such lesser period depending on the rate 
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of cooling of asphalt placed in the preceding run or by paving with two or more 

pavers in echelon. 

Subject to approval by the Engineer, a longitudinal joint in the wearing course may be 

located up to 300 mm from the traffic lane line, or 300 mm from the centre of a traffic lane. 

(d) Junctions 

At junctions where the new asphalt mat is required to match the level of existing pavement 

surface at the limits of work, chases shall be cut into the existing pavement by cold planing 

as specified in Section 403. 

The chase shall be cut by removal of a wedge of asphalt tapering from zero to a depth of 

2.5 times the nominal size of the asphalt from the existing pavement to the minimum width 

as follows: 

 at side streets and median openings -  600 mm 

 on through carriageways with a speed limit of 80 km/h or less -  3 m. 

(e) Treatment of Exposed Edges under Traffic 

On completion of each day's work and prior to opening to traffic, the following treatment 

of exposed edges shall be adopted for asphalt work. 

(i) Longitudinal Edges 

All longitudinal joints within the trafficked area shall be matched up between paver 

runs except for a short section required to achieve the minimum offset between 

transverse joints.  Any exposed longitudinal edges within the trafficked area shall 

be ramped down at a slope of not steeper than 5 horizontal to 1 vertical by 

constructing a temporary wedge of hot mixed or cold mixed asphalt.  In unusual 

situations, such as the sudden onset of inclement weather, a longer length of 

longitudinal joint may be exposed provided it is ramped down as specified. 

(ii) Transverse Edges 

At the end of the paving run in the transverse direction, the new asphalt mat shall 

be squared up to a straight line and ramped down by constructing a temporary 

wedge of hot mixed or cold mixed asphalt.  Temporary ramping shall not be 

steeper than shown in Table 404.171. 

 

 

Table 404.171  –  Maximum Grade of Temporary Ramping 
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Posted Speed 

Limit 

(km/hr) 

Maximum Ramp Grade 

(Horizontal to Vertical ) 

40 20 to 1 

60 30 to 1 

80  40 to 1 

(iii) Removal of Temporary Ramping 

Before commencement of each day's work, all temporary ramping shall be 

removed by cutting back along a straight line to expose a vertical face of fully 

compacted asphalt at the specified layer depth. 

 

404.18 COMMENCEMENT OF PLACING 

The placement of asphalt on the sub-base or granular base for a new pavement or for an overlay of 

an existing bituminous surfaced pavement shall not commence until the consent to proceed is 

obtained from the Engineer. 

 

404.19 REGULATING COURSE 

A regulating course of asphalt of the type and size specified shall be placed for correction of longitudinal 

and transverse pavement shape so that the resulting surface is parallel with the finished surface. 

 

404.20 SPREADING 

(a) Genera 

Asphalt shall be spread in layers at the compacted thicknesses shown on the drawings or 

specified. 

All asphalt shall be spread with an asphalt paver except for small areas where use of a 

paver is not practicable. 

(b) Level Control 

Asphalt shall be spread in layers at the compacted thickness specified or shown on the 

drawings. 
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All asphalt shall be spread with an asphalt paver except for small areas where use of a 

paver is not practicable. 

Unless otherwise specified asphalt paver screed levels shall be controlled by a suitable 

combination of manual and automatic controls operating from fixed or moving references. 

(c) Spreading 

All asphalt shall be spread with a purpose designed asphalt paving machine to form a 

uniformly smooth asphalt mat complying with the requirements of Clause 404.23 without 

segregation, tearing or gouging. 

The Contractor shall conduct spreading operations to ensure that the paver speed 

matches the rate of supply so that stoppages are minimised. 

If the paver is required to stop and asphalt in front of the screed cools to below 120 C, a 

transverse joint shall be constructed. 

For asphalt work carried out on a road to be opened for traffic at the completion of work 

each day, each layer of asphalt shall cover the full width of the trafficked area.  The 

requirements of Clause 404.17(e) shall be followed in respect of the treatment required 

for exposed edges. 

(d) Spreading by Hand 

Hand spreading shall only be used for small awkward areas where it is not practical to 

use a paver. 

(e) Asphalt layer thickness shall be in accordance with Table 404.21 

Table 404.21   Selection of Asphalt Size and Layer Thickness 

Nominal 

Size 
Courses where Used 

Thickness 

Range 

7 Wearing and regulation 15 to 25 mm 

10 Wearing and regulation 25 to 35 mm 

14 Wearing, intermediate and 

regulation 

35 to 50 mm 

20 Base, intermediate regulation 50 to 100 

mm 
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404.21 COMPACTION 

Asphalt shall be uniformly compacted to the standards specified in Clause 404.22 as soon as the asphalt 

has cooled sufficiently to support the rollers without undue displacement. 

404.22 REQUIREMENTS FOR TESTING AND ACCEPTANCE OF COMPACTION 

(a) General 

Work shall be tested and accepted for compaction on either a test lot basis as provided 

in Clause 404.22(b) or on an approved procedural basis as provided in Clause 404.22(c).  

Where the total quantity of the particular size and/or type of asphalt supplied under the 

contract exceeds 200 tonne, compaction shall be tested and accepted on a test lot basis.  

Unless otherwise specified or agreed by the Engineer, acceptance of compaction for all 

other asphalt work, will be on a procedural basis. 

Procedures to be followed when carrying out acceptance testing of field compaction of asphalt 

shall be in accordance with VicRoads Code of Practice RC 500.05. Acceptance of Field 

Compaction  

(b) Testing and Acceptance of Compaction on a Lot Basis 

For small lots, the test procedure specified in Clause 165.09 shall apply. 

The density of extracted cores for the purposes of determining the bulk density for 

acceptance purposes or to check or assign offsets to a nuclear gauge shall be undertaken 

in accordance with VicRoads Code of Practice RC 500.05 Acceptance of Field 

Compaction and RC 500.16 Selection of Test Methods for the Testing of Materials and 

Work. 

A lot presented for testing consists of that part of a particular layer of asphalt which is placed in 

one day under uniform conditions and is essentially homogeneous in respect to material and 

appearance. 

Sites for density testing shall be selected on an essentially random basis provided that no site 

shall be selected within 200 mm of a joint constructed against a cold edge. 

For core sample tests, the layer thickness is the mean thickness of the core samples and for 

nuclear gauge tests, the layer thickness is the nominal layer thickness. 

Asphalt Density Ratio is defined as the percentage ratio of the field bulk density to the 

assigned bulk density of the approved laboratory mix design. 

The assigned maximum density of the asphalt shall be calculated from the 6point rolling 

average maximum density of the production mix. Should a single maximum density of the 

production mix vary by more than ±0.5% of its rolling average then a check design or 
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redesign should be initiated. 

The Characteristic Value of Density Ratio is the calculated value of  x  - 0.92S for six tests 

per lot where x and S are respectively the mean and standard deviation of the individual 

density ratio test values for the lot. 

The work represented by a lot of six tests shall be assessed as shown in Table 404.221. 

Table 404.221  -  Limits for Characteristic Density Ratio (Six Tests) 

For layers less than 50 mm thickness For layers 50 mm thickness or greater 

Characteristic 

Value of the 

Density Ratio 

(Rc) 

Assessment 

Characteristic 

Value of the 

Density Ratio 

(Rc) 

Assessment 

94.0% or more Accept lot 96.0% or more Accept lot 

 
   

(Rc) is the Characteristic Value of the density ratio for the lot and (P) is the percentage of the 

relevant scheduled rate to be paid which shall not be greater than 100%. 

Where one or more individual core thicknesses are less than the relevant values shown in Table 

404.222, they shall be discarded and the acceptance assessment modified in accordance with 

Table 404.223 provided that there remain at least 4 test values. 

Table 404.222  -  Minimum Thickness of Cores Extracted from the Pavement 

Size of Asphalt 

Individual Core 

Thickness (mm) 

min 

7 14 

10 20 

14 28 

20 40 
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Table 404.223  -  Mean Density Ratio (less than six cores) 

For layers less than 50 mm thickness For layers 50 mm thickness or greater 

Mean Value of the 

Density Ratio 

(Rm) 

Assessment 

Mean Value of the 

Density Ratio 

(Rm) 

Assessment 

95.5% or more Accept lot 97.0% or more Accept lot 

 

(Rm) is the mean of the individual density ratios for the lot and (P) is the percentage of the 

relevant scheduled rate to be paid which shall not be greater than 100%. 

(c) Acceptance of Compaction on a Procedural Basis 

Acceptance of work as far as compaction is concerned shall be based on the adoption of 

approved placing procedures and a density test check plan that provides for a minimum test 

frequency of 5% of relevant lots to be tested.  The test check plan shall provide for additional 

testing to demonstrate correction of non-conformance.  If not otherwise agreed, placing 

procedures shall be in accordance with Australian Standard AS 2150 – Hot-Mix Asphalt. 

 

404.23 SURFACE FINISH, AND CONFORMITY WITH DRAWINGS 

(a) General 

For all asphalt works the following requirements shall apply for conformance with location, 

shape, alignment, and width. 

(i) Surface Finish 

The finished surface of asphalt wearing course shall be of uniform appearance, 

free of dragged areas, cracks, open textured patches and roller marks. 

(ii) Kerb and Channel 

Where asphalt is placed against kerb and channel the surface at the edge of the 

wearing course shall be either flush with or not more than 5 mm above the lip of 

the channel unless otherwise specified or shown on the Drawings. 

(iii) Shape 

No point on the finished surface of the wearing course shall lie more than 4 mm 

below a 3 m straight edge laid either parallel to the centreline of the pavement or, 
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except on crowned sections, at right angles to the centreline. For intermediate and 

base course layers, the distance below the straight edge shall not exceed 6 mm 

and 10 mm respectively. 

(iv) Alignment 

Where asphalt pavement is not placed against a concrete edging, the edge of 

asphalt layers shall not be more than 50 mm inside nor more than 100 mm outside, 

the designed offset from centreline or design line.  Within these tolerances, the 

rate of change of offset of the edge of layer shall not be greater than 25 mm in 10 

m. 

(v) Width 

Where asphalt pavement is not placed against a concrete edging, the width of 

asphalt layers shall not be less than the design or specified width of layer by more 

than 50 mm or greater than the design or specified width by more than 100 mm.  

The average width over any 300 m shall not be less than the design or specified 

width. 

(b) Conformity with Drawings for New Pavements and Major Pavement Rehabilitation 

Projects. 

This clause is applicable to new construction or rehabilitation works where drawings are 

available showing new surface levels. The level of the top of each asphalt course shall not 

differ from the specified level by more than 15 mm for intermediate and base courses and 10 

mm for wearing course. 

Where a uniform thickness of new asphalt pavement construction is specified, the mean 

thickness of a lot of asphalt shall be not less than the combined thickness of all asphalt 

courses specified in Clause 404.24 or shown on the Drawings.  For the purpose of this 

clause, the maximum lot size shall be not more than 2000 m2 of pavement area. 

The surface level of each completed pavement course shall be checked longitudinally and 

transversely for conformity with the specified requirements at intervals not exceeding 20 m in 

the longitudinal direction.  At each location checked for longitudinal level conformity, the surface 

level shall be checked in the transverse direction at all of the following locations: 

 at the edges of the pavement 

 at all changes of gradient across the pavement 

 -at intervals not exceeding 2 m across the pavement. 
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404.24 SCHEDULES OF DETAILS – NOT USED 
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SECTION 501 – UNDERGROUND STORMWATER DRAINS 

 

501.01 DESCRIPTION 

This section covers the requirements for supply, delivery, transport and installation of 

underground storm water drains, herein after referred to as culverts, together with the 

construction of inlet and outlet structures (endwalls, catchpits, basins, etc.), erection of marker 

posts, and the removal and/ or relaying of existing culverts, as shown on the drawings, or as 

specified. 

501.02  DEFINITIONS 

(a) Culvert 

An underground stormwater drain consisting of pipes, arch or box sections. 

(b) Precast reinforced concrete pipes 

Pipes manufactured from Portland cement-based concrete  

 

501.03 MATERIALS 

(a) Culvert Sections 

Unless otherwise specified, and where an individual culvert unit shall have a maximum 

width of 1.2m, materials, design and construction of underground stormwater drains shall 

comply with the requirements of relevant Australian Standards including: 

 AS 1597 Part I  Precast reinforced concrete box culverts 

 AS 1646 Elastomeric seals for waterworks purposes 

 AS 1683 Methods of testing for elastomers 

 AS/NZS 2041 Buried corrugated metal structures 

 AS 4058 Precast concrete pipes (pressure and non-pressure) 

 AS 4139 Fibre-reinforced concrete pipes and fittings 

 AS 3972 General purpose and blended cements 

(i) Precast reinforced concrete box culverts 

Precast reinforced concrete box culverts shall comply with the requirements of AS 

1597 Part 1. 

Box culverts shall be designed for a minimum exposure classification specific to 
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the site in accordance with AS 5100.5 and AS 1597.1. Box culverts used in 

saltwater applications shall be designed for exposure classification C1 or C2 as 

specified in accordance with AS 5100.5 and AS 1597.1. 

(ii) Precast reinforce concrete pipes 

Precast reinforce concrete pipes shall comply with the requirements of AS 4058. 

Precast reinforced concrete pipes covered by this section shall be used for 

drainage not subject to internal pressure and the required sizes and load classes 

shall be as shown on the drawings. 

Rubber ring joints shall comply with the requirements of AS 1646. 

The clear cover to steel reinforcement shall be based on normal environments and 

shall not be less than shown in Table 3.1 of AS 4058. 

The design diameter as defined in AS 4058 shall not be less than 95% of the 

nominal size shown on the drawings for all classes of pipes up to and including 

Class 4. 

(b) Bedding and Backfill Materials 

Materials used for bedding and selected backfill shall be free from perishable matter and 

lumps and shall conform to the requirements of Table 501.031.  

Ordinary backfill shall be free from perishable matter and shall conform with the 

requirements of Table 501.031. 

Table 501.031  Grading of bedding and backfill materials 

Material  

Sieve Size – AS (mm) 

Plasticity 

Index 

(max.) 
75.0 37.5 19.0 2.36 .075 

% passing by mass 

Bedding - - 100 - 5 - 40 20 

Select backfill - 100 - - 5- 40 20 

Ordinary backfill 100 - - 40 – 100 - - 

 (c) Testing Requirements 

Prior to commencement, the Contractor shall test the bedding and selected backfill 
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material at a frequency shown in Table 501.032 to ensure that all materials supplied under 

the contract comply with the specified requirements. 

Table 501.032  Testing requirement for bedding and selected backfill 

Test Minimum Frequency of Testing 

Grading 

Plasticity Index 

One per 5000 tonnes or part thereof 

One per 51000 tonnes or part thereof 

(d) Concrete 

Cast-in-place concrete concrete edgings, paths and other surfacings shall comply with 

the requirements with the requirements of Section 603. 

(e) Mortar 

Mortar used in the laying of box culvert sections or as jointing for pipes shall consist of 

three parts of sand to one part of cement, by mass, with sufficient water to produce a mix 

of consistency appropriate to the intended use. The cement shall comply with the 

requirements of Australian Standard AS 3972 General purpose and blended cement. 

(f) Buried Corrugated Metal Culverts 

Buried corrugated metal structures (BCMS) are: 

• bolted steel plates or sheets in accordance with AS/NZS 2041 

• long-span corrugated steel structures in accordance with AS/NZS 2041. 

All BCMS shall be designed and constructed in accordance with AS 2041:2011 the 

Australian Standard for Buried Corrugated Metal Structures. 

All BCMS shall be provided with a reinforced concrete invert lining. Lining concrete shall 

comply with Section 804. 

Reinforcement for use with concrete linings shall be galvanised in accordance with 

AS/NZS 4680. 

Concrete lining shall not be cast until 28 days has elapsed following the completion of 

backfilling and road construction. 

The lining together with its attachments to the culvert walls shall be of sufficient strength 

to enable the culvert to support the design loads in the event that the steel loses its load-

carrying capacity. 

On completion of the concrete invert lining, construction vehicles or plant shall not pass 
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over the culvert until at least 28 days has elapsed following casting of the concrete invert 

lining; or seven days has elapsed following casting, provided that the cylinder strength of 

the concrete has achieved 20 MPa. 

Attachment of reinforcement to the culvert walls shall be by welding.  The temperature of 

the steel components during welding must not exceed 450ºC.  Galvanised surfaces which 

have been damaged by heat must be repaired by the application of two coats of a 

proprietary zinc-rich coating which complies with Clause 8 of AS/NZS 4680. 

Welding must be in accordance with AS/NZS 1554 using a qualified welder together with 

appropriate welding materials and welding procedures. 

Threaded fasteners may be used for attachment to the culvert walls provided that a 

continuous structural connection between the concrete lining and the culvert wall can be 

achieved. 

Fasteners for attachment shall be hot-dip galvanized.  Holes for fasteners shall be drilled, 

de burred and treated with two coats of zinc-rich paint. 

BCMS made from continuous helically-wound galvanised steel strips with lock-seams or 

other proprietary helically-wound profiles are not permitted. 

BCMS are not permitted if the culvert will be permanently inundated and water will be in 

constant contact with the galvanised steel structure. 

BCMS shall have a design life of 100 years. At the end of the design life the structure shall 

have a residual thickness of steel with sufficient capacity to safely support the design dead 

and live loads current at the time of design in accordance with the relevant Australian 

Standard. 

BCMS of less than 1200 mm diameter are not permitted. 

Where the required design life cannot be achieved using steel, consideration must be 

given to the use of alternative materials for example aluminium or pre-cast concrete pipes 

and box culverts. 

Materials shall comply with the requirements of the relevant Australian Standard. 

Steel plates shall be hot-dip galvanised in accordance with AS/NZS 4680. 

Materials shall be tested for conformity with the specified requirements. 

Testing of materials shall be conducted by a NATA-accredited laboratory or an equivalent 

testing establishment that meets with the approval of the Engineer. 

The Contractor shall submit to the Engineer for each lot of steel plate material used in the 
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fabrication of the culvert a test certificates for the required material properties in 

accordance with the relevant Australian Standard and the manufacturer's certificate of 

compliance of the material with the relevant Australian Standard. 

Test certificates for other materials shall be supplied to the Engineer on request. 

All materials shall be traceable from the point of manufacture to the point of use and 

appropriate supporting documentation shall be supplied to the Engineer on request 

BCMS shall be designed in accordance with AS/NZS 2041 and shall be made from 

galvanised steel with a minimum wall thickness of 5 mm which shall be shown on the 

drawings. 

Design calculations shall ignore the effect any concrete lining. 

Fill material shall be Type A to Section 202, graded in accordance with Table 2.4.1B of 

AS/NZS 2041.2:2011 with a pH in the range of 6 to 8 and a minimum resistivity of 10,000 

ohm.cm. 

The levels of chloride and sulphate ions in the fill material shall not exceed 200 ppm and 

1000 ppm by weight respectively in accordance with AS/NZS 2041.1:2011. 

Filling and installation shall comply with the requirements of AS/NZS 2041.2:2011. Fill 

shall be laid progressively to both sides of the culvert and shall be compacted by 

mechanical means with the appropriate level of energy to achieve the required density 

without permanent distortion or damage to the culvert. 

To avoid permanent distortion or damage to the culvert, fill over the structure shall be 

compacted with low-energy devices until the depth of fill is to the lesser of half the culvert 

diameter or 600 mm. 

Internal bracing shall be provided during filling as necessary to prevent distortion or 

damage to the culvert. 

 

 

501.04 CONFORMITY WITH DRAWINGS 

The Contractor shall set out the drainage work in accordance with drawings, or as specified by the 

Engineer. 

Prior to commencement of excavation for the culverts the Contractor shall confirm the position of all 

culverts with the Engineer. 

The culverts constructed shall be constructed true to line and level true to line and level.  
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Where it is necessary to modify the line or levels of drainage lines shown on the drawings the 

Engineer shall be notified of the proposed design change prior to excavation for the drainage lines. 

The design change notice shall include certification by the designer that the change complies with 

the design requirements. 

Unless specified otherwise the tolerance on location of pipes compared to the design or a change 

to the design notified in accordance with this clause shall be: 

(i) offset of entry pits required to match lines of kerbs or barriers ±20 mm 

(ii) plan location of pits other than offsets to kerb lines or barriers ±100 mm 

(iii) invert level of pipes at pits ±50 mm\ 

(iv) departure from design grade of pipe runs ±10 mm in 10 m provided minimum grade is not 

less than 1:250 

The location of each run of underground drainage shall be verified by a survey prior to backfilling 

the culverts and shall be recorded progressively on the Contractor’s as constructed drawings. 

 

501.05 PROVISION FOR DRAINAGE DURING CONSTRUCTION 

The Contractor shall provide for safe discharge of seepage, drainage and storm water at all times 

during the construction of any culvert, and for the effect de-watering of excavations. Before 

obstructing any waterway, channel, culvert, or pipe, the Contractor shall make provision for 

temporary diversion of flow and obtain prior written approval from the relevant waterway authority. 

 

501.06 INSTALLATION OF CULVERTS IN FILLS UNDER CONSTRUCTION  

Before laying any single row or multiple rows culvert in a fill, the fill shall first be constructed and 

compacted to subgrade level or to a level 0.3 m above the top of the proposed culvert; whichever is 

the lower, for a distance of not less than 6m clear on either side of the proposed trench. The trench 

shall then be excavated through this fill as provided in Clause 501.08 and the culvert installed. 

 

501.07 CONSTRUCTION LOADING ON CULVERTS 

Until the minimum compacted thickness of cover specified in Table  for a particular range of axle or 

track loading has been provided over any culvert, construction traffic of loading within or greater 

than the range shall not be permitted to cross that culvert. A temporary embankment extending not 

less than 15 m both sides of the culvert may be used to provide the necessary cover. 

Table 501.071 Construction loading on culverts 
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Range 

of 

Axle 

or 

Track 

Loading 

(tonne) 

Required Cover Thickness (Metre) 

(min.) 

Type, Size, and Class of Culvert 

Pipe 

 Corrugated 

Metal 

D  

1.2 - 3.6 m  

Box 

Culvert 

90 kN 

Proof 

Load 

Pipe Class 

 

2 3 4 

D<1.2m D>1.2m D<1.2m D>1.2m D<1.2m D>1.2m 

0 – 9 0.4 0.4 0.4 0.4 0.4 0.4 0.6 0.1 

9 – 20 0.4 0.4 0.4 0.4 0.4 0.4 1.2 0.6 

20 – 35 0.7 0.4 0.4 0.4 0.4 0.4 1.5 0.9 

35 – 50 0.9 0.7 0.6 0.5 0.5 0.4 1.8 1.2 

50 – 60 # # 0.8 0.8 0.7 0.7 2.1 1.5 

Notes to Table 501.071 

# This range of loading not permissible. 

 D Nominal Pipe diameter 

 D less than 1200 mm not permitted, D more than 3600 mm as directed by the Engineer. 

 

501.08 EXCAVATION 

Excavation for installation of culverts shall include all excavation necessary to prepare the culvert 

foundation and to provide the full specified depth of culvert bedding. Where necessary the 

foundation shall allow for pipes with protruding sockets. Where practical, trench walls shall be 

vertical. The sides of excavation shall be supported by satisfactory means to ensure the safety of 

workmen and traffic. For trenches deeper than 1.2m in depth the Contractor shall submit to the 

Engineer for approval his proposed method for supporting the trench. No work shall commence 

without the Engineers approval. 

For box culverts the width of the trench shall be such that the clearance from the outside of the 

culvert to the wall of the trench or to the inside of sheeting is in the range 0.5 to 1.0 times the overall 

height of the culvert. For pipe culverts the width of trench at and below the level of the top of the 
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pipe shall be such that the horizontal clearance from the outside of the pipe to the wall of the trench 

or to the inside of sheeting is within the limits shown in Table 501.081. 

 

Table 501.081 Horizontal Clearance to Wall of Trench 

Pipe Type 

Nominal Pipe 

Diameter  or 

Width  

(mm) 

Horizontal Clearance to Wall of 

Trench 

Minimum 

 (mm) 

Maximum 

 (mm) 

Corrugated Metal 

Culvert 
All 300 1,000 

Other All 300 600 

The base of the trench shall be compacted to refusal using mechanical plant. 

The Contractor shall treat or replace all soft, wet or unstable material below the level required to 

provide the minimum specified thickness of culvert bedding, as specified below. Replacement 

material if used shall be compacted in accordance with Clause 501.12. 

 

501.09 CULVERT BEDDING 

Bedding material shall be provided and placed for the full width of the trench or, where the culvert is 

to be placed without trenching, to a width 0.8m greater than the overall width of the culvert. The 

compacted thickness of bedding material following any shaping necessary shall be not less than: 

• 100 mm where D < 1500 mm 

• 200 mm where D > 1500 mm 

where D is the nominal pipe diameter or culvert width. 

When the sections are in position, an additional layer of bedding material shall be placed to a height 

equal to 30% of the pipe diameter or culvert height. This material shall be placed between the pipe 

and the outer limits of the lower layers of bedding, and shall be compacted as specified in Clause 

501.13. 

 

501.10 LAYING 

(a) General 

Laying of all culverts shall commence at the downstream end. 
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Laying of pipes or box culverts shall not commence until the Contractor has verified that 

culvert bedding complies with the specified lines and levels and compaction requirements, 

and that pipes or box culverts are not damaged and comply with the requirements of 

Clause 501.04. 

 (b) Pipe Culverts 

 Rebate and socket ends of pipe sections shall be placed facing upstream. The 

ends of the rebate and socketed pipes shall be fully entered. 

 The lower portion of the pipe circumference shall be in contact with the bedding 

for the full length of each section. The compacted bedding shall be shaped to 

accommodate the joint collar and ensure that the pipe is supported along its full 

length. 

 Where applicable, the top of the pipe as marked shall be set within five degrees of 

the vertical axis of the culvert. 

 Corrugated metal culverts shall be assembled and laid as specified in Clauses 

501.14  

 The spacing for multiple row culverts shall be as shown in Table 501.101. 

Table 501.101 Spacing for multiple row culverts 

Pipe Type Corrugated Metal 
Corrugated Metal 

Pipe Arch 
Other 

Nominal 

Diameter (D) 

or Width (mm) 

Less than 

2,400 

Over 

2,400 

Less than 

3,600 

Over 

3,600 

Less than 

600 

600 to 

1,800 

Over 

1,800 

Clear space 

between rows 
D/2 1.2 m D/3 1.2 m 0.3 m D/2 0.9 m 

 (c) Precast Box Culverts 

Consecutive sections of box culverts shall be firmly butted together. The top sections shall 

be matched to the bottom sections and shall not be lapped over adjoining bottom sections. 

The contact area between the top and bottom sections shall be mortared. Multi row box 

culverts shall be laid with the sections in each row in contact with the sections in the 

adjacent rows 

(d) Cutting of Culverts 
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Where it is necessary to cut any culvert section to length or to create a penetration, cutting 

shall be done by machine to achieve a clean vertical face and any exposed reinforcement 

shall be coated with an approved epoxy treatment to prevent corrosion 

 

501.11 JOINTING 

All interlocking (flush) joint reinforced concrete pipes shall be mortar joined or wrapped with a 

200mm wide external joint rubber band. External rubber bands shall be manufactured from natural 

rubber and have a minimum tensile strength of 18 MPa and a minimum elongation of 400% at break 

as determined in accordance with AS 1683, Method 11.  Rubber band thickness shall not be less 

than 2 mm. In the case of internally jointed pipes, 600mm diameter and larger, the mortar shall be 

struck off flush with the bore of the pipe.  

Rubber rings shall be kept undisturbed, clean, and free from dirt and other foreign materials and 

shall be stored undercover if pipes are not to be installed immediately. Rubber ring joints shall be 

assembled and prepared in accordance with the manufacturer’s recommendations.  Where rubber 

rings are disturbed they shall be cleaned and re-assembled prior to refitting. 

 

501.12 PLACMENT OF FILLING 

Unless the culvert is installed through an existing paved area, selected and ordinary backfill shall be 

placed around and above the culvert sections after the sections are bedded and compacted as 

specified in Clause 501.13.  

(i) Culvert Under Area to be paved 

Where the trench has been excavated from design subgrade level or above, the trench 

shall be backfilled to design subgrade level with selected backfill material and above that 

level with appropriate pavement material. 

Where the trench is excavated from below design subgrade level the trench shall be filled 

with   selected backfill material. 

(ii) Culvert Under Area not to be Paved. 

The trench shall be backfilled with selected backfill material to a level 0.3 m above the top 

of the culvert and with ordinary backfill above that level. 

Where written permission is provided by the Engineer to install culverts in non-trench conditions the 

following requirements shall apply: 

• Selected backfill material shall be placed for the full width of the previously placed bedding 

material to a height of 0.3 m above the top of the culvert or to subgrade level, whichever is 

the lower. To provide support for the selected backfill material, ordinary backfill material 
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shall be placed simultaneously with the selected backfill material to a distance two culvert 

diameters clear of the culvert. 

• During filling, the maximum difference between fillings placed on opposite sides of the 

culvert shall not exceed the lesser of one quarter the height of the culvert or 0.5 m. Filling 

shall not be placed within 2 m of an exposed culvert end where further sections are to be 

placed.  

Where approved by the Engineer, culverts in trenches may be backfilled to half the pipe diameter or 

box culvert height with 3% cement stabilised sand with a water content sufficient to ensure 

penetration beneath the pipe or box culvert invert without leaving free surface water. 

 

501.13 COMPACTION STANDARD 

Bedding and backfill materials shall be placed and compacted in layers not exceeding 150 mm loose  

Bedding and backfill shall be assessed for compaction and or moisture in lots.  The number of tests 

per lot shall be three.  A lot shall consist of one layer of bedding or backfill for a culvert length 

between adjacent pits or endwalls.  A minimum of 20% of all lots for each culvert shall be tested.  

The calculation of density and moisture ratios shall be based on standard compactive effort.  

Where the nominal size of bedding or backfill material after compaction is greater than 40 mm, the 

moisture ratio shall be determined on material that passes the 19.0 mm sieve. 

(a) Bedding 

Bedding shall be compacted to refusal using hand held mechanical equipment.  Bedding 

material which has a swell equal to or greater than 2.5% shall be maintained at a mean 

moisture ratio of 92% between the completion of rolling and the placement of the overlying 

layer. 

(b) Backfill 

(i) Material of nominal size 40 mm or less after compaction 

Backfill material which will have a nominal size after compaction of 40 mm or less 

shall be compacted to a mean value of density ratio of not less than 97%.  Backfill 

material which has a swell equal to or greater than 2.5% shall be maintained at a 

mean moisture ratio of 92% between the completion of rolling and the placement 

of the overlying layer. 

(ii) Material of nominal size greater than 40 mm after compaction 

Backfill material which will have a nominal size after compaction greater than 40 

mm shall be compacted using a grading, mixing, watering and rolling procedure. 
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Backfill material which has a swell equal to or greater than 2.5% shall be 

maintained at a mean moisture ratio of 92% between the completion of rolling and 

the placement of the overlying layer. 

 

501.14 ASSEMBLY OF CORRUGATED METAL PIPES 

All corrugated metal culvert sections supplied by the Contractor shall be assembled in accordance 

with the manufacturer's assembly instructions. 

Where culvert sections supplied free to the Contractor, the following will be provided: 

 Manufacturer’s Assembly Drawings 

 Schedule of Parts Supplied 

 General Assembly Instructions 

 

501.15 INSTALLATION OF CULVERTS THROUGH EXISTING PAVED AREAS 

The Contractor shall install culverts through existing paved areas in such a manner and at such 

times as to minimise disruption to traffic. Existing pavement shall be saw-cut prior to excavation. 

Unless otherwise specified or shown on the drawings, the trench shall be backfilled to the existing 

subgrade level with selected backfill material and the pavement restored using materials approved 

by the Engineer. If the existing pavement has a bituminous or concrete surface, the uppermost 40 

mm shall be size 10 asphalt.  

 

501.16 REMOVAL OF EXISTING CULVERTS 

(a)  General 

Where specified the Contractor shall remove culverts from existing paved areas. 

The Contractor shall remove culverts from existing paved areas in such manner and at 

such times as to minimise interference to traffic. 

Except where the pavement under which the culverts passes is to abandoned, the trench 

shall be kept to the minimum width to allow removal of the culvert or laying a replacement. 

(b) Salvage and Stacking 

Salvaged culvert sections shall be cleaned and unless otherwise specified or they are to 

be relayed, they shall be neatly stacked. 

(c) Treatment of Residual Excavation 
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Where a culvert has removed and the excavation is not to be backfilled, the excavation 

shall be neatly trimmed to slopes not exceeding 1.5 to 1 and the ends of the trench shaped 

to facilitate the smooth flow of water. 

Where the trench is to be backfilled, this shall be done in accordance with the provisions 

of Clause 501.13 the final surface shall be shaped to conform to the adjoining profile. 

(d) Pavement Restoration 

Unless otherwise specified or shown on the drawings, pavement restoration shall be 

carried out using materials approved by the Engineer and, if the existing pavement has a 

bituminous, the uppermost 50mm shall be size 14 asphalt or at least the depth of the 

existing asphalt, whichever is the greater. 

Where excavation is undertaken in a concrete pavement, the restoration shall be 

undertaken to the equivalent depth as the existing concrete unless deemed inadequate 

by the Engineer. Prior to placement of the concrete, the subbase depth shall be at least 

150 mm of crushed rock meeting crushed rock subbase requirements as described in 

Section 301.  

 

501.17 INLET AND OUTLET STRUCTURES 

Inlet and outlet structures and endwalls shall be constructed in accordance with the drawings and 

specification. 

Concrete used for the construction of inlet and outlet structures shall comply with the requirements 

of Section 804.  

Footings shall extend to the depths shown on the drawings or as necessary to achieve a satisfactory 

foundation. If backfilling to the specified level is required, selected backfilled material shall be used. 

When the proposed foundation is unsatisfactory due to neglect or the use of inappropriate methods 

by the Contractor, no payment will be made for the work and materials necessary to provide a 

satisfactory foundation at the specified level. 

 

501.18 EXIT AND ENTRY CHANNELS 

Where shown on the drawings or otherwise specified by the Engineer, channels shall be excavated 

to facilitate the flow of water. They shall be of regular shape and of sufficient area to take the flow of 

water without any low spots that might retain water. Any low areas shall be filled with suitable 

excavated material and firmly compacted. 

 

501.19 FLUSHING OF CULVERTS 
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All culverts shall be flushed clean from end to end on completion and maintained in proper working 

order. 

 

501.20 REPAIRS TO DAMAGED PIPES AND BOX CULVERTS 

(a) Steel reinforced concrete pipes 

Any steel reinforced concrete pipes that have cracks wider than 0.2 mm or are damaged 

prior to laying and backfilling shall be rejected. Where inspections after backfilling identify 

any of the following defects they shall be notified as a non-conformance: 

• cracks wider than 0.5 mm 

• spalling of concrete 

• exposed reinforcement 

• joints that are not fully engaged. 

Any pipes with defects greater than the following limits shall be removed and replaced: 

• longitudinal cracks greater than 2 mm 

• circumferential cracks around the full circumference with width greater than 3 mm 

or with lateral displacement of the cracked sections exceeding 3 mm 

• circumferential cracks around part of the circumference with width greater than 4 

mm 

• penetrations with area greater than 400 mm2 

• pipe joints that are separated. 

The Engineer may agree to accept pipes with defects as noted above subject to 

demonstration that repairs will ensure that pipes will operate effectively for their design 

life. Consideration will only be given to products and procedures with proven performance 

and to the following types of treatments: 

• hot sprayed epoxy coatings for cracks not wider than 4 mm with no lateral 

displacement 

• fibre glass reinforced epoxy sleeving for cracks not wider than 4 mm with lateral 

displacements up to 3 mm 

• spalled concrete, exposed steel reinforcement and penetrations shall be treated 

as patch repairs and repaired with polymer modified cementitious repair  

The Contractor shall submit details of proposed rectification treatments including 
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manufacturer’s product specifications and warranties, the area and thickness of repair 

treatment, detailed repair procedures, and inspection and test plans. 

No repairs shall be undertaken without the Engineer’s approval of the repair materials and 

procedures. 

(b) Other types of pipes 

Other types of pipes which exhibit defects or are otherwise damaged prior to laying and 

backfilling shall be rejected. 

Where inspections after backfilling identify any defects, such pipes shall be removed and 

replaced, unless the Engineer approves repairs to be undertaken in accordance with the 

manufacturer’s repair procedures and materials. 

(c) Box culverts 

Box culverts which do not comply with the requirements of the specification prior to laying 

and backfilling shall be rejected and removed from the site unless the Engineer approves 

repairs to be undertaken. 

 

501.21 MARKER POSTS    

At all locations specified the Contractor shall supply and erect guide posts at the edges of 

the formations on the side of the culvert nearer approaching traffic. 

 

  

 Page  408  of  708 



Fiji Roads Authority 

 

390  

SECTION 502 – SUBSURFACE DRAINAGE 

502.01 DESCRIPTION 

This section covers the requirements for the supply, delivery and installation of subsurface drainage 

pipes, prefabricated drains and filter materials as shown on the drawings or as specified. 

 

502.02 DEFINITION 

(a) Pervious Pipe System 

A pervious pipe system comprises drainage pipes which permit the entry of water from 

surrounding material and convey it to a discharge point. Such pipes may be perforated, 

slotted or porous pipes or impervious pipes laid with open joints. 

(b) Sub surface Drain 

A subsurface drain is a pervious pipe system laid in a trench and surrounded by granular 

filter material or geotextile. 

(c) Prefabricated Drain (also referred to as Geocomposite drain) 

A prefabricated drain comprises a highly permeable core material wrapped in a geotextile. 

The core shall be non-crushable and flexible and shall completely support the geotextile 

fabric. The geotextile shall have the filtration and separation properties to perform the 

functions of a single or second stage filter 

(d) Single Stage Filter 

Single state filter is granular filter material placed in contact with the trench sides and 

surroundings the pervious pipe system. 

(e) First Stage Filter 

First stage filter is granular filter material or geotextile placed in contact with the trench 

sides and surrounding a second stage filter. 

(f) Second Stage Filter 

Second stage filter is granular filter material or geotextile placed in contact with the 

pervious pipe system and surrounded by a first stage filter. 

 

502.03 CONFORMITY WITH DRAWINGS 

Subsurface drains, whether pipe or prefabricated systems, shall be constructed true lines, depth or 

levels as shown on the drawings. 
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The invert of the subsurface drainage pipe or the prefabricated drain shall be not more than 25mm 

from the specified level and not more than 50mm from the specified line. Changes of grade shall not 

be abrupt, or occur at a rate exceeding 10mm in any 3m length, or lead to ponding of water within 

the drainage pipe to a depth exceeding 25mm. 

 

502.04 DRAINAGE PIPES AND PREFABRICATED DRAINS 

  

Unless otherwise specified, subsurface drainage pipes and fabricated drains shall be supplied by 

the Contractor. 

For the purpose of this section, subsurface drainage pipes and prefabricated drains are grouped 

into three categories as follows: 

Category 1: Perforated plastics Class 1000 

Precast concrete Class “Y" 

Category 2: Perforated plastics Class 400 

Category 3: Prefabricated drains 

Pipes supplied shall be of the category and diameter shown on the drawings and shall comply with 

the following Standards or approved equivalent: 

Perforated plastics  - AS 2439 (except for perforation dimensions) 

Perforated concrete pipes - Section 501 

Perforated corrugated steel - AS 2041 

Category 1 pipes may be substituted for category 2. 

Geotextiles used for the outer covering of the prefabricated drain shall comply with the requirements 

of Section 608.  

Perforated plastics pipes and prefabricated drains supplied in coils shall be free from any permanent 

curved set when uncoiled. 

Plastic pipes and prefabricated drains shall be stored away from sunlight and shall not be exposed 

unnecessarily to sunlight during delivery and placement. 

 

502.05 GRANULAR FILTER MATERIALS 

(a) General 

Granular filter material shall consist of hard, durable and clean sand, gravel or crushed 

rock, free from clay balls and organic matter, and shall have a pH value greater than 4. 

and less than 10. The portion of granular filter material passing a 4.75mm AS sieve shall 
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have a Sand Equivalent value not less than 80 when tested in accordance with AS 

1289.3.7.1. The grading of granular filter material shall comply with the requirements of 

502.051 

 

Table 502.051 Grading Requirements for Granular Filter Material. 

 

Sieve 

Size   

AS 

(mm) 

Limits of Grading (% passing) (by mass) 

Single and First Stage Filters Second Stage Filters 

A1 A2 A3 A4 A5 A6 B1 B2 B3 B4 

37.5 - - - - - 100 - - - - 

26.5 - - - - - - - - - 100 

19.0 - - - - 100 
85-

100 
- 100 100 

70-

100 

13.2 - - - - 
90-

100 
- - 

90-

100 

90-

100 
0-30 

9.5 - 100 100 100 
70-

100 

65-

100 
100 

70-

100 
40-70 0-10 

4.75 - 
90-

100 

90-

100 

70-

100 

28-

100 
48-82 

70-

100 

28-

100 
0-15 - 

2.36 100 
75-

100 

70-

100 
0-50 0-28 30-60 0-50 0-28 0-5 0-5 

1.18 95-100 50-98 40-65 0-10 0-8 15-40 0-10 0-8 - - 

0.0600 70-98 30-80 12-40 - - 5-25 - - - - 

0.300 30-60 10-40 0-16 0-5 0-5 0-10 0-5 0-5 - - 

0.150 0-12 0-7 0-4 - - 1-5 - - - - 

0.075 0 0-3 0-3 0-3 0-3 0-3 0-3 0-3 0-3 0-3 

 

(b) Crushed Rock Components 

Source rock for crushed rock components of granular filter material shall comply with the 

material requirements for ‘sound’ rock as specified in Section 301 and the Los Angeles 

Value (LAV) subbase requirements of Table 301.032. 

 

 (c) No Fines Concrete 

No fines concrete should consist of B4 filter as defined in Table 502.051 and mixed with 
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4.0% by mass of cement and 3.5% by mass of water in a mixing plant. 

 

502.06 GEOTEXTILE FILTER 

A geotextile filter shall consist of a fabric manufactured from synthetic fibres of a long chain polymer 

such as polypropylene, polyethylene, polyester or similar material and shall be stabilised against 

deterioration due to ultraviolet light.  After forming, the geotextile shall be processed so that the 

fibres retain their relative positions with respect to each other.  The geotextile shall be free from 

defects or flaws which significantly affect its physical and/or filtering properties. 

A geotextile filter may be non-woven or knitted fabric and shall comply with the requirements of 

Table 502.061. 

Continuous knit seamless sleeve geotextile filter may be used as a second stage filter. 

Table 502.061 Geotextile Requirements 

Geotextile Filter Type 
Minimum Robustness 

G( 1 ) 

EOS( 2 ) 

(microns) 

Minimum ( 3 ) 

Elongation 

(%) 

1. First Stage Filter 900 

(moderately robust) 

85 - 230 45 

2. Second Stage Filter 

(non-woven) 

600 - 900 125 - 350 20 

3. Second Stage Filter 

(knitted seamless 

sleeve) 

N/A 125 - 350 50 

( 1 ) G = Geotextile strength rating 

( 2 ) EOS = Equivalent Opening Size using AS 3706.7 

   Determination of Pore Size Distribution - Dry Sieving Method. 

( 3 )   Elongation at break as determined by AS 3706.2 

   Determination of Tensile Properties - Wide Strip Method. 

Geotextiles shall be stored away from sunlight and shall not be exposed unnecessarily to sunlight 

during delivery and placement. 

 

 

502.07 MINIMUM TESTING REQUIREMENTS 

The Contractor shall test the granular filter material at the minimum frequency in accordance with 
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Table 502.071. 

Table 502.071 Minimum testing requirement 

Test Minimum Frequency of Testing 

Grading 

Unsound Rock 

 

pH 

One per 100 tonnes or part thereof 

One per 100 tonnes or part thereof 

 

One each production month or part thereof 

 

 

502.08 DRAINAGE SYSTEM AT STRUCTURES 

The geotextile drainage system at structures may be either prefabricated drains placed vertically or 

a geocomposite drainage material made up of a permeable drainage layer with one or both faces 

bonded to a geotextile filter fabric. The geotextile filter used in such drains shall be a non-woven 

product conforming to the requirements of Section 608. 

Where a prefabricated material is made up of a permeable drainage layer with one or both faces 

bonded to a geotextile filter fabric, such a system shall be placed over the full height of fill which is 

in contact with the structure. The geotextile filter used in such drains shall be a non-woven product 

conforming to the requirements of Clause 502.06. 

The geocomposite drainage layer shall have the following minimum hydraulic properties under unit 

hydraulic gradient. 

Permeability perpendicular to the geocomposite under 0.2KPa normal pressure – 0.5 cm/sec  

Transmissivity in the plane of the geocomposite – Normal 

  Pressure Transmissivity 

  10 kPa350 x 10-6 m2/sec 

  100 kPa 250 x 10-6 m2/sec 

  200 kPa 150 x 10-6 m2/sec 

  399 kPa 100 x 10-6 m2/sec 

Material supplied should be in accordance with the manufactures specification. 

Prefabricated drains shall be connected to a collector pipe with an outlet to a fitting immediately 

adjacent to the structure or as shown on the drawings.  The collector pipe shall be fitted with a flush-

out riser connected to an inspection opening in the verge adjacent to the structure or as shown on 

the drawings. 
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Preformed PVC fittings shall be used for all connections between the prefabricated drains and the 

collector pipe and all connections shall be sealed and protected to prevent displacement during 

backfilling. 

 

502.09 EXCAVATION 

The width of the trench shall be not less than the diameter of the pipe plus 250mm and not greater 

than the diameter of the pipe plus 350mm. Where a geotextile is to be used as a first stage filter in 

contact with a trench wall, the trench wall shall be excavated to allow the geotextile to be in close 

contact with the wall when the granular filter material is placed against the geotextile. 

Where prefabricated drain is to be used, the trench walls shall be excavated to allow the drain to be 

in close contact with the wall when the granular filter material is placed against the geotextile. 

The bottom of the trench shall be compacted and shall be not more than 50mm below the specified 

level of the invert for the pipe. There shall be no departures from the grade of the base of the trench 

that would allow ponding of water. Excess trench excavation shall be made good by filling back to 

grade with compacted material of permeability similar to that of the surrounding material and any 

loose material shall be removed. 

The base of the trench shall be inspected to verify compliance with the requirements in this clause 

prior to placing bedding in completed excavations. The Engineer shall be notified at least 24 hours 

prior to the inspection. 

 

502.10 INSTALLATION 

(a) Depth 

Subsurface drainage pipes or fabricated drains shall be laid to the depth or levels shown 

on the drawings. Unless otherwise specified or shown on the drawings, the tops of pipes 

shall be at least 300mm below subgrade level. 

(b) Grade 

Unless otherwise specified, or shown on the drawings, the grade of pipes or prefabricated 

drains shall be not flatter than 1 to 250. 

(c) Bedding for Drainage Pipe System  

Unless otherwise specified, a bedding of granular filter material of thickness between 25 

mm and 50 mm shall be placed across the bottom of the trench. The bedding shall be 

tamped and screened or graded to level. Bedding is not required for prefabricated drains. 

(d) Placing of Pipes 
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Pipes shall be placed centrally in the trench on the prepared bedding and held firmly in 

place. Slotted pipes shall be laid with the openings in the lower half of the pipes. 

(e) Placing of Prefabricated Drains 

Prefabricated drains shall be placed such that the drain stands vertical and is centrally 

located within the trench. 

(f) Jointing  

Preformed pipe joints and fittings may be used. Splice joints in prefabricated drains and 

pipes shall be made either with preformed prefabricated drain joints or fittings, or by 

putting together the sections of drain to be joined and wrapping the joint area with 

geotextile. Joints made by putting and wrapping with geotextile shall be secured to prevent 

separation during installation. The minimum width of geotextile used for wrapping shall be 

450mm. 

Lap joints in geotextile used as first stage filters shall consist of an overlap of not less than 

900mm longitudinally and 150mm transversely. 

Lab joints in geotextile used as second stage filters shall consist of an overlap of not less 

than 300mm. 

(g) Placing Granular Filter Material Around Pipes 

Filter materials shall be placed moist and with a minimal disturbance to pipes or 

prefabricated drains, geotextiles and trench walls. The loose thickness of layer shall not 

exceed 300mm. Each layer shall be compacted by means of at least three coverage of a 

vibrating plate or other compaction unit approved by the Engineer. 

No fines concrete shall be placed and compacted within 1 hour of mixing 

 (h) Backfilling for Prefabricated Drains 

Unless otherwise specified or shown on drawings, narrow trenches excavated for 

installation of prefabricated drains may be backfilled with granular filter material excavated 

from the trench as specified. 

(i) Flushing 

A flushing test shall be carried out on each subsurface drainage line after completion of 

subsurface drains, flushers and outlets, and after completion of all adjacent kerb and 

channel, barriers and road furniture. The test shall be witnessed by a representative 

nominated by the Engineer.  Each drain   shall be flushed in the presence of the Engineer 

with sufficient water to remove material that has entered the pipes during construction and 

to ensure that the pipes are free from obstruction. 
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The Contractor shall maintain a record of flushing tests for every sub-surface drainage 

line including the date and time of notification to the Engineer, the date and time of 

flushing, and witnesses to the flushing 

 

502.11 ACCESS POINTS AND INSPECTION OPENINGS 

Unless otherwise specified, or shown on the drawings, subsurface drainage pipes and/or 

prefabricated drains shall have access points at the beginning and end of the drainage run and shall 

have inspection openings at intervals of between 100m to 150m along the drainage run. 

Where storm water drainage pits are used as access points, the invert at the beginning of each 

drainage runs shall be located above the top of the pit outlet and the invert and the end of each 

drainage run, when not shown on the drawings, shall be located not less than 100mm above the 

invert of the pit outlet. 

Flushout risers for drainage pipes shall have the same diameter as the pipe. Flushout risers for 

prefabricated drains shall consist of a preformed riser fitting, or a pipe of diameter not less than 

100mm. Flushout risers shall have surface fittings as shown on the drawings. 

Unless otherwise specified or shown on the drawings, the outlet point at the end of each drainage 

runs shall be located at a drainage pit, culvert endwalls, or outlet in a fill batter or drain. 

Inspection openings as shown on the drawings shall consist of pits having a diameter not less than 

600mm. Pits shall be fitted with concrete or cast iron frame covers as shown on the drawings. 

 

 

502.12 MARKER POST 

At all fill batter and drain outlets the Contractor shall supply and erect marker posts as shown on the 

drawings. 
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SECTION 503 – DRAINAGE PITS 

 

503.01 DESCRIPTION 

This section covers the requirements for the supply of materials and construction of drainage pits 

including the associated excavation, backfilling, culvert connections, and supply and fitting of covers 

and associated components. 

 

503.02 MATERIALS 

Pits shall be constructed of concrete to the thicknesses shown on the drawings.  

The supply of concrete and construction of items covered by this section shall comply with the 

requirements of Section 804. The concrete shall have a minimum 28 day compressive strength of 

32 MPa  

Cement used shall comply with the requirements of AS 4058. 

Covers, grates, lids and lintels shall be as shown on the drawings 

All steel reinforcement shall comply with the requirements of Section 803. 

 

503.03 EXCAVATION 

(a) General 

Excavation shall be to the depth indicated on the drawings or as  necessary in order to 

obtain a satisfactory foundation. Backfill material conforming to the requirements of 

Section 501 shall be supplied, placed and compacted in layers not exceeding 300 mm 

loose thickness and compacted to refusal using hand held mechanical equipment. 

(b) Pre-Cast Pits 

For pre-cast pits the excavation shall provide a clearance from all external faces of pits to 

each face of the excavation of not less than 400 mm. Bedding conforming with the 

requirements of Section 501 shall be supplied, placed and compacted to a thickness not 

less than 150 mm on a clay  foundation or 80  mm on a rock foundation. 

 

Where the Engineer considers that the proposed foundation is unsatisfactory due to neglect by the 

Contractor or the use of inappropriate methods, no payment will be made for the work and materials 

necessary to provide a satisfactory foundation at the specified level 

503.04 CAST-IN-PLACE PITS 

Pits shall be constructed at the locations and to the dimensions shown on the drawings. Walls and 

 Page  417  of  708 



Fiji Roads Authority 

 

399  

floor thickness shall not be less than the dimensions shown on the drawings. 

Cast in place pits shall be constructed in accordance with the requirements of Section 804. 

 

503.05 PRE-CAST PITS 

Where the Contractors propose to use pre-cast pits, they shall be supplied and installed in 

accordance with the following requirements. 

(a) General 

Pits shall be installed at the locations and to the dimensions shown on the drawings. 

(b) Provisions for Stormwater Drainage Connections 

Provision shall be made for the connection of all stormwater drainage, culverts and 

subsurface drains as shown on the drawing. Holes for subsurface drains shall be 150mm 

diameter, unless otherwise specified or shown on the drawings. Weep holes of 50mm 

diameter shall be provided in all pits and shall be placed between the midpoint and top of 

the stormwater drain in those walls which have openings for drains. 

Reinforcement exposed by the cutting of holes shall be coated with an approved epoxy 

treatment to prevent corrosion prior to rendering around the pipes. 

(c) Segments 

If a pit is cast in segments, each section of the pit shall be rebated to ensure correct 

alignment and to prevent horizontal movement. A minimum rebate of 15mm shall be used. 

(d) Completion on Site 

Where pre-cast pits are to be completed on site, the provision of cuts outs and protruding 

reinforcement shall be as specified or in accordance with the drawings. 

(e) Joints 

Joints in precast concrete shaft sections shall be sealed from the inside with an epoxy 

compound in accordance with the manufacturer’s instructions to produce watertight joints. 

 

503.06 STROMWATER DRAINAGE CONNECTIONS 

All stormwater drainage connections to pits, drains, and the like shall be neatly made, and where 

necessary the ends of all drains be trimmed off and finished with cement mortar as stated in Clause 

503.11. 

Openings into drainage pit walls to facilitate stormwater drainage connections shall be neatly saw 

cut to the required size. 
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Weepholes or holes installed on site shall be cut.  Breaking out of holes is not permitted.  Pits shall 

be replaced if circumferential or longitudinal cracking occurs as a result of installing holes or if the 

hole exceeds the pipe diameter by more than 50 mm. 

Openings for culverts shall be cored out of the shaft sections during manufacture or carefully broken 

out to avoid shaft fractures. Minimum gaps of 25 mm shall be provided all around between 

connecting culverts and shaft sections. 

Reinforcement exposed by the cutting of holes shall be coated with an approved epoxy treatment to 

prevent corrosion prior to rendering around the pipes 

 

503.07 STEP IRONS 

Pits greater than 600 mm deep shall be fitted with steps irons as shown on the drawings in 

accordance with AS 1657 on one internal wall for the full depth of the structure. Steps shall be so 

located that they do not obstruct openings other than subsurface drainage openings and that water 

does not discharge onto them. Steps shall be set into a wall which has no openings, or besides an 

opening, or across a corner of the pit. 

Step irons shall be installed horizontal, vertically in line and shall project uniformly from drainage pit 

walls. 

Where drainage pits are extended in height from the lowest pit, step irons shall be located such that 

an equidistant spacing between step irons is still maintained. 

The top of the uppermost rung must not be more than 600 mm below the top of the pit.  The top of 

the bottom rung must not be more than 500 mm or less than 300 mm above the invert of the pit.  

Rung spacings must be 300 mm ± 50 mm. 

Step irons shall be manufactured from steel to AS/NZS 3679.1 Grade 250, or AS/NZS 4671 Grade 

N500 and after fabrication shall be prepared, pre-treated and hot dip galvanized in accordance with 

the requirements of AS/NZS 4680 with a minimum average coating thickness equivalent to 600 g/m2  

or manufactured from 13 mm steel bar covered with polypropylene plastic to a design and sample 

approved by the Engineer. Step irons of an approved proprietary type shall be installed in 

accordance with the manufacturer’s instructions. 

 

 

503.08 SHAPING OF FLOOR 

Pit floors shall be smoothly shaped from the inlets to the outlet for a height of one-third of the 

diameter of the outlet pipe with cementitious mortar, to provide a profile that will ensure smooth flow 

conditions between inlet and outlet pipes and prevent any snagging of debris.  
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503.09 FITTING OF COVERS 

Frames for pits covers shall be cast into the top of the pit or bedded on fresh mortar, 5 mm thick, 

consisting of two parts of sand, one part of cement and sufficient water to produce a mix of suitable 

consistency. 

The level at every point of the perimeter shall be within 10 mm of the design level for that point, and 

the line of the cover shall be within 10 mm of the design kerb line. 

 

503.10 BACKFILLING AROUND PITS 

All backfill materials shall be free of soluble salts, organic matter and other deleterious matter. 

Backfilling around pits shall be placed in layers not exceeding 300mm loose thickness and 

compacted to a refusal using hand held mechanical equipment. Backfill material shall be supplied, 

placed and compacted in accordance with Section 501. 

 

503.11 JOINTING 

The ends of components shall be free of any foreign matter at the time of jointing and shall be 

arranged to give best fit. 

The joints between various components such as drainage pits, access chambers and pipes shall be 

made watertight using a cementitious mortar.  The joint areas shall be thoroughly cleaned and 

wetted just prior to filling.  The cementitious mortar shall be used within its allowable application time 

and shall not be retempered. 

The joints shall be finished to provide smooth surfaces, uniform with the inner surfaces of pits and 

access chambers. 

Mortared joints and recesses shall be cured for a period of not less than 48 hours.  Backfilling 

operations against end structures shall not be carried out during the curing period. 
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SECTION 504 – OPEN CONCRETE LINED DRAINS 

 

504.01 DESCRIPTION 

This section covers the requirements for the construction of open concrete lined drains at location 

shown on the drawings or as directed by the Engineer. 

 

504.02 MATERIALS 

The concrete lining shall be cast in situ or precast concrete. All materials shall be supplied by the 

Contractor.  

Unless shown on the Drawings, proprietary products may only be used with the approval of the 

Engineer in accordance with the manufacturer's instructions 

The concrete lining shall comply with the requirements of AS 1379, and shall a have a minimum 

compressive strength at 28 days (MPa) of 25 MPa as specified in Section 601. 

 

504.03 SUPPLY OF PRECAST UNITS 

All precast units shall conform to the profiles shown on the drawings and shall have a dimensional 

tolerance of 10mm. Precast units shall be constructed from concrete complying with requirements 

of Section 601. 

The surface of all sections shall be consistently smooth and of uniform colour. Any section damaged 

during handling, storing and transporting shall not be used. 

 

504.04 CONSTRUCTION 

All soft, wet or unstable material shall be removed up to 150mm below the underside of bedding and 

backfilled with Type A fill, sand or crushed rock of a quality that when moistened and compacted will 

form a stable foundation. 

All excavation shall be neatly trimmed to levels specified so as to permit accurate construction of 

concrete linings. All loose material shall be fully compacted to the specified level. 

For cast in situ works, formwork shall be accurately set to line and level and shall be firmly held in 

position during placing of concrete. All concrete work shall be carried out in accordance with the 

requirements of Section 601. Wherever mortar is used for bedding and jointing purposes, the mixture 

shall have a 6 to 1 sand to cement ratio. 

Backfilling behind the concrete lined drains shall be with Type A material compacted to a relative 

compaction of 95% standard compaction. 
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All excavation shall be neatly trimmed to levels specified so as to permit accurate construction of 

concrete linings. Before placing any concrete the foundation material shall be shaped and 

compacted to form a firm base. 

Contraction joints shall be provided at a maximum spacing of 3 m. Joints shall be formed or cut 

through the full cross-section of the drain lining using an approved template and the edges finished 

with a suitable grooving tool. 

Expansion joints shall be provided at maximum 20 m intervals throughout, be 15 mm wide and filled 

with a pre-moulded filler extending over the full cross-section of the drain. The filler shall be placed 

in position before adjoining concrete is poured and shall be firmly held in position during construction. 

The Contractor shall adjust the batter for a distance of 1 metre above the lip of the lined table drain 

by trimming or by placing fill so that the batter face matches the line and level of the top inside edge 

of the lined table drain. 

 

504.05 TOLERANCES 

Concrete lined drains shall be constructed to within the following tolerances. 

(i)  The concrete lining shall be constructed with a smooth, uniform appearance 

(ii) For horizontal and vertical alignment, 25mm and 10mm respectively from the required 

levels and position. 

(iii) For exposed surfaces, when tested with a 3m straight edge, surface irregularities shall not 

be more than 10mm. 

(iv) All cross-sectional dimensions shall be within 10mm of the specified dimensions. 
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SECTION 601 – CONCRETE FOR INCIDENTAL CONSTRUCTION 

 

601.01 DESCRIPTION 

This section covers the requirements for concrete incidental construction. The requirements relate 

to quality of materials manufacture, supply and placing in conformity with the lines, grades and 

dimensions shown on the plans, or specified or directed by the Engineer. 

 

601.02 MATERIALS 

Unless otherwise specified, the Contractor shall make his own arrangements to obtain all materials 

required to complete the work covered by this section. 

(a) Concrete Materials 

Concrete materials shall comply with the requirements of the following Australian 

Standards as applicable: 

AS 3582.1 Supplementary cementitious materials for use with portland and blended 

cement – Part 1: Fly ash  

AS 3582.2 Supplementary cementitious materials for use with portland and blended 

cement – Part 2: Slag - Ground granulated iron blast furnace  

AS 3582.3 Supplementary cementitious materials for use with portland and blended 

cement – Part 3: Amorphous silica 

AS 3799 Liquid membrane-forming curing compounds for concrete 

AS 3972 – General purpose and blended cement 

The water used shall be free from all substances harmful to concrete and its 

reinforcement. 

(b) Ready Mix Concrete 

The mix and delivery of ready mix concrete or concrete mixed in central plant shall comply 

with: 

AS 1012 Methods of testing concrete  

AS 1411 Methods of sampling and testing aggregates 

AS 1379 Specification and supply of concrete 

(c) Reinforcement 

Unless otherwise specified or shown on the drawings or directed by the Engineer 
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reinforcement for concrete shall comply with the requirements of the following: 

AS/NZS 4671 Steel reinforcing materials 

AS/NZS 4680 Hot-dip galvanized (zinc) coatings on fabricated ferrous articles  

The reinforcement shall be free from any coating which will reduce or prevent bonding of 

the concrete to the steel. 

(d) Formwork 

Unless otherwise specified or shown on the drawings or directed by the Engineer 

formwork shall comply with the requirements of the AS 3610 Formwork for concrete 

 

601.03 STRENGTH 

Expect as specified below, concrete shall develop the cylinder strengths in accordance with Table 

601.031. 

Table 601.031 Cylinder strength for concrete used in incidental construction 

Portland cement concrete 

character strength grade 

(MPa) 

Minimum cylinder compressive strength (MPa) 

7 days age of cylinder 28 days age of cylinder 

N20 15 20 

N25 17-18 25 

N32 20 32 

Unless otherwise specified, concrete used in kerb extrusion machines will not be subject to these 

compressive strength requirements but shall have a minimum cement of 280 kg/m3. 

 

601.04 MIXING OF CONCRETE 

Concrete shall be mixed with mechanically operated mixers in sound mechanical condition which 

discharge concrete with such degree of uniformity that when samples taken at the one-quarter and 

three-quarter points of the batch volume are tested, the difference between the two slumps shall not 

exceed 25mm. 

The volume of concrete mixed in any mixer shall not exceed the manufacturer’s rated capacity of 

that mixer. 

The interior of the drum and the mixer blades shall be kept and free of hardened concrete or mortar 

by cleaning at frequent intervals. The first batch mixed in a cleaned mixer shall contain an excess 

of cement, sand and water over the normal batch volume sufficient to coat the inside of the mixer 

without adversely affecting the properties of the batch. 
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Each batch shall be completely discharged from the mixer before any materials are placed therein 

for the next batch. 

 

601.05 PLACING OF CONCRETE 

Concrete shall not be placed until the Engineer has examined both formwork and reinforcement in 

place and given his consent to proceed. Consent to proceed will not be given when the shade 

temperature is below 50C or above 400C or when the temperature of the concrete is less than 100C 

or more than 300C. 

After mixing concrete shall be placed in the forms without delay and in the case of ready mixed 

concrete or concrete mixed at a central mixing plant within 1 and half hours of the addition of cement 

to the aggregates. The methods of transport handling and placing concrete shall be such as to 

minimise segregation or loss of ingredients. 

Concrete shall not be under water or dropped through distance greater than 2 m without consent of 

the Engineer. Depositing a large quantity of concrete at any point and moving it or working it along 

the forms will not be permitted. Concrete which has developed is initial set or which has not been 

placed in the forms and compacted within 20 minutes after discharge from the agitator or on-site 

mixer shall not be used. 

Concrete shall be placed in one continuous operation between ends of members and construction 

joints and within such intervals of time that the contact surface of the preceding concrete is still in a 

plastic condition. 

 

601.06 COMPACTION OF CONCRETE 

During and immediately after the placing operation concrete shall be thoroughly compacted by by 

means of continuous tamping and internal vibration or other means approved by the Engineer. 

During compaction, neither reinforcement nor formwork shall be displaced. Care shall be taken to 

fill every part of the forms to force the concrete under and around the reinforcement to work coarse 

aggregate back from surfaces and to eliminate voids to produce a dense concrete free from voids, 

honeycombing, segregation or surface defects. Vibration shall be supplemented by such hand 

tamping as is necessary to achieve these aims. 

Vibrators shall be of type and design approved by the Engineer and shall have a minimum frequency 

of vibration of 100 Hz. The intensity of vibration shall be such as to visibly affect a mass of concrete 

having a slump between 20 and 30mm over radius of at least 0.5m. 

Vibration shall be applied to freshly deposited concrete. The vibrators shall be inserted into and 

withdrawn from the concrete slowly. The vibration shall be of sufficient duration and intensity to 

thoroughly compact the concrete but shall not be continued so as to cause segregation or produce 
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localized areas of grout. Application of vibrators shall be at points uniformly spaced and not farther 

apart than twice the radius over which the vibration is visibly affected. Vibration shall not be applied 

directly or through the reinforcement to sections or layers of concrete which have hardened to the 

degree that the concrete ceases to the plastic under vibration. It shall not be used to made concrete 

flow in the forms over distance so great as to cause segregation. 

 

601.07 MINIMUM CONCRETE COVER TO REINFORCEMENT 

The minimum concrete cover to steel reinforcement and other steel embedment shall be as shown 

on the drawings. The dimensional tolerance of concrete cover shall be 0 to +5mm. The curing of 

concrete shall be continuous and uninterrupted in accordance with Clause 601.09 to ensure the 

effectiveness of the minimum concrete cover. Where the minimum cover required for concrete 

placement and the minimum allowable steel reinforcement spacing within a concrete member shall 

not less than 1.5 times and the maximum size of aggregate in the concrete mix or the reinforcement 

bar diameter whichever is greater to ensure that the concrete can be satisfactorily placed, flow and 

compacted around the steel reinforcement. 

 

601.08  CONSTRUCTION JOINTS 

Construction joints shall be constructed where shown on the drawings. Where it is necessary to 

construct such a joint in a position not shown on the drawings it shall be constructed at a location 

and in a manner approved or directed by the Engineer. Joints in the concrete due to stopping work 

shall be avoided as far as possible. Before placing new concrete against concrete which has set, 

the forms shall be re-tightened if necessary and the surface of the set concrete shall be roughened 

and cleaned for foreign matter laitance and loose material. Immediately prior to placing further 

concrete and contact surface shall be covered uniformly with a thin coat of cement-water paste of 

creamy consistency. This surface preparation work shall be completed to the satisfaction of the 

Engineer before concreting proceeds. 

 

601.09 CURING 

Until hard set has occurred, freshly finished surfaces shall be effectively protected from rain or injury 

from other sources. Concrete surfaces exposed to conditions which might cause premature drying 

shall be protected for a period of not less than 24 hours after placing the concrete. The surface shall 

be kept moist in a manner approved by the Engineer, either by flushing or sprinkling or by covering 

with impermeable material or permeable material kept moist for a minimum period of 7 days after 

placing the concrete. Curing compounds shall comply with AS 3799 and may be used only with the 

consent of the Engineer. 

When in the opinion of the Engineer, frosts or freezing temperature are likely special precautions 
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shall be taken to maintain the concrete temperature at the surface of the setting concrete above 

50C. 

 

601.10 REMOVAL OF FORMS 

The materials, design, construction and remove of formwork shall comply with the relevant 

requirements of AS 3610. Forms shall not be removed until the concrete has the required strength 

to resist any formwork suction forces and with the permission of the Engineer. 

 

601.11 FINISH OF EXPOSED SURFACES 

Exposed surfaces shall be true and free from depressions of projections. Rough or porous areas 

and holes shall be filled with mortar. Bolts wires and other items passing through the concrete to 

hold the forms shall be cut off or set back 25mm below surface and any resultant holes shall be filled 

with mortar. 

 

601.12 DEFECTIVE CONCRETE 

The Contractor shall be fully responsible for the adequacy of forms, and for employing effective 

methods of mixing placing protecting and curing concrete. Approval of any such work or methods 

by the Engineer will not relieve the Contractor of this responsibility. Concrete not placed and 

completed in accordance with this specification or which in the opinion of the Engineer, is defective 

shall be removed within the limits assigned by the Engineer and replaced by the Contractor at his 

expense. 

 

601.13 SAMPLING AND TESTING 

Sampling and testing of the strength of concrete shall be carried out in accordance with Clause 6.2 

of AS 1379.  The frequency of sampling and testing shall provide at least one sample at the point of 

discharge to be tested of each 50 m3 or part thereof of each strength grade placed on any one day.  

Where less than 50 m³ is provided for any one day then one sample shall be tested of each strength 

grade. 

The consistency of the concrete shall be determined by a slump test of each concrete strength 

sample in accordance with AS 1012.3 and Clause 5.2 of AS 1379.  The concrete represented by 

the samples shall be deemed to comply with the nominated concrete slump if the measured slump 

is within the limits given in Table 5.1 of Clause 5.2 of AS 1379. 

 

601.14 CRACKING OF CONCRETE 
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The concrete shall have no surface cracks at any stage after construction of width greater than 0.3 

mm. Where such cracks exist, the cracked sections of concrete shall be removed and replaced or 

repaired. 
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SECTION 602 – ROAD OPENING FOR UNDERGROUND SERVICES AND 

MANAGEMENT OF UTILITIES 

 

602.01 DESCRIPTION  

This section covers the requirements for the excavation, backfilling and surface reinstatement of 

road openings, on or across road reserves associated with the installation inspection, maintenance 

or replacement of underground utility services as shown on the drawings, or as directed by the 

Engineer, or as authorised in a Road Opening Permit. 

 

602.02 SERVICES UNDER CARRIAGEWAYS 

Where pipelines or carrier conduits are placed under carriageways, the cover from the top of the 

pipe or carrier conduit to the pavement surface shall be not less than 1.2m and to the invert level of 

open drains shall be not less than 750 mm. 

The Contractor shall be responsible for obtaining approval for the location of each new service from 

the appropriate service authority, as well as obtaining approval from all other service authorities that 

have services that could be affected by the installation of the new service or by the construction of 

the road opening. 

Aerial services shall have a minimum height clearance of 5.5 m above the finished road surface 

level or the natural surface.  Poles for aerial services shall have a minimum lateral clearance of 3 m 

from the edge of carriageway in urban areas and 9 m in rural areas, except where frangible poles 

are used 

 

602.03 PROVISION FOR TRAFFIC 

Provision for traffic shall be made in accordance with the requirements of Section 101.16 

Except in an emergency or unless approved by the Engineer, no work shall be carried out on the 

road reserve outside daylight hours. 

Where traffic lanes on heavily trafficked roads must be closed to enable excavations to be made, 

such closures shall be made only between the hours of 9.00am and 3.30pm unless otherwise 

approved by the Engineer. 

Deliveries of material to the site and work on the site shall be arranged in such manner as to minimise 

interference to traffic. Materials shall not be dumped or stored on any carriageway or footpath without 

the consent of the Engineer. 

 

602.04 BORING UNDER CARRIGEWAYS  
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Approval to detailed proposals for boring under carriageways shall be obtained from the Engineer 

before commencing work. Proposals for undertaking the work shall be submitted at least two weeks 

before carrying out the work. 

Boring by water jetting will not be permitted. 

Unless otherwise specified, the annulus between the bore and the pipe or carrier-conduit shall be 

filled by pressure grouting 

 

602.05 EXCAVATION  

Where it is necessary for asphalt or concrete pavements to be cut, they shall be sawn full depth. 

Where it is necessary to excavate a trench across a carriageway, approval to detailed proposals 

shall be obtained from the Engineer before commencing work. Excavation shall be carried out in a 

safe and work manlike manner. 

Wherever practical the line of trench shall be straight and form the shortest link between terminals. 

The line and depth of trench shall be as approved by the Engineer. The width of trench shall be not 

greater than is necessary to carry out the work. Trench walls shall not slope into the Trench towards 

the top. Any trench greater the 1.2m of depth shall be supported to the satisfaction of the Engineer. 

Any drains disturbed as a result of the work shall be reinstated promptly to the satisfaction of the 

Engineer. 

Any infrastructure located within the road reserve that is disturbed as a result of the work shall be 

reported immediately to the Engineer and shall be reinstated promptly in consultation with the 

relevant infrastructure manager. 

 

602.06 MATERIALS  

Unless otherwise specified or approved by the Engineer, materials used for bedding and backfilling 

shall be uniform in composition and free from perishable matter and shall comply with the 

requirements specified in Table 602.061. 

Table 602.061  Requirements for materials used for bedding and backfilling 

 

Material 

AS Sieve Size (mm) Plasticity Index 

Percentage Passing (by Mass) 

75.0 37.5 19.0 2.36 0.075 Min. Max. 

Bedding - - 100  10 - 40 2 12 

Selected Backfill - 100  . 10 - 40 5 20 

Ordinary Backfill 100 - - 40 - 100 - - - 
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Pavement material shall comply with the requirements of Section 301 and 302 as applicable. 

Bituminous cold mix or asphalt shall comply with the requirements of Section 404. Where these 

sections are not included in this copy of the Specification they will be supplied on request.  

For the purposes of control of moisture content of the material and for determination of compaction 

procedure, material of nominal size greater than 40 mm is material which has more than 20% 

retained on that sieve. 

 

602.07 BEDDING 

Bedding shall be placed below, around and above the pipe or carrier conduit for the full width of the 

trench and unless otherwise approved by the Engineer, not less than 50 mm compacted depth of 

bedding shall be placed below, and not less than 150 mm compacted depth of bedding shall be 

placed above the pipe or carrier conduit. Building shall be placed in layers not exceeding 150 mm 

compacted thickness and shall compacted as specified in accordance with Clause 501.12 

 

602.08 BACKFILLING 

Unless otherwise specified or shown on the drawings, selected backfill and ordinary backfill material 

shall be placed and compacted as follows under, around, and above the conduit after the sections 

are bedded: 

(i) Conduits under Area to be Paved, including Shoulders and Verges 

Where the trench has been excavated from the nominated or designed subgrade level or 

above, the trench shall be backfilled up to the nominated or designed subgrade level with 

selected backfill placed and compacted in layers not exceeding 150 mm loose thickness, 

and above that level with ordinary backfill material. 

Where the trench is excavated from below the nominated or design subgrade level, the 

trench shall be filled with selected backfill material placed and compacted in layers not 

exceeding 150 mm loose thickness. 

(ii) Conduits under Area not to be Paved 

The opening shall be backfilled with common backfill placed and compacted as specified 

in layers not exceeding 200 mm loose thickness. 

(ii) Conduits through Existing Paved Areas including Shoulders and Verges 

Unless otherwise specified or shown on the drawings, the opening shall be backfilled to the 

existing subgrade level with selected backfill material placed and compacted in layers not 

exceeding 150 mm loose thickness and the pavement material placed and compacted in 

layers not exceeding 100 mm loose thickness using materials. 
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Where a sealed surface is to be reinstated, a bituminous cold mix 75 mm compacted thicknesses, 

or 40mm of size 10 or Size 14mm asphalt, shall be placed above the pavement material and shall 

be compacted flushed with the road surface to the satisfaction of the Engineer to a density of 96% 

of the modified Maximum Dry Density. Cold mix asphalt may only be used as a temporary measure. 

All cold mix asphalt shall be removed and replaced with hot mix asphalt within two weeks 

 

602.09 COMPACTION STANDARD  

Unless otherwise specified, bedding and backfilling shall have uniform moisture content within the 

range 85% to 115% of the optimum moisture content during compaction as determined in the 

standard compaction test. For backfilling of material greater than 40 mm, the fraction of material 

passing the 37.5 mm sieve shall have uniform moisture content within the range 85% to 115% of 

the optimum moisture content during compaction as determined for that fraction in the Standard 

Compaction test. 

Bedding and backfill shall be compacted to refusal using hand held mechanical equipment. 

Backfilling beneath areas to be paved shall be assessed for compaction in lots as defined in Clause 

165.06.  The number of tests per lot shall be three. Backfill, the whole of which passes the 37.5 mm 

AS sieve, shall be compacted to a mean value of density ratio of not less than 97%. The calculation 

of density ratio shall be based on Standard compactive effort. A lot shall consist of a single layer of 

work. A minimum of 30% of all lots constructed shall be tested. 

Detailed proposals for the compaction of backfill materials of nominal size greater than 40 mm shall 

be submitted to the Engineer for review before commencing work. 

For existing paved areas, unless otherwise specified, pavement material shall have during 

compaction a uniform moisture content within the range 85% to 115% of the optimum moisture 

content as determined in the Modified compactive effort. 

Pavement material shall be assessed for compaction in lots as defined in Clause 165.06.  The 

number of tests per lot shall be three.  

602.10 CLEANING OF SITE 

Surplus excavated material shall be removed from the road reserve. Areas affected by the work 

shall be restored to a condition similar to that which existed prior to the commencement of the work. 

 

602.11 MAINTENANCE 

After completion of backfilling, the reinstated surface shall be maintained in a trafficable condition in 

accordance with the provisions of the Contractors or Road Opening permit as applicable. In paved 

areas, additional pavement material may be placed in the trench and compacted as specified where 
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settlement or loss of material is expected. Regular inspections shall be made to ensure that 

settlement of the trench does not exceed 20 mm below the level of the existing seal, where after 

maintenance action shall be undertaken. 

 

602.12 INSPECTIONS  

Notwithstanding anything to the contrary herein contained, the inspection and the examination of 

materials and work by the Engineer, and any consent to proceed resulting from such inspections 

and examinations shall not be taken as preventing the Engineer from making a further inspection 

and examination of the materials and work and subsequently rejecting the materials and work if 

shown by such further inspection and examination to be in non-compliance with the Specification. 

 

602.13 JOINTS 

 Footpaths and Surfacing 

Expansion Joints 

Expansion joints shall be placed at intervals not exceeding 10 m, on either side of vehicle 

crossings, and at junctions with existing footpaths and bridges. The expansion joint shall 

be 15 mm wide and filled with cork or bituminous impregnated particle board strip 

extending for the full width and full depth of the paving. The filler shall be placed in position 

before concrete is placed, and shall be held firmly in position during the placing of the 

concrete. 

Dummy Joints 

Unless otherwise specified, dummy joints at least 20 mm deep and 5 mm wide shall be 

formed with a cutting tool at 2.5 m intervals. 

 Between Edgings and Footpaths and Surfacing  

Except on narrow medians (less than 2.0 m wide) surfaced full width, bonding between 

the surfacing and the edging with bitumen, or by using a strip of bituminous felt material 

between the edging and the surfacing. 

 

602.14 MARKING OF CONDUIT POSITIONS 

The positions of any existing conduits passing under edgings shall be marked by a chase in the 

edging immediately above the conduit together with a suitable identification mark designated by the 

Engineer or as specified. 

 

602.15 BACKFILLING AND PAVEMENT RESTORATION 
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Unless otherwise specified, as soon as the concrete has cured sufficiently, topsoil material, free 

from perishable matter, lumps or balls of clay or other deleterious matter, shall be placed and firmly 

compacted behind the edging to the level of the top of the edging and to a width not less than 300 

mm. 

Where edging has been constructed alongside an existing pavement part of which has been 

excavated to permit the construction of the edging and unless otherwise specified or shown on the 

drawings, the excavated space shall be used for this work. 
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SECTION 603 – CAST-IN-PLACE CONCRETE EDGINGS, PATHS AND OTHER SURFACINGS 

 

603.01 DESCRIPTION 

This section covers the requirements for the construction of cast-in-place concrete edgings (i.e. 

kerbs, channels, edge strips, and vehicle and perambulator crossings), footpaths, and median and 

other surfacing, together with the necessary excavation and backfilling. 

The use of a precast kerb and cast-in-place channel, in lieu of a fully cast kerb and channel, will be 

permitted provided that the kerb is supplied in accordance with Section 604. The tolerance specified 

in this section for cast-in-place kerb and channel will apply to the use of precast kerb and cast-in-

place channel. 

Kerb and channel and other edgings shall comply with the requirements of AS 2876 Concrete kerbs 

and channels (gutters) Manually or machine placed. 

 

603.02 THICKNESS AND STEEL MESH REQUIREMENTS 

The following thickness and steel mesh requirements shall apply: 

(i) Concrete paving including footpaths, edgings and other surfacings shall be 125 mm thick, 

and when steel reinforcement is specified, they shall be reinforced with SL72 steel mesh. 

(ii) Median surfacings within 2 m of the edges of medians and bays of footpath adjacent to 

intersecting kerb and channel shall be 150 mm thick and reinforced with SL72 steel mesh. 

(iii) Private entrance vehicle crossings shall be 150 mm thick and when steel reinforcement is 

specified, they shall be reinforced with SL72 steel mesh. 

(iv) Commercial vehicle crossings shall be 170 mm thick, and when steel reinforcement is 

specified, they shall be reinforced with SL82 steel mesh. 

 

603.03 MATERIALS 

(a) Concrete 

Concrete shall comply with the requirements of Section 601 and AS 1379 Specification 

and supply of concrete. 

(b) Steel Reinforcement 

Steel reinforcement shall comply with the relevant requirements of AS/NZS 4671 Steel 

reinforcing materials. 

The minimum cover of any steel reinforcement to the nearest concrete surface shall be 
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50 mm unless shown on the drawings. 

Reinforcement shall be supported using either concrete or plastic chairs.  Wire chairs with 

or without plastic tips, bricks or pieces of timber or coarse aggregate shall not be used to 

support steel reinforcement. 

(c) Aggregates 

Concrete aggregates shall comply with the requirements as set out in Section 601. 

 

603.04 SETTING OUT 

The Contractor shall set out the work in accordance with the drawings and as specified. 

The Engineer will review and confirm the set out. The work shall be constructed in accordance with 

the confirmed set out to the line and level specified by the Engineer. 

603.05 PROVISION FOR DRAINAGE DURING CONSTRUCTION 

Before obstructing any waterway, channel or culvert, the contractor shall make appropriate provision 

for its temporary diversion. The Contractor shall make provision for the safe discharge of drainage 

and storm water at all times during the construction of the works. 

 

603.06 HOUSEHOLD DRAINAGE CONNECTIONS 

Unless otherwise specified, existing household drains which are not connected to underground 

storm water drains shall be altered as necessary and connected through the kerbing to drain into 

the channel. Provision shall be made for connection of future household drains as specified or shown 

on the drawings or as directed by the Engineer. 

 

603.07 EXCAVATION  

The contractor shall carry out any necessary to excavations and disposal of excavated material off 

site. 

The Contractor shall box out to a sufficient depth to allow for the required compacted thickness of 

bedding material under the full width of concrete paving. 

Where it is necessary to excavate existing pavement in order to construct the section, the excavation 

shall not extend more than 150 mm from the edge of the adjacent section face. Existing asphalt or 

bituminous surfacing shall be saw cut for a sufficient depth to produce a neat vertical face. 

 

603.08 BEDDING PREPARATION 
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Bedding of crushed rock, gravel or concrete, or other specified material shall be provided by the 

contractors as follows: 

 Edgings – Where edgings are constructed over pavement layers, bedding shall be provided 

between the pavement layer and the underside of the edging, or the edging thickened to 

match the pavement layer. Where edgings are not constructed over pavement layers, 

bedding shall be not less than 75 mm compacted thickness. 

 Foot paths and Surfacing – Unless otherwise specified or shown on the drawings not less 

than 50 mm compacted thickness. 

Bedding shall be trimmed to the appropriate levels, moistened as necessary, and firmly compacted. 

For footpaths and surfacing the foundation shall be brought true to grade and cross section as shown 

on the drawings by filling and excavating as necessary. All soft wet or unstable material shall be 

removed to a depth of not less than 100 mm below the design level of the underside of the bedding 

and the resulting space filled with bedding material moistened and compacted to form a stable 

foundation. Immediately before concrete is placed, the bedding shall be trimmed to the appropriate 

levels, moistened but shall have no free water on the surface. 

All bedding material used for cast in place concrete paving works shall be compacted size 20 mm 

crushed rock. 

 

603.09 PROVISION FOR PERMANENT SIGNS 

Unless otherwise specified sign post sleeves shall be supplied and placed by the Contractor to 

provide for erection of permanent signs in the areas to be paved. Sleeves shall be placed at the 

locations shown on the drawings or where directed by the Engineer. 

Unless otherwise specified or shown on the drawings, sign post sleeves shall be 100mm nominal 

diameter 500mm long, plugged at one end. They shall be placed vertically in the ground, with the 

plugged end at the bottom, and with the top of the sleeve 15-20 mm above the finished level of the 

footpath or surfacing and shall be installed before concreting is commenced. Any concrete which 

falls into the sleeve shall be removed. 

 

603.10 MACHINE EXTRUSION 

Where an extrusion or slip form machine is used the datum for grade and alignment of the section 

to be extruded shall be established by the Contractor. 

Concrete shall be fed to the machine at a uniform rate. The machine shall be so operated as to 

produce a satisfactory compacted mass off concrete. Surfaces shall be substantially free from 

surface pitting larger than 5 mm diameter. 
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Where work using fixed forms is combined with extruded work and similar concrete mixes are used 

for both, the concrete in the fixed form sections shall be compacted with internal vibration to produce 

a satisfactory compacted mass of concrete. 

 

603.11 PROFILE TRANSITIONS 

Where it is necessary to join to an existing section of profile different from that being constructed, 

the charge of profile, unless otherwise specified shall be made at a constant rate between 10 and 

20 mm per meter. Transitions between different profiles being constructed under the Contract shall 

be made in accordance with drawings. 

Matching of new to existing concrete paving shall be such that it appears identical to the existing 

section.  When replacing damaged sections of concrete paving or footpaths, the damaged section 

shall be removed completely to the nearest construction joint and replaced with identical material to 

the existing. 

 

603.12 FORMWORK 

The materials, design, construction and stripping of formwork shall comply with the relevant 

requirements of AS 3610.  Joints in formwork shall be constructed such that loss of mortar is 

prevented. 

Prior to placing concrete in an earth excavation, formwork shall be erected so that fresh concrete is 

not placed directly against the sides of the excavation. 

Formwork shall not be stripped until the minimum times specified in AS 3610 Formwork for concrete 

Table 5.4.1 have elapsed from the time of completion of the placing of concrete.  The minimum time 

shall also not be less than: 

• 2 days for vertical formwork on external surfaces; and 

• 1 day for vertical forms on permanently hidden surfaces\ 

 

603.13 SUPPLY OF PREMIXED CONCRETE 

(a) Portland Cement-based Concrete 

Portland cement–based concrete shall be either N20, N25 or N32 standard strength 

grade, as specified for concrete paving complying with the requirements of AS 1379 

Specification and supply of concrete. 

(b) Kerb and Channel 

Concrete used in kerb extrusion machines will not be subject to compressive strength 
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requirements but shall have a minimum cementitious material content in the finished 

concrete as follows: 

 Arterial Roads, Collector Roads M1, M2, S,– a minimum of, or equivalent to, 320 

kg of cementitious material  

 Local Streets, C, R – a minimum of, or equivalent to, 280 kg of cementitious 

material 

Where kerb and channel is placed and compacted with internal vibration between 

previously placed formwork, concrete shall be: 

 Arterial Roads, Collector Roads M1, M2, S – N32 portland cement–based 

concrete complying with the requirements of AS 1379 Specification and supply 

of concrete.  

 Local Streets, C, R – N25 portland cement–based concrete complying with the 

requirements of AS 1379 Specification and supply of concrete. 

As defined in the FRA Austroads Design Guide Supplement Parts 1 to 8 

 

603.14 PLACING, COMPACTING AND SURFACE FINISH 

Concrete shall be transported, handled and placed to prevent segregation, loss or leakage of 

materials.  Fresh concrete shall not be placed against concrete which has taken its initial set, except 

at properly formed construction joints.  Concrete shall be thoroughly compacted by means of 

continuous tamping and internal vibration and shall be worked around any embedments and into 

corners of formwork or excavations to produce a dense concrete free from voids, honeycombing, 

segregation or surface defects. 

Unformed surfaces shall be hand tamped to ensure a smooth surface with a uniform colour and 

appearance, and screeded to achieve the specified level, dimensions, falls and tolerances. 

Exposed surface shall be treated as follows: 

(a) Edgings 

All edgings shall be rendered and have a steel trowel finish. Rendering shall be applied 

within 30 minutes of placing or extruding concrete in the forms. The mortar used shall 

consist of two parts of fine aggregate, one part of cement, and sufficient water to produce 

a mix of suitable consistency. The thickness of rendering shall not exceed 3 mm. Exposed 

surfaces shall be given a steel trowel finish and have a smooth surface with a uniform 

colour and appearance 

(b) Footpaths and Surfacing 
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Fresh concrete shall be compacted with internal vibration and worked until all the coarse 

aggregate is below the surface and the mortar comes to the top. It shall then be struck off 

and finished to grade and cross section with a wooden float to produce a lightly textured 

non skid surface. All outside edges of slabs and all joints shall be finished with a suitable 

tool. 

After finishing, the whole of the work shall present a consistently neat appearance of 

uniform colour. All arises shall be sharp and clean, no ragged edges shall be left, and 

bullnoses shall be regular and of uniform radius. All discoloured concrete shall be cleaned 

or replaced by the Contractor at his cost. 

Permanently hidden concrete surfaces of concrete paving including footpaths, edgings, 

other concrete surfacing, and shared use paths shall have a Class 4 surface finish in 

accordance with AS 3610. 

All other concrete elements constructed with reference to Section 603 shall have a Class 

3 surface finish for external surfaces and a Class 4 surface finish for permanently hidden 

surfaces in accordance with AS 3610 Formwork for concrete. 

 

 

603.15 CURING OF CONCRETE 

The curing of exposed concrete surfaces shall commence immediately after finishing operations are 

progressively completed and shall continue uninterrupted for a period of not less than 7 days after 

placing the concrete, with the exception of concrete edgings which shall be cured for a period of not 

less than 3 days after placing the concrete. 

Concrete shall be cured either by water curing, wet hessian, polyethylene sheeting which is 

adequately sealed, curing compound or a combination of these.  Freshly finished exposed concrete 

surfaces shall be effectively protected from rain or damage from other sources, until hard set has 

occurred. 

Curing compounds shall comply with AS 3799 Liquid membrane forming curing compounds for 

concrete.  The curing compound shall be applied in two coats using a fine spray at the rate stated 

on the certificate of compliance.  The curing membrane shall be maintained intact for not less than 

the specified period of curing.  Any damage to the curing membrane during the period of curing shall 

be repaired immediately at the original rate of application. 

At the end of the curing period, concrete paving shall provide a dense, hard wearing surface. 

 

603.16 JOINTS  
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Unless otherwise specified, transverse joints shall be constructed at right angles to both the back of 

edgings and the edge of surfacing. Joints in surfacing shall be opposite joints in adjacent edgings 

(a) Edging 

i) Transverse Joints 

Transverse joints shall be constructed at regular intervals not exceeding 2.5 m. For 

extruded edgings this shall be done by a method which does not damage or distort 

the adjacent surfaces. For edging constructed using fixed forms, templates shall be 

removed as soon as practicable after finishing the work. The guillotine (for extruded 

work) or template (for fixed form work) shall cut between 40% and 70% of the area of 

the section. In both cases the resultant slot in the edging shall be tooled to a depth of 

20 mm to produce a neat groove not less than 5 mm wide on the exposed surfaces, 

following which a vertical cut shall be made through the base of the groove to a depth 

not less than 50 mm from the surface of the section. 

ii) Expansion Joints  

Expansion Joints shall be placed at junctions with bridges shall be 15 mm wide and 

filled with cork or bituminous impregnated particle board strip extending for the full 

width and full depth of the   edging. The filler shall be placed in position before 

concrete is placed, and shall be held firmly in position during the placing of the 

concrete. 

(b) Footpaths and other Surfacings 

i) Expansion Joints 

Expansion joints shall be placed at intervals not exceeding 10 m, on either side of 

vehicle crossings, at junctions with existing footpaths and shared use paths, at 

junctions with bridges and around all abutting structures such as pits, utility 

services, power poles, kerbs and other such features.  The expansion joint shall 

be 15 mm wide and filled with cork or bituminous impregnated particle board strip 

extending for the full width and full depth of the paving.  The filler shall be placed 

in position before concrete is placed, and shall be held firmly in position during the 

placing of the concrete. 

Where required dowelled expansion joints shall be installed in accordance with the 

details and locations as shown on the drawings. 

ii) Control Joints 

Control joints at least 25% of the paving thickness deep and 5 mm wide shall be 
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formed with a cutting tool at 2.5 m intervals along the full width of footpaths and  

other surfacings within four hours of placing the concrete where the air 

temperature measured at the time of placement is between 20°C and 35°C and 

within 24 hours of placing the concrete where the air temperature measured at the 

time of placement is less than 20°C. 

 

603.17 TOLERANCES ON LINE, LEVEL, AND SHAPE 

All surfaces shall be finished in conformity with the lines, grades, thicknesses and cross sections 

shown on the drawings or as specified, within the following limits: 

 Footpaths and surfacing shall be shaped to match existing fixtures, e.g. pit covers, edgings 

and driveways, within 5 mm. 

 The departure of the finished work from line or level shall not exceed to 10 mm at any point, 

and the rate of change of deviation from line or level shall not exceed 10 mm in 10 m. 

Except on curves or in shape areas, the deviation of the finished work from a 3 m 

straightedge shall not exceed 5 mm at any point. 

 Kerb and channel shall be constructed to the level of the adjoining pavement with a 

tolerance of 0 to +10 mm.   

 Section dimensions shall not differ from those shown on the drawings by more than 5 mm 

except that overall width shall not exceed the specified width by more than 15 mm; and on 

dimensions less than 25 mm the tolerance shall be  3 mm. 

 Where median surfacing is to be constructed between edge sections of substantially the 

same level, the paving shall be crowned to produce a cross fall towards the edges not 

exceeding 3% nor less than 1 %. 

 

 

603.18 PROTECTION OF CONCRETE 

All concrete shall be protected from damage from early loading by pedestrians, animals, vehicles 

and from rain or any other cause. 

The Contractor shall ensure that no vehicles are permitted to cross over private entrance or 

commercial vehicle crossings a minimum of four days after completion of casting of the concrete.  

Vehicles equal to or less than 1.5 tonnes in weight may be permitted to cross after 4 days, vehicles 

greater than 1.5 tonnes may be permitted to cross after 7 days. 

 

603.19 MARKING OF CONDUIT POSITIONS 
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The positions of any existing conduits passing under edgings shall be marked by a chase in the 

edging immediately above the conduit together with a suitable identification mark designated by the 

Engineer or as specified. 

 

603.20 BACKFILLING AND PAVEMENT RESTORATION 

Unless otherwise specified, as soon as the concrete has cured sufficiently and not earlier than 3 

days after placing, topsoil material, free from perishable matter, lumps or balls of clay or other 

deleterious matter, shall be placed and firmly compacted in layers not exceeding 150 mm in 

thickness behind the edging to the level of the top of the edging and to a width not less than 300mm. 

Where edging has been constructed alongside an existing pavement, part of which has been 

excavated to permit the construction of the edging, the excavated space shall be backfilled to the 

surface level of the existing pavement.  Size 7 or Size 10 asphalt shall be used for this work and 

firmly compacted in layers not exceeding 100 mm in thickness. 

 

603.21 CONFORMANCE TESTING FOR CONCRETE STRENGTH AND CONSISTENCY 

The minimum compressive strength requirements for each strength grade shall be as shown in 

Table 603.211. 

Table 603.211 Concrete Strength Requirements 

Portland Cement Concrete 

Strength Grade 

Minimum Compressive Strength at 28 

days (MPa) 

N20 20 

N25 25 

N32 32 

Sampling and testing of the strength of concrete shall be carried out in accordance with Clause 6.2 

of AS 1379.  The frequency of sampling and testing shall provide at least one sample at the point of 

discharge to be tested of each 50 m3 or part thereof of each strength grade placed on any one day.  

Where less than 50 m³ is provided for any one day then one sample shall be tested of each strength 

grade. 

The consistency of the concrete shall be determined by a slump test of each concrete strength 

sample in accordance with AS 1012.3 and Clause 5.2 of AS 1379.  The concrete represented by 

the samples shall be deemed to comply with the nominated concrete slump if the measured slump 

is within the limits given in Table 5.1 of Clause 5.2 of AS 1379. 
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Compressive strength testing and slump testing shall not be required for concrete used in extruded 

kerbs and channels and other edgings. 

 

603.22 CRACKING OF CONCRETE 

The concrete shall have no surface cracks at any stage after construction of width greater than 0.3 

mm. Where such cracks exist, they shall be identified as a non-conformance. 

Cracked sections of concrete shall be either removed and replaced, or repaired as approved by the 

Engineer. 

For damaged kerb and channel and edgings, a length of at least 1 m shall be removed and the 

replacement section shall be: 

(i) constructed on compacted bedding; 

(ii) dowelled into the adjoining sections with 12 mm diameter hot dip galvanised dowels 

embedded at least 100 mm each side of the joint; and 

(iii) shaped and finished with curved trowels to match the profile and surface finish of adjoining 

sections. 
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SECTION 604 – PRECAST CONCRETE KERB 

 

604.01 DESCRIPTION 

This section covers the requirements for the supply and placing of precast concrete kerb as shown 

on the drawings or at locations as specified. 

 

604.02 SUPPLY OF KERBS 

All kerbs required under this Contract shall be supplied by the Contractor and shall conform to the 

profiles shown on the drawings. Precast kerbs shall be constructed from concrete complying with 

the requirements of Section 601. The surface of all sections shall be consistently smooth and of 

uniform colour. 

Unless otherwise specified or shown on the drawings, concrete shall be N20 standard strength 

grade complying with the requirements of Section 601.  

Kerbs shall be cast in sufficient lengths to ensure a smooth alignment of the kerb, and in order to 

ensure that all sections butt together neatly, holes for placing dowels or interlocking joints shall be 

provided in each section. 

Any section damaged during handling, storing and transporting shall not be used. 

The surface of all sections shall be consistently smooth and of uniform colour. 

 

604.03 PLACING OF PRECAST KERBS 

(a) Preparation of Base  

Where the kerb is not being placed on a compacted pavement layer, the foundation for 

the kerb shall be excavated or filled to a level 75 mm below the underside of the kerb. All 

soft, wet or unstable material shall be removed to at least 150mm below the underside of 

bedding level and backfilled with selected filling, sand or gravel of a quality that when 

moistened and compacted will form a stable foundation. Bedding material consisting of 

sand, gravel or crushed rock shall then be placed and fully compacted to the specified 

level. 

b) Placing 

The kerb shall be set so that the top conforms to the line and grade specified within a 

tolerance of = 10 mm. All sections shall be firmly butted together. 

 

604.04 PLACING OF PRECAST SPIKPED KERBS 
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Where precast kerbs are to be pinned to existing pavements, they shall be placed true to line with 

adjoining sections firmly butted together. Where necessary, the sections shall be added on 6 to 1 

cement mortar in order to maintain an even grade along the top of the kerb. 

The kerb section shall be held in position by 12 mm diameter steel spikes 300 mm long driven into 

the pavement so that the tops are at least 10 mm below the tops of the kerbs. The holes in the tops 

of the kerbs shall then be filled level with the top with 3 to 1 cement mortar. 

 

604.05 BACKFILLING 

Backfilling behind the kerb shall be Type A material having a maximum size of 40 mm The fill shall 

be thoroughly compacted behind and up to the level of the top of the kerb.. 
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SECTION 605 – BLOCK PAVING 

605.01 DESCRIPTION 

This section covers the requirement for paving driveways, parking areas, medians, verges, footpaths 

and traffic islands using manufactured paving blocks. 

605.02 MATERIALS 

Unless otherwise specified, the contractor shall supply all materials necessary to construct the 

paving including paving blocks, bedding crushed rock or gravel, bedding sand, jointing sand, and 

concrete or timber edging. Paving blocks shall meet the requirements specified in Clause 605.13 

and have a crushing strength of 45 MPa. 

Bedding and jointing sand shall consist of clean, hard, durable, naturally occurring grains free from 

clay, dust, soft or flaky particles, shale, salt, alkali, organic matter, soil or other deleterious 

substances. 

Bedding and jointing sand shall be maintained at uniform moisture content. 

Bedding sand shall comply with the grading requirements shown in Table 605.021. 

Table 605.021 Requirements for bedding sand used in block paving 

AS 

Sieve 

9.50 

mm 

4.75 

mm 

2.36 

mm 

1.18 

mm 

0.600 

mm 

0.300 

mm 

0.150 

mm 

0.075 

mm 

% 

Passing 

 

100 

 

95-100 

 

80-100 

 

50-85 

 

25-60 

 

10-30 

 

5-15 

 

0-10 

Jointing sand shall be dry, free flowing and shall all pass the 1.18 mm sieve with 10-20% passing 

the 0.075 mm sieve. Bedding sand shall not be used for joint filling. 

 

605.03 CONFORMITY WITH DRAWINGS 

All surfaces shall be finished in conformity with the lines, grades, thicknesses and cross sections 

shown on the drawings or specified within the following limits: 

(i) Paving shall be shaped to match the level of existing fixtures, (e.g. pit covers, edgings 

and driveways) to within 5 mm.  Elsewhere the deviation of the finished work from line or 

level shall net exceed 20 mm at any point, and the rate of change of deviation from line 

or level shall not exceed 20 mm in 10 m or 2 mm between adjacent blocks.  Except on 

curves or in shaped areas, the deviation of the finished work from a 3 m straightedge shall 

not exceed 15mm at any point. 

(ii) Unless otherwise specified all paving shall be shaped to shed surface water from the 

entire paved area in the direction of natural slope or towards constructed surface drains.  
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The slope at any point on the paving except on a ridge shall be not less than 1%. 

(iii) Where median or other surfacing is to be constructed between edge sections of 

substantially the same level, the paving shall be crowned to produce a crossfall towards 

the edges not exceeding 3% and not less than 1%. 

 

 

605.04 SETTING OUT 

The work shall be set out by the Contractor in accordance with the drawings. 

 

605.05 PROVISION FOR TRAFFIC 

The Contractor shall make provisions for traffic in accordance with Section 101 as provided for in 

this specification. Deliveries of material to the site shall be made in such a manner as to minimise 

interference to traffic and material shall not be placed on any carriageway or footpath. 

If a traffic lane closure is required, the Contractor shall submit details of the proposed signing to the 

Engineer for review. 

 

605.06 TEMPORARY WORKS AND PROTECTION OF PROPERTY 

Before obstructing any waterway, channel, culvert, or pipe, the Contractor shall make provision for 

temporary diversion and submit the proposal to the Engineer for review. The Contractor shall make 

provision for the safe discharge of drainage and storm water at all times during the construction of 

the Works. The Contractor shall take every precaution necessary to protect property, including 

fences, buildings, poles, hedges, shrubs, gardens, and the like on or adjacent to the Works. 

 

605.07 TRIMMING AND BEDDING 

The areas on which block paving is to be placed shall be trimmed by the Contractor to an even and 

stable surface to allow a layer of bedding material not less than the minimum specified thickness to 

be placed. 

Lower bedding shall consist of graded crushed rock or natural gravel, watered as necessary and 

compacted to form a hard, dense surface. 

Upper bedding shall consist of bedding sand complying with the requirements of Clause 605.02 

placed in accordance with the following requirements: 

(i) Sand shall be spread loose in a uniform layer of 20 mm nominal thickness and shall be 

screened in a loose condition to achieve a layer of uniform thickness, to the specified 
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design level, following compaction of the paving. 

(ii) The spread sand shall be carefully maintained in a loose condition and protected against 

precompaction both prior to and following screeding.  Sand shall be lightly screened in a 

loose condition to the predetermined depth just ahead of the laying of the paving units.  

Under no circumstances shall the sand be screened in advance of the laying face to an 

extent to which paving will not be completed on that day. 

 

605.08 EDGE TREATMENT 

Where it is specified that paving shall match concrete edgings any protrusions on the line of the 

edging shall be removed to allow paving blocks to be placed abutting a straight edge. Chamfered 

blocks shall be placed adjacent to all concrete edgings with the lower edge of the chamfer set at the 

level of the top of the edging. 

Following installation of the edge strip the ground surface not to be paved adjacent to the strip, shall 

be reinstated or filled with soil to match the finished level of the edge strip.  Part width paving blocks 

at the edge of the paved area with or without concrete edgings, shall be saw-cut along the line of 

the edge. 

 

605.09 PROVISION FOR PERMANENT SIGNS 

Where shown on the drawings or specified, sign post sleeves shall be placed by the Contractor to 

provide for erection of permanent signs in the areas to be paved. Sign post sleeves will be not 

greater than 500 mm long and they shall be placed vertically with the top of the sleeve 5-15 mm 

below the finished level of the paving and shall be installed before paving is commenced.  Any sand 

or debris which falls into the sleeve shall be removed. 

 

605.10 LAYING PAVING BLOCKS 

Unless otherwise specified, paving shall be laid in a stretcher bond pattern commencing at the 

longest straight edge with the long sides of the pavers parallel to that edge. Paving blocks shall be 

placed with gaps nominally 2 to 4 mm wide between adjacent blocks such that all joints are correctly 

aligned. 

In each row, all whole blocks hall be laid first. Closure blocks shall be cut and fitted subsequently. 

Such closure blocks shall consist of not less than 25% of a whole block.  Spaces less than 25% of 

a full block shall be filled with a mortar consisting of four parts sand and one part cement and 

coloured to match the colour of the paving blocks. 

Except where it is necessary to correct any minor variations occurring in the laying pattern the paving 

blocks shall not be hammered into position.  Where adjustment of position is necessary care shall 
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be taken to avoid premature compaction of the sand bedding. Any foot or barrow traffic shall use 

boards overlying and raised above the paving to prevent disturbance of blocks prior to compaction.  

No other construction traffic shall be allowed on the paving at this stage of construction 

 

605.11 COMPACTION AND JOINT FILLING 

As soon as practicable after laying the paving blocks, the paving joints shall be filled with joint filling 

sand and the paving shall be compacted.  Joint filling sand shall be spread over the paving and 

broomed into the joints and not less than two passes of a plate compactor shall be used with 

compaction and brooming continuing until lipping has been eliminated between blocks and the joints 

completely filled with sand.  Any blocks that are cracked or broken during compaction shall be 

immediately removed and replaced.  All paving shall be fully compacted on the day of laying, 

provided that compaction shall not proceed closer than 1 m from any face where paving will be 

continued. 

 

605.12 CLEAN UP 

At the completion of work all unused materials and trimmed material shall be removed from the site 

and the paving shall be swept clean. 

 

605.13 SCHEDULE OF DETAILS 

(i) Type/shape of block    

(ii) Colour of block     

(iii) Size of block     

(iv) Thickness of block    

(v) Thickness of bedding   

(vi) Upper bedding   

(vii) Lower bedding   
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SECTION 606 – BEACHING (ROCK LINING) 

606.01 DESCRIPTION 

This section covers the requirements for the supply and placing of rock, stone or manufactured block 

beaching (rock lining) for the protection of batter slopes, drainage channels and culvert endwalls as 

shown on the drawings. Three types of beaching are covered by this section: 

 Type 1: Riprap 

 Type 2: Grouted rock beaching 

 Type 3: Butted paving block beaching 

 

606.02 CONFORMITY WITH DRAWINGS 

The finished surface of the beaching shall conform to the levels, lines and grades as shown on the 

drawings as specified. Perimeter and toe walls shall be constructed where shown on the drawings. 

 

606.03 MATERIALS 

Unless otherwise specified, the Contractor shall supply all materials necessary to construct the 

beaching as specified, including rock or paving blocks, bedding materials, filter materials, geotextile, 

concrete, mortar, reinforcement and drainage pipes. 

Prior to the commencement of work, the Contractor shall nominate the source of the proposed 

materials, supply specified test results and provide a representative sample for approval by the 

Engineer. 

Materials used for rock beaching shall be resistant to weathering action of air, wind and water and 

shall be free from staining, laminations, cracks and other structural defects which may reduce its 

mechanical strength. 

All rock materials used for beaching shall comply with the material requirements for ‘sound’ rock as 

specified in Section 301 and the Los Angeles Value (LAV) subbase requirements of Table 301.032. 

The rock shall have a minimum apparent particle density of 2.5 t/m3 when tested in accordance with 

the requirements of the current Australian Standard - Method for sampling and testing of aggregates-

Particle density and water absorption of coarse aggregate-Weighing-in-water method.  In addition, 

the rock beaching shall have a minimum wet strength of 100 kN and a wet/dry strength variation not 

exceeding 45% when tested in accordance with the requirements of the current Australian Standard 

– Methods for Sampling and Testing Aggregates-Wet/Dry Strength Variation. 

(a) Beaching Material 
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(i) Type 1 Beaching - Riprap 

Rock for Type 1 beaching shall consist of sound, dense field or quarry rock. 

Sedimentary rock shall not be used. The required size of stone will be determined 

by the ‘critical masses specified. At least 50% of the material comprising the 

riprap shall consist of stones having a mass heavier than the critical mass and 

not more than 10% by mass of the material shall not consist of stone having a 

mass than 20% of the critical mass. No rock shall be more than 2 times greater 

than the critical mass. 

(ii) Type 2 Beaching - Grouted rock beaching 

Rock for Type 2 beaching shall conform to the same general requirements as for 

Type 1 beaching except that the rocks shall be of such size that the layers of 

beaching shall be at least 150mm thick and of mass between 10 kg and 40 kg 

with at least 60% by number having a mass of over 25 kg. The rocks shall be 

reasonably uniform in colour. Width of joints may vary between 10 mm and 60 

mm, with an average not exceeding 40 mm. Level difference between edges of 

adjacent rocks shall not exceed 40 mm. The joint pattern shall be random and 

the joints kept free from debris before grouting. 

(iii) Type 3 Beaching Butted paving block beaching 

Paving blocks (masonry units) shall be of a type, face size, thickness and colour 

as specified. All masonry units used for Type 3 beaching shall be solid units and 

shall comply with the requirements for masonry units in AS/NZS 4455.1. Masonry 

units shall be sampled to AS/NZS 4456.1 and tested in accordance with AS/NZS 

4456.4, and shall have a minimum unconfined compressive strength for masonry 

units in AS/NZS 4455.1. The blocks shall be placed on the specified bedding 

sand and laid in accordance with the manufacturer’s recommendation. Edge 

blocks shall be neatly cut to establish straight edges. Dry sand shall be broomed 

into joints on completion and lightly watered. The sand used in this mixture shall 

all pass a 1.18mm AS sieve and 10 - 20% shall pass a 0.075mm AS sieve. 

(b) Bedding 

 Type 1 beaching shall not require a granular bedding. However a needle-

punched non- woven, “very robust (G=2000-3000)” geotextile (mass >250 g/m2), 

shall be laid over the trimmed surface where beaching is to be placed. 

Geotextiles used shall comply with and be placed in accordance with Section 

608. The geotextile shall be buried to a depth of 300 mm at the edges of beaching 

and placed under and around the excavation for the toe wall and for any other 
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perimeter walls provided. The geotextile shall be laid evenly with no kinks or 

folds, and joints shall be formed by overlapping the geotextile by not less than 

300 mm and not more than 500 mm. 

 Type 2 beaching shall not require bedding unless otherwise specified or shown 

on the drawings. 

 Bedding for Type 3 beaching shall consist of a 50mm minimum layer of bedding 

sand or stabilised sand with a slow setting binder. 

 

606.04 PREPARATION OF UNDERLYING SURFACE 

Areas on which beaching is to be placed shall be compacted and trimmed as required to provide a 

finished surface level of beaching in accordance with the drawings. Any scours or hollows in the 

surface shall be filled with compacted crushed rock. 

Trimmed material shall be removed from the site. 

 

606.05 BEACHING PLACEMENT 

(a) General 

Beaching materials shall be firmly bedded on the prepared embankment and/or bedding 

if required and laid in courses commencing from the bottom of any slope. 

Un-grouted beaching when placed shall form a tight ‘interlocking grid’, which shall prevent 

the removal of individual rocks. 

The general surface of the finished beaching shall not vary from a 3 metre straight edge 

laid across the surface of the beaching by more than: 

 100 mm for Type 1 Beaching 

 75 mm for Type 2 Beaching 

 20 mm for Type 3 Beaching 

Finished surface levels of rock beaching placed in open drains shall be flush with adjacent 

soil levels.  Rock beaching shall not protrude more than 50 mm above the surrounding 

ground levels. 

(b) Type 1 Beaching 

 Gaps between rocks shall be as narrow as practicable and not exceed 60 mm on 

average. Voids shall be filled to at least mid-height of the rocks with topsoil. 

The level of the topsoil shall be increased where planting is required within Type 1 rock 
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beaching.  The topsoil depth shall be increased to finish flush with the general rock surface 

and adjacent ground level. 

(c) Type 2 Beaching 

 Width of joints may vary between 10 mm and 60 mm, with an average not exceeding 

40 mm. Level difference between edges of adjacent rocks shall not exceed 40 mm. The 

joint pattern shall be random and the joints kept free from debris before grouting. 

(d) Type 3 Beaching 

The blocks shall be placed on the specified bedding sand and laid in accordance with the 

manufacturer's recommendation. Edge blocks shall be neatly cut to establish straight 

edges. Dry sand shall be broomed into the joints on completion and lightly watered. The 

sand used in this mixture shall all pass a 1.18 mm AS sieve and 10 - 20% shall pass a 

0.075 mm AS sieve. 

 

606.06 GROUTING 

Grouting with mortar shall be kept moist for 3 days after grouting. Joint mortar shall consist of once 

part Portland cement, three parts sand by volume, thoroughly mixed with water to produce grout of 

suitable consistency. Propriety cementitious mortars with equivalent performance may be used if 

approved by the Engineer. 

Grouted rock beaching (Type 2) shall be initially placed on a bed of mortar which infiltrates joints 

and final grouting shall ensure that mortar is firmly tamped into joints to fill the joints to 20 mm below 

the general top of beaching level. 

The joints shall neatly be finished by filling with mortar. Care shall be taken to keep the exposed 

rock face clean. Brooming of mortar across the face of the rocks will not be permitted. 

 

606.07 PERIMETER AND TOE WALLS 

Perimeter and toe walls shall be constructed where shown on the drawings. 

For Type 1 Beaching, toe walls 600 mm wide by 600 mm deep shall be constructed.  They shall be 

lined with geotextile fabric and filled with hand packed rock, the larger voids between rocks being 

filled with smaller stones.  Where Type 1 beaching is used in streams, similar walls 600 mm wide 

by 600 mm deep shall also be constructed across the upstream end of the beaching. 

For Types 2, 3 Beaching, concrete perimeter walls shall be constructed around exposed edges of 

the beaching. Concrete is to be provide in accordance with Section 804. 

Toe walls shall be 300 mm wide by 400 mm deep at the front face and reinforced with L8TM trench 
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mesh top and bottom.  The upper surface of the toe wall shall slope upwards at either the slope of 

the rock beaching or the adjacent verge as shown on the drawings.  Side walls and other perimeter 

walls shall be 150 mm wide by 250 mm deep.  The top of the walls shall be continuous with the 

beaching. 

Perimeter and toe edge rocks may require a granular bedding and an underlying geotextile filter 

layer, if warranted by the site and hydraulic conditions. All rocks shall be carefully placed into 

position, rather than dumped directly, so as to avoid segregation of the rock sizes. 

 

606.08 DRAINAGE 

Where specified, or shown on the drawings, a 100 mm diameter PVC pipe shall be laid down the 

batter in a trench beneath the bedding to discharge immediately above the top of toe wall. The pipe 

shall be securely bedded within the backfilled compacted crush rock or natural gravel trench. 

Weepholes consisting of 75 mm diameter PVC pipes shall be placed through the beaching at 2 m 

centers immediately above the top of the concrete toe wall and cut off flush with the face of beaching.  

Weepholes and other drainage lines shall not directly discharge onto areas of public access. 

 

606.09 CLEANING 

On completion of the work, the beaching shall be cleaned to remove all foreign materials and 

discolouration from the beaching surface. Any joint mortar adhering to the surrounding rock surfaces 

shall be removed. 
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SECTION 607 – GABIONS AND ROCK MATTRESSES 

 
607.01 DESCRIPTION 

This section covers the requirements for the supply of materials, assembly, installation and filling of 

rock filled gabions and rock mattresses.  

This section also covers specific requirements for gabion retaining structures, and specific 

requirements for the use of gabions and rock mattresses in waterways and coastal waters. 

 

607.02 DEFINITIONS 

(a) Gabion 

A container manufactured from hexagonal mesh wire netting or square welded mesh, 

partitioned into maximum 1 m3 cells, interconnected with other units and filled with rock.  

Gabions may be used for landscaping, erosion control, noise attenuation walls, facing 

panels for reinforced soil structures and retaining structures. 

(b) Gabion fill material and rock mattress fill material 

Rock used to fill gabions and rock mattresses. 

(c) Gabion retaining structure 

A mass retaining structure constructed from gabions, 1.5 m or greater in height and 

steeper than 0.66(H):1(V), or which would result in a traffic or pedestrian hazard or 

damage to neighbouring property upon failure. 

(d) Prefilled gabion 

A gabion assembled and filled with gabion fill material, and then lifted and transported 

prior to installation. 

(e) Rock mattress 

A container manufactured from hexagonal mesh wire netting, partitioned into maximum 2 

m2 cells with a maximum height of 300 mm and filled with rock, used for landscaping and 

erosion control. 

 

607.03 GABIONS 

a) Hexagonal mesh wire netting shall have the following properties: 

(i) wire and selvedge wire shall have a minimum tensile strength of 380 MPa and a 

minimum diameter of 2.7 mm and 3.4 mm respectively 
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(ii) wire and selvedge wire shall be coated with a minimum of 240 g/m2 zinc/5% 

aluminium alloy and a minimum 0.5 mm of grey coloured extruded PVC, prior to 

netting manufacture 

(iii) netting shall be manufactured by winding two wires around each other through 

three 180 rotations to form a tight, helical twist with a nominal mesh size of 80 mm 

x 100 mm. 

Gabions manufactured from hexagonal mesh wire netting shall be partitioned into 

maximum 1 m3 cells, and selvedge wires shall be provided on all edges. 

b) Square welded mesh shall have the following properties: 

(i) wire shall have a minimum tensile strength of 380 MPa and a minimum diameter 

of 5.0 mm 

(ii) welded mesh shall be manufactured with a minimum weld shear strength of 7.5 

kN and a maximum mesh size of 75 mm x 75 mm 

(iii) welded mesh shall be coated with a minimum of 240 g/m2 zinc/5% aluminium alloy, 

after mesh manufacture. 

Gabions manufactured from square welded mesh shall be partitioned into maximum 1 m3 

cells, and shall not be used in noise attenuation walls, facing panels for reinforced soil 

structures and retaining structures. 

c) Fasteners shall have the following properties: 

(i) wire shall have a minimum tensile strength of 1500 MPa and a minimum diameter 

of 3.0 mm 

(ii) wire shall be stainless steel wire. 

Fasteners shall be able to be folded around four selvedge wires with a minimum overlap 

of 25 mm. 

d) Braces shall have the following properties: 

(i) wire shall have a minimum tensile strength of 380 MPa and a minimum diameter 

of 3.4 mm 

(ii) wire shall be coated with a minimum of 240 g/m2 zinc/5% aluminium alloy and a 

minimum 0.5 mm of grey coloured extruded PVC, prior to brace forming. 

Braces shall be formed by folding one wire to form a U shape with strands of nominal 

length 1000 mm and a span of nominal length 200 mm; returns of nominal length 100 mm 

shall also be provided at the open end of the brace. 
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e) Certificate of compliance 

Prior to the commencement of work, the Contractor shall supply a certificate of compliance 

from the manufacturer confirming that the gabions, fasteners and braces comply with this 

specification, for approval by the Engineer. 

 

607.04 ROCK MATTRESSES 

a) Hexagonal mesh wire netting shall have the following properties: 

(i) wire and selvedge wire shall have a minimum tensile strength of 380 MPa and a 

minimum diameter of 2.0 mm and 2.4 mm respectively 

(ii) wire and selvedge wire shall be coated with a minimum of 210 g/m2 zinc/5% 

aluminium alloy and a minimum 0.5 mm of grey coloured extruded PVC, prior to 

netting manufacture 

(iii) netting shall be manufactured by winding two wires around each other through 

three 180 rotations to form a tight, helical twist with a nominal mesh size of 60 mm 

x 80 mm. 

Rock mattresses manufactured from hexagonal mesh wire netting shall be partitioned into 

maximum 2 m2 cells, and selvedge wires shall be provided on all edges. 

b) Fasteners shall have the following properties: 

(i) wire shall have a minimum tensile strength of 1500 MPa and a minimum diameter 

of 3.0 mm; 

(ii) wire shall be stainless steel wire. 

Fasteners shall be able to be folded around four selvedge wires with a minimum overlap 

of 25 mm. 

c) Certificate of compliance 

Prior to the commencement of work, the Contractor shall supply a certificate of compliance 

from the manufacturer confirming that the gabions and fasteners comply with this 

specification, for approval by the Engineer. 

 

607.05 GABION FILL MATERIAL AND ROCK MATTRESS FILL MATERIAL 

(a) General 

Gabion fill material and rock mattress fill material shall consist of rock with not less than 

two broken or angular faces.  The rock shall be resistant to weathering action of air, wind 
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and water and shall be free from staining, laminations, cracks and other structural defects 

which may reduce its mechanical strength. 

All rock used for gabion fill material and rock mattress fill material shall comply with the 

material requirements for ‘sound’ rock as specified in Section 301 and the Los Angeles 

Value (LAV) requirements for base material as specified in Section 301. The rock shall 

have a minimum apparent particle density of 2.5 t/m3 when tested in accordance with AS 

1141.6.1. In addition, the rock shall have a minimum wet strength of 100 kN and a wet/dry 

strength variation not exceeding 35% when tested in accordance with AS 1141.22. 

Prior to the commencement of work, the Contractor shall nominate the proposed source 

of rock and supply the specified test results for approval by the Engineer. 

(b) Dimensions 

The dimensions of gabion fill material and rock mattress fill material shall comply with the 

relevant requirements of Table 607.051. 

Table 607.051  Dimensions of Gabion Fill Material and Rock Mattress Fill Material 

Material 

Minimum 

Dimension 

(mm) 

Maximum Dimension 

(mm) 

Gabion fill material 100 250 

Rock mattress fill 

material 

75 Two-thirds the thickness of the rock mattress, or 200 

mm, whichever is the lesser. 

(c) Testing 

The Contractor shall sample and test gabion fill material and rock mattress fill material at 

a frequency of at least one test per 75 tonnes or part thereof to ensure that the material 

consistently complies with the dimensions shown in Table 607.051.  Samples shall be 

obtained from stockpiles in accordance with AS 1141.3.2.  Tests shall be undertaken by 

passing the samples through rigid screens with round holes with a diameter of the relevant 

dimension. 

 

607.06 GABION ASSEMBLY, INSTALLATION AND FILLING 

(a) Foundation preparation 
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Areas upon which gabions are to be installed shall be prepared specified in Section 202. 

Test rolling shall be undertaken in accordance with Clause 202.14. Any unstable areas 

detected by test rolling shall be rectified as specified in Section 202. Any unstable areas 

detected by test rolling shall be rectified as specified in Section 202. 

The Contractor shall request the Engineer to be present during all test rolling. 

(b) Assembly 

Gabions shall be laid out on a hard, flat surface and stretched to remove all kinks and 

bends. Individual gabions shall be assembled by raising the sides and partitions and 

connecting selvedge wires at all abutting edges with fasteners at maximum 150 mm 

intervals.  Gabions may be cut into two segments and spliced by a minimum length of 200 

mm to form nonstandard dimensions.  Fasteners shall be installed at both edges of the 

splice at maximum 150 mm horizontal and vertical intervals. 

(c) Installation 

Gabions shall be installed in the positions shown on the drawings and each gabion shall 

be connected to all adjacent gabions by connecting all abutting edges with fasteners at 

maximum 150 mm intervals.  Temporary supports, permanent supports consisting of 

galvanized star pickets or galvanized steel structural sections, or tensioning shall be used 

as required to ensure the sides of the installed gabions do not vary by more than 50 mm 

from a 3 metre straight edge laid across the surface prior to, during and after filling with 

gabion fill material. 

(d) Filling 

Gabions shall be filled with gabion fill material by mechanical means aided by hand sorting 

to ensure that exposed surfaces are free from excessive bulges and depressions.  

Gabions shall be one third filled and braces installed at evenly distributed nominal 330 

mm horizontal centres.  Gabions shall then be two thirds filled and additional braces 

installed at evenly distributed nominal 330 mm horizontal centres.  Gabions shall then be 

fully filled, the selvedge wires on the lids connected to selvedge wires at all abutting edges 

with fasteners at maximum 150 mm intervals, and any temporary supports or tensioning 

removed. 

Where bulges and depressions greater than 50 mm are present after filling, the gabions 

shall be refilled. Square welded mesh that is buckled by impacts during filling shall be 

replaced. 

(e) Prefilled gabions 
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The use of prefilled gabions is not permitted without the prior written approval of the 

Engineer. 

The Contractor shall submit a procedure for filling, lifting and transporting prefilled gabions 

for approval by the Engineer.  The procedure shall demonstrate that the prefilled gabions 

will not vary by more than 75 mm from a 3 m straight edge laid across the surface after 

installation.  Where required by the Engineer, a test prefilled gabion shall be filled, lifted, 

transported and lifted again to confirm the suitability of the procedure. 

Prefilled gabions shall be installed in the positions shown on the drawings and each 

prefilled gabion shall be connected to all adjacent prefilled gabions by connecting 

accessible abutting edges only with fasteners at maximum 150 mm intervals.  The 

exposed sides of the prefilled gabions after installation shall not vary by more than 75 mm 

from a 3 metre straight edge laid across the surface after installation. Where bulges and 

depressions greater than 75 mm are present after installation, the prefilled gabions shall 

be replaced. 

 

607.07 ROCK MATTRESS ASSEMBLY, INSTALLATION AND FILLING 

(a) Foundation preparation 

Areas upon which rock mattresses are to be installed shall be prepared specified in 

Section 202. 

Test rolling shall be undertaken in accordance with Clause 202.14. Any unstable areas 

detected by test rolling shall be rectified as specified in Section 202. 

The Contractor shall request the Engineer to be present during all test rolling. 

A separation/filtration geotextile layer shall be placed on the prepared surface. The 

geotextile shall comply with the requirements of Section 608, and shall have a 

classification of very robust, an overlap of 300 mm, and shall be a non-woven type 

geotextile.  The geotextile shall be placed as specified in Section 608, and shall be buried 

to a depth of 300 mm at the edges of the areas upon which rock mattresses are to be 

installed. 

(b) Assembly 

Rock mattresses shall be laid out on a hard, flat surface and stretched to remove all kinks 

and bends.  Individual rock mattresses shall be assembled by raising the sides, ends and 

partitions and connecting selvedge wires at all abutting edges with fasteners at maximum 

150 mm intervals.  Rock mattresses may be cut into two segments and spliced by a 

minimum length of 200 mm to form nonstandard dimensions.  Fasteners shall be installed 
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at both edges of the splice at maximum 150 mm horizontal and vertical intervals. 

(c) Installation 

Rock mattresses shall be installed in the positions shown on the drawings.  Rock 

mattresses installed on slopes shall be arranged with the longest dimension of the rock 

mattress in the direction of the slope. Each rock mattress shall be connected to all 

adjacent rock mattresses by connecting selvedge wires at all abutting edges with 

fasteners at maximum 150 mm intervals.  Permanent anchors consisting of galvanized 

star pickets shall be installed on a minimum 1 m by 1 m centre grid.  The galvanized star 

pickets shall be driven into the foundation to a minimum depth of 500 mm and shall be 

connected to the base of the rock mattress with a fastener. 

(d) Filling 

Rock mattresses shall be filled with rock mattress fill material by mechanical means aided 

by hand sorting to ensure that exposed surfaces are free from excessive bulges and 

depressions. Rock mattresses shall be fully filled and the lids connected to all abutting 

edges with fasteners at maximum 150 mm intervals.  The lids of the rock mattresses shall 

not vary by more than 50 mm from a 3 metre straight edge laid across the surface.  Where 

bulges and depressions greater than 50 mm are present after filling, the rock mattresses 

shall be refilled. 

 

607.08 GABION RETAINING STRUCTURES 

(a) General 

Gabions manufactured from square welded mesh and rock mattresses shall not be used 

in gabion retaining structures. 

(b) Design 

Gabion retaining structures shall be designed in accordance with AS 5100.3, and the 

following requirements: 

(i) the design life shall be 100 years 

(ii) the gabions shall lean backward into the retained material and the base of the 

gabions shall have a slope of 10(H):1(V) 

(iii) the gabion fill material design source rock unit weight shall be 24.5 kN/m3, unless 

demonstrated otherwise by nominating the source rock and supplying apparent 

particle density test results in accordance with Clause 607.05(a) 

(iv) the gabion fill material design porosity shall be 20% for design for bearing failure 

 Page  462  of  708 



Fiji Roads Authority 

 

444  

and global failure ultimate limit states, and shall be 40% for design for sliding, 

rotation and structural failure ultimate limit states, unless demonstrated otherwise 

by determining the porosity using a sacrificial test gabion 

(v) the Type A structural material, permeable fill material or no fines concrete design 

effective cohesion shall be 0 kPa, the design effective friction angle shall be 40, and 

the design unit weight shall be 20 kN/m3. 

In addition, for gabion retaining structures with a retained height of 6 m or more: 

(i) the gabion fill material design source rock unit weight shall be determined by 

nominating the source rock and supplying test results demonstrating the minimum 

apparent particle density 

(ii) the gabion fill design porosity shall be determined by preparing a sacrificial test 

gabion and measuring the mass of gabion fill material in the test gabion, in tonnes 

to the nearest 0.1 tonne, and the volume of the test gabion, in m3 to the nearest 

0.1 m3.  The gabion fill design porosity shall then be determined using: 

1  −  

(mass of gabion fill material in test gabion, t) / (apparent particle density, t/m3) 

volume of test gabion, m3 

(iii) the design shall be proof-engineered by an appropriately qualified engineer. 

(c) Foundation preparation 

In addition to the requirements of Clause 607.06(a), the prepared surface shall have a 

slope of 10(H):1(V). 

(d) Installation 

In addition to the requirements of Clause 607.06(c), temporary supports, permanent 

supports or tensioning shall be used as required to ensure the top of the first layer of 

gabions has a slope of 10(H):1(V) prior to filling with gabion fill material.  For subsequent 

layers of gabions, the placement of a screed layer of gabion fill of nominal dimension 70 

mm on the underlying layer may also be used as required to ensure the top of the gabions 

has a slope of 10(H):1(V) prior to filling with gabion fill material. 

In addition, for gabion retaining structures with a retained height of 6 m or more: 

(i) in addition to the requirements of Clause 607.06(d), internal braces shall be installed 

at evenly distributed nominal 250 mm horizontal centres 

(ii) gabions shall be installed in a stretcher bond pattern, so that the ends of the gabions 
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are staggered vertically from the ends of the gabions in the layers above and below 

(iii) the Contractor shall request the Engineer to be present during the installation of 

gabions to ensure the top of the gabions have a slope of 10(H):1(V) prior to filling 

with gabion fill material. 

(e) Material placed behind gabion retaining structures 

Prior to placing material behind gabion retaining structures: 

(i) a separation/filtration geotextile layer shall be placed on the rear of the gabion 

retaining structure. The geotextile shall comply with the requirements of Section 

608, and shall have a classification of very robust, an overlap of 300 mm, and shall 

be a non-woven type geotextile; 

(ii) a subsurface drainage pipe shall be placed at the base of the rear of the gabion 

retaining structure.  The subsurface drainage pipe shall comply with the 

requirements of Section 502, and shall be a category 2 pipe, shall have a minimum 

diameter of 100 mm, shall have a perforation size of 2 mm and shall be fitted with a 

knitted seamless sleeve. 

Material placed behind gabion retaining structures shall consist of: 

(i) Type A structural material, consisting of 20 mm Crushed Rock Base,  complying 

with the requirements of Section 301 and with a minimum permeability of 1 x 10-8 

m/s, shall be placed and compacted as specified in Section 202 Clause 202.12, 

Testing and acceptance of compaction and moisture content shall be undertaken 

as specified in Section 202 Clause 202.15 Scale A compaction requirements and  

Test rolling shall be undertaken in accordance with Clause 202.14. Any unstable 

areas detected by test rolling shall be rectified as specified in Section 202; 

(ii) permeable fill material, consisting of Grade A4, A5, A6, B1, B2, B3 or B4 granular 

filter material which shall comply with the requirements of Section 502.  Permeable 

fill material shall be placed and compacted as specified in Section 202 Clause 

202.11; 

(iii) no fines concrete, which shall comply with the requirements of Section 502.  

Permeable fill material shall be placed as specified in Section 202 Clause 202.11. 

 

607.09 GABIONS AND ROCK MATTRESSES IN WATERWAYS 

Gabions and rock mattresses shall not be installed below the 1:50 annual recurrence interval flood 

level of waterways with a permanent flow of water without the prior approval of the Engineer. 
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The Contractor shall submit a proposal for protecting gabions and rock mattresses from damage 

from debris impact, and written consent from the relevant Catchment Management Authority, for 

approval by the Engineer. 

 

607.10 GABIONS AND ROCK MATTRESSES IN COASTAL WATERS 

Gabions and rock mattresses shall not be installed below the highest astronomical tide level of tidal 

waterways or coastal waters, or within the splash zone of coastal waters. 
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SECTION 608 – GEOTEXTILES 

 

608.01 GENERAL 

This section covers the requirements for the supply and handling and placing of geotextiles as a 

separation and filtration layer, in earthworks at locations shown on the drawings or specified.  

 

608.02 SUPPLY OF MATERIALS 

The Contractor shall supply the geotextiles specified in accordance with the requirements of this 

section of the specification. After delivery of the geotextiles to site, the Contractor shall ensure that 

the geotextiles are kept clean and undamaged and stored away from direct sunlight until covered. 

Any damaged or improperly stored geotextiles shall be replaced by the Contractor. The Contractor 

shall provide evidence to the Engineer that the geotextile supplied under the Contract conforms with 

the appropriate requirements of this section of the Specification, prior to its use. 

 

608.03 PROPERTIES OF GEOTEXTILES 

(a) General 

The geotextile shall consist of woven or non-woven fabric manufactured from synthetic 

fibres of a long chain polymer such as polypropylene, polyethylene, polyester or similar. 

Woven geotextiles shall have filaments interlaced in two sets, mutually at right angles. 

One set shall be parallel to the longitudinal direction of the geotextile. 

Non-woven geotextiles shall have filaments bonded by needle punching, heat or chemical 

bonding processes. 

After forming, the geotextiles shall be processed sot that the fibres retain their relative 

positions with respect to each other. The geotextiles shall be free from defects or flaws 

which significantly affect its physical and/or filtering properties. 

 

(b) Robustness 

The geotextile shall have a robustness (Geotextile Strength Rating – G) complying with 

the requirements of Table 608.031 

Table 608.031 Requirements for robustness of geotextiles 

Classification Robustness (G) 

Moderately Robust 900 - 1350 

Robust 1350 - 2000 
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Very Robust 2000 - 3000 

Extremely Robust > 3000 

 

Determination of robustness (G) shall be in accordance with VicRoads Test Method RC 

381.01 Calculation of Robustness of Geotextile Material. 

(c) Equivalent Opening Size 

Where specified in Clause 608.07 as a separation/filtration material, both woven and 

non-woven geotextiles shall have an equivalent opening size between 85 and 230 

microns. The equivalent opening size determination shall be carried out in accordance 

with AS 3706.7 Determination of pore size distribution - Dry sieving method, 

(d) UV Radiation Stabilisation 

The geotextile shall be stabilised against deterioration due to ultra-violet radiation such 

that when tested in accordance with AS 3706.11, the geotextile must have retained 

strength of at least 50% after 28 days of test exposure.  After forming, the geotextile shall 

be processed so that the fibres retain their relative positions with respect to each other. 

The geotextile shall be free from defects or flaws which adversely affect its physical and 

mechanical properties. 

(e) Testing 

All testing shall be performed by laboratories with third party accreditation to ISO/IEC 

17025 by a signatory to the International Laboratories Accreditation Cooperation (ILAC) 

scheme, e.g. by NATA (National Association of Testing Authorities, Australia), or by a 

laboratory accredited to ISO/IEC 17025 through NATA’s Mutual Recognition Arrangement 

(MRA) Network process. 

Test certificates shall be in the English language. 

Sampling shall be in accordance with AS 2490, and testing shall be in accordance with 

the relevant part of AS 3706. 

Test certificates shall be submitted for each delivery of geotextile supplied to the works.  

Test certificates for the same material produced and tested within 12 months prior to the 

proposed use will be accepted, except for geotextile material used in structural 

applications, as detailed in Table 608.032, below. 

Where no test certification is provided, test samples from each roll of geotextile shall be 

selected and the test results reported in accordance with the relevant part of AS 3706.  

Tests shall include the determination of the material properties specified in Clause 

608.03(b), (c) and (d) of the geotextile for the consignment delivered. 
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Table 608.032  Frequency of Testing for Geotextile Material Properties 

Geotextile Use Test Test frequency 

General use AS 3706.1 

AS 3706.2 

AS 3706.3 

AS 3706.4 

AS 3706.5 

AS 3706.7 

AS 3706.9 

AS 3706.11 

RC 381.01 

Annual 

Geotextile used 

in structural fill 

applications 

AS 3706.1 

AS 3706.2 

AS 3706.3 

AS 3706.4 

AS 3706.5 

AS 3706.7 

AS 3706.9 

RC 381.01 

Test results on the test certificate shall 

include at least one set of results for each 

month of geotextile manufacture. 

AS 3706.11 Annual 

 

 

608.04 PREPARATION 

Prior to placing any geotextiles the Contractor shall excavate the surface material to the depth shown 

on the drawings or specified.  The area shall then be trimmed to provide a uniform surface freely 

draining to points clear of the road formation. 

Where the surface having been trimmed becomes unstable for whatever reason, the Contractor 

shall treat in situ or remove and replace the unstable material to the condition that the surface has 

the required strength to support the weight of construction traffic and plant and no additional payment 

shall be made for this work. 

 

608.05 PLACING GEOTEXTILES AND BACKFILLING 

The placement of geotextile is not permitted without the written approval of the Engineer. 

(a) General 
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The Contractor shall place the specified geotextile to the limits as shown on the drawings 

or specified.  The geotextile shall be subject to a visual inspection by the Contractor’s 

geotechnical consultant during placing.  A certificate of compliance shall be provided by 

the Contractor’s geotechnical consultant to verify that the coverage and ground 

preparation for placement of the geotextile have been executed in accordance with the 

drawings and this specification. 

The geotextile shall be placed without punctures or tears and, if these occur, they shall 

be rectified or the entire roll of geotextile replaced prior to covering.  Any rolls with 

imperfections shall not be used.  Geotextiles used in subsurface drains shall be placed to 

conform approximately to the shape of the excavation.  The geotextile shall fully envelop 

the drainage material in the excavation.  All joints shall be overlapped or sewn in 

accordance with requirements specified in Clause 608.07. Geotextiles shall be covered 

by filling within 48 hours of placement. 

(b) Type B Material 

The Contractor shall supply and place over the geotextile Type B material of maximum 

particle size of not more than 150 mm and moisture ratio of not less than 85% as 

determined by test using the Standard compactive effort.  The initial layer of Type B 

material shall be placed and compacted to the maximum density practicable without 

causing further instability in the underlying materials upon which the geotextile has been 

placed.  Subsequent layers of Type B material shall also be placed to the maximum 

density practicable until stability is achieved and a layer satisfies the test rolling 

requirements specified in Section 202 as applicable.  Any remaining layers of fill to be 

placed above the stable layer shall be placed and compacted in accordance with the 

requirements of Section 202 as applicable. 

(c) Permeable Fill Material 

Where shown on the drawings or specified, the Contractor shall supply and place 

permeable fill material of the depth specified in Clause 608.07 over the geotextile.  The 

geotextile shall be of the type of filtration and separation classification.  The permeable fill 

material shall comply with the requirements of Clause 608.06 and have a moisture content 

compatible with achieving maximum density practicable.  The initial layer of permeable fill 

material shall be placed and compacted to the maximum density practicable without 

causing further instability or loss of shape to the trimmed surface upon which the 

geotextile has been placed.  Any subsequent layers of permeable fill material shall also 

be placed to the maximum density practicable until the full depth of permeable fill material 

specified has been placed. 

Following placement of the specified depth of permeable fill material, a second layer of 
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geotextile (filtration and separation) shall be placed as specified to completely enclose the 

permeable fill material before placement of Type B material commences. 

608.06 SUPPLY OF PERMEABLE FILL MATERIAL   

For the purpose of this section, permeable fill material shall: 

(i) comply with the requirements of Section 202 or; 

(ii) consist of hard, durable and clean sand or gravel, or crushed stone from a source rock with 

a Los Angeles Abrasion Loss of not more than 45 or; 

(iii) have maximum particle size not exceeding 19 mm and a permeability not less than 10-

4m/sec when compacted to a density ratio value of 100% based on Standard compactive 

effort. 

 

608.07 SCHEDULE OF DETAILS – NOT USED 
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SECTION 609 – CONCRETE BASE AND LEAN MIX CONCRETE SUBBASE 
 

609.01 GENERAL 

This section covers the requirements for the supply and quality of materials and for the 

construction of lean mix concrete subbase and plain (unreinforced), reinforced and 

continuously reinforced concrete base pavement courses. 

Paving shall be carried by a mechanical paver with the exception of odd shapes and difficult 

to access areas, anchors and subgrade beams which shall be constructed by manual 

methods. 

 

609.02 STANDARDS 

(a) Australian Standards 

 AS 1012 Methods of testing concrete 

 AS 1379 Specification and supply of concrete 

 AS 3679 Hot rolled structural steel bars and sections 

 AS 3799 Liquid membrane - Forming curing compounds for concrete 

 AS/NZS 4671 Steel reinforcing materials 

 AS/NZS 4680 Hot-dip galvanized (zinc) coatings 

(b) VicRoads Codes of Practices 

 RC 500.16 Code of Practice for Selection of Test Methods for the Testing 

of Materials and Work 

(c) Additional Test Methods 

 ASTM C 603 Extrusion Rate and Application Life of Elastomeric Sealants 

 ASTM C 679 Tack-free Time of Sealants 

 ASTM C 793 Weathering of Sealants 

 ASTM C 794 Peel Adhesion of Sealants 

 ASTM D 792  Density of Plastics 

 ASTM D 2240 Rubber Hardness 

 ASTM D 2628 Specification for Preformed Polychloroprene Elastomeric Joint 

Seals for Concrete Pavements 
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 RTA T1192 Adhesion of sealant 

 RTA T1193 Sealant accelerated ageing 

 

609.03 CONFORMITY WITH DRAWINGS 

The pavement base and subbase courses shall be finished to a smooth and uniform surface 

and shall conform within the limits to the levels, lines, grades, thicknesses and cross sections 

shown on the drawings. 

Conformity within the limits shall be assessed for every test lot as defined in Clause 609.05(a), 

for a minimum of three survey points across the width of the cross section at intervals of no 

greater than 5 metres for the whole length of the test lot. 

(a) Alignment 

The edge of the base and subbase shall be within 15 mm  and 25 mm of the plan location, 

respectively.  The horizontal alignment of the edges shall not deviate by more than 5 mm 

and 10 mm from a 3 metre straight edge placed along the edge of the base and subbase, 

respectively. 

(b) Surface Level 

The level at the top of the base shall not be less than the specified level nor exceed the 

specified level by more than 10 mm except against kerb and channel where the surface 

shall be flush with or not more than 5 mm above the lip of the channel. 

The level of the top of the subbase shall not exceed the specified level or be more than 

15 mm below the specified level. 

(c) Shape 

No point on the finished surface of the base shall lie more than 5 mm below a 3 metre 

straight edge laid on the surface at any location, and in any direction, including across 

joints.  The surface shape of the base shall be such that water cannot pond at any point. 

No point on the surface of the subbase shall lie more than 5 mm below a 3 metre straight 

edge laid on the surface in any direction. 

(d) Width 

The width of the base and subbase shall not be less than the design width and not greater 

than the design width by more than 50 mm. 

(e) Thickness 

The thickness of the subbase and base at any point shall not be less than the specified 
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thickness by more than 15 mm and 10 mm, respectively. 

 

609.04 CONCRETE MIX DESIGN 

(a) General 

The Contractor shall be responsible for the mix design of all concrete, including any other 

nominated requirements, so that the specified durability, strength and other requirements 

of the hardened and plastic concrete are achieved. 

The concrete used for the construction of the base and subbase pavement courses, 

anchors and subgrade beams shall comply with the requirements of Section 804 unless 

specified otherwise in this section. 

(b) Requirements for Lean Mix Concrete Subbase Course 

The mean 28 day compressive strength of the concrete mix used for the construction of 

the lean mix concrete subbase course shall be 6 MPa to 15 MPa.  The lean mix concrete 

shall be sampled and tested in accordance with the requirements of Clause 609.05, 

except that each sample shall consist of four specimens tested in accordance with 

AS 1012.  The mean compressive strength shall be the average of at least three individual 

results within a range of 2.0 MPa. 

The minimum cementitious material content in the lean subbase course mix shall be 

150 kg/m3 of concrete. 

(c) Requirements for Concrete Base Pavement Course 

Base course concrete shall have a 28 day characteristic compressive strength (f 'c) of 

30 MPa to 40 MPa for use in continuously reinforced concrete pavements and greater 

than 30 MPa for jointed concrete pavements.  This characteristic strength shall be 

calculated to the nearest 0.1 MPa as follows: 

 f 'c   =  x - 1.35s 

  where: f 'c = characteristic compressive strength of the mix 

   x = mean 28 day compressive strength determined from a sample of three 

specimens of concrete sampled and tested in accordance with the 

requirements of Clause 609.05 and AS 1012. 

    s = standard deviation of the compressive strength results of the concrete plant 

determined in accordance with AS 1379. 

The minimum cementitious material content in the base course mix shall be 300 kg/m3 of 
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concrete. 

 

609.05 ASSESSMENT OF CONCRETE 

(a) General 

Assessment of concrete shall be based upon the following criterion: 

(i) 28 day compressive strength values of cylinder specimens cast on site with 

strengths adjusted for in situ density 

(ii) thickness determined from subbase and base surface level measurements. 

The concrete shall be assessed in lots and all lots shall be tested.  A lot shall consist of 

work constructed under essentially uniform conditions and is essentially homogeneous 

with regard to material and appearance.  A lot shall normally consist of one day's work 

unless there has been a change in materials or mix proportions which could affect the 

uniformity of the lot, or there has been a substantial interruption to the casting process 

requiring a construction joint to be made.  In such cases the work shall be split into more 

than one lot and each lot shall be assessed separately for compliance with the 

specification. 

(b) Sampling and Testing of Cylinder Specimens 

The Contractor shall sample, prepare, cure and compression test the cylinders cast on 

site in accordance with AS 1012. 

The concrete shall be sampled at the point of discharge to the roadbed.  Each sample 

shall consist of two cylinder specimens for testing at age 28 days. 

The number of samples in each lot shall be related to the expected volume of concrete 

placed in that lot according to Table 609.051. 

Table 609.051 Number of Samples for Testing of Cylinder Specimens 

Number of 

Samples 
Volume of Concrete (m3) 

2 Less than 50 

3 50 - 100 

4 101 - 250 

5 More than 250 
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The Contractor shall develop and implement a site sampling procedure to ensure the 

concrete quality for the day’s production.  Samples shall be taken at approximately equal 

portions of the volume cast in one continuous operation.  If the casting process is 

unexpectedly interrupted or terminated the samples taken to that time shall represent the 

lot. 

(c) Concrete Cores 

Density and compaction testing shall be based on cores taken from the concrete 

pavement at seven days.  The bounds of each base course lot for density and thickness 

testing, and the bounds of each subbase course lot for density testing only shall be 

selected to coincide with the lots selected for compressive strength testing and, within the 

lot, sites for testing shall be selected on a random basis except that no site shall be 

selected within 300 mm of a joint or slab edge. 

For each base course lot six cores shall be taken. 

For each subbase course lot six density tests shall be performed using either cored 

samples or a nuclear gauge. 

Cored specimens taken for density testing shall not be used if they are damaged during 

the coring operation or during transport.  Rejected specimens shall be replaced with other 

specimens from the same lot. 

The Contractor shall reinstate core holes within 24 hours of cores being taken.  Core holes 

shall be reinstated with shrinkage compensating polymer modified cementitious material 

having a compressive strength not less than that in the base or subbase. 

The surface of the reinstated hole shall be similar to the surrounding concrete surface in 

texture and colour and shall be covered with a curing compound. 

Prior to trafficking or placement of the subsequent concrete layer the cementitious 

material in the core shall be cured sufficiently to achieve an estimated compressive 

strength of 4 MPa. 

Reinstatement of the cored holes shall be completed prior to the application of any surface 

debonding treatment. 

(d) Concrete Base Course 

(i) Density of Cylinder Specimens 

The saturated surface dry density of cylinder specimens (Cc) of a lot shall be 

determined in accordance with AS 1012 Part 12 at the same age at which the 

density of cores of the lot are determined.  The mean cylinder density (Cc) of a 
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lot shall be calculated using all the compressive test cylinder specimens in that 

lot. 

(ii) Density of Concrete Cores 

The saturated surface dry density of cores shall be determined in accordance 

with AS 1012 Part 12 and the mean core density (Cf) of the lot determined using 

all density test values from the cored samples in that lot. 

(iii) Assessment of Compressive Strength (Cylinder Specimens) 

(1) Unadjusted Characteristic Strength (Du) 

Where six or more test values of 28 day compressive strength of a lot are 

available the characteristic strength of the lot shall be calculated to the 

nearest 0.1 MPa as follows: 

 Du  = x - ks 

       where: 

       Du  = unadjusted characteristic strength of the lot 

       x  = average cylinder strength of all specimens from the lot 

        s  = standard deviation of cylinder strength of all specimens from the 

lot 

        k  = a factor which depends on the number of specimens in the lot 

as shown in Table 609.052. 

Table 609.052 

n 8 9 10 

k 1.42 1.40 1.38 

 

Where less than eight test values of 28 day compressive strength of a lot 

are available the characteristic strength of the lot shall be calculated to 

the nearest 0.1 MPa as follows: 

 Du  = x – 3 

(2) Adjusted Characteristic Strength (Da) 

The unadjusted strength of the lot shall be adjusted for compaction as 
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follows. 

Calculate the density ratio of the lot (Rc) defined as: 

Rc     = 

100  C f 

Cc 

If Rc is greater than or equal to 100.0% then Da, the adjusted characteristic strength 

of the lot, shall equal Du, the unadjusted characteristic strength of the lot. 

If Rc is less than 100.0% but is greater than or equal to 97.0%, the unadjusted 

characteristic strength of the lot Du shall be adjusted as follows: 

Da = Du  [ 6.94 

Rc 

-  5.94 ] 

100 

If Rc is less than 97.0% the lot shall be rejected. 

Lots shall be assessed for strength in accordance with Table 609.053 or 

Table 609.054, as appropriate. 

Table 609.053  Continuously Reinforced Concrete Pavements 

Da (MPa) Assessment Payment % 

Greater than 

40.0 

Accept 180 - 2Da 

30.0 to 40.0 Accept 100 

27.0 to 29.9 Accept 10Da - 200 

Table 609.054  Jointed Concrete Pavements 

Da(MPa) Assessment Payment % 

Greater than 

30.0 

Accept 100 

27.0 to 30.0 Accept 10Da - 200 

(iv) Assessment of Base Thickness 

The thickness of a lot shall be determined as follows: 

Within the lots defined for assessment of compressive strength the surface levels 

of the subbase shall be checked longitudinally and transversely for conformity 
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with the specified requirements at intervals not exceeding 20 m in the longitudinal 

direction.  At each location checked for longitudinal level conformity, the surface 

level shall be checked in the transverse direction at all of the following locations: 

• at the edges of the pavement 

• at all changes of gradient across the pavement 

• at intervals not exceeding 2 m across the pavement. 

Levels of the base surface shall be taken at the same locations as taken on the 

subbase.  For each lot the measured differences (Xi) at each location shall be 

calculated to the nearest 1 mm as follows: 

X i   =   (base level) i  -  (subbase level) i 

The departure of the lot thickness from the design thickness shall be calculated 

to the nearest 1 mm as follows: 

 T   =   D - x 

      where: 

      T  = departure of the lot (mm) 

      x  = mean thickness determined from the level differences (Xi) 

for the lot (mm) 

      D  = design thickness (mm) 

   Lots shall be assessed for thickness in accordance with Table 609.055. 

  Table 609.055 

T (mm) Assessment Payment % 

Less than 0.0 Accept 100 

0.0 to 10.0 Accept 100 - 3T 

   

(e) Concrete Subbase Course 

(i) Assessment of Compressive Strength (cylinder specimens) 

The 28 day compressive strength of each sample shall be calculated as the mean 

of the values from the pair of specimens comprising that sample, providing the 

strength values do not differ by more than 3.5 MPa.  If the values differ by more 
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than 3.5 MPa then the higher of the two values shall represent the compressive 

strength of the sample.  Where one specimen of the pair has been rejected for 

testing the remaining specimen shall represent the strength of that sample. 

The mean 28 day strength (A) of a lot shall be calculated to the nearest 0.1 MPa 

using all cylinder specimens for that lot.  Concrete shall be accepted or rejected 

in accordance with Table 609.056. 

Table 609.056 

Mean 28 Day 

Compressive Strength of 

Lot  (MPa) 

Assessment Payment % 

Greater than 15.0 Accept 130 - 2A 

6.0 to 15.0 Accept 100 

5.0 to 5.9 Accept 30A - 80 

(ii) Compaction of Subbase 

The mean field density of a lot (Cf) shall be calculated using all field density test 

values from the cored samples or nuclear gauge sites in that lot. 

The mean density of the cylinder specimens of a lot (Cc) shall be calculated using 

all the compressive test cylinder specimens in that lot. 

The density ratio of the lot (Rc) is defined by: 

Rc    = 

100  C f 

Cc 

If the density ratio of the lot is greater than or equal to 98.0%, the lot will be 

accepted as far as compaction is concerned provided that if the density ratio of 

the lot is less than 98.0% but greater than or equal to 97.0% payment for such 

work will be made at a rate of 70% of the rate for supply and placement of 

subbase concrete. 

 

609.06 MANUFACTURE AND DELIVERY OF PREMIXED CONCRETE 

(a) General 

The Contractor shall be responsible for the manufacture and delivery of all concrete which 
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shall comply with the requirements of Section 804 and AS 1379. 

(b) Methods of Production and Transport 

The Contractor's production and transport shall be as follows: 

(i) limit segregation or loss of materials; 

(ii) supply a homogeneous product; 

(iii) result in concrete workability, at the time of incorporation, which is compatible 

with the capacity of the placing equipment to achieve the specified compaction 

and surface finish. 

Concrete shall be supplied from the Contractor's nominated production plant for the 

duration of the daily paving operations. 

 

609.07 CONCRETE PLACEMENT 

Unless otherwise specified, concrete shall be spread using a paver except for small areas where 

use of a paver is not practical in which case concrete shall be placed by manual methods between 

fixed forms. 

(a) General 

The Contractor shall give the Engineer seven days written notice of its intention to 

commence construction of any section of the works or carry out a trial of the concrete 

subbase or base course. 

Concrete shall not be placed until the proposed method of placement, spacing of planned 

transverse construction joints and the provision of dowels, constructed formwork, 

reinforcement and embedments conforming to the requirements of this specification and 

the drawings, has been reviewed by the Engineer. 

For the subbase course loose material shall be removed from the surface of the subgrade 

and the subgrade shall be wetted to ensure a uniformly moist surface at the time of 

placing. 

Where required, the Contractor shall provide concrete sawing equipment at the paving 

site before concrete is placed. 

Concrete shall not be placed when the temperature is below 5C or above 35C and the 

temperature of concrete, when placed, shall be not less than 10C nor more than 32C. 

Concrete shall not be placed when rain is falling or when rain is expected within one hour 

of placing.  The Contractor shall have available on site sufficient waterproof covers to 
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protect the freshly placed concrete against the effects of unexpected rain.  Covers when 

required shall be installed in such a manner to not disturb the surface of the subbase or 

base slab. 

The methods of concrete placement shall minimise segregation by placement at a uniform 

rate with a minimum of rehandling.  The face of freshly placed concrete shall be generally 

vertical, full width of the slab and normal to the direction of placing. 

(b) Trial Concrete Subbase and Base Courses 

Prior to commencing paving of the respective full scale works the Contractor shall 

construct a trial section, unless otherwise approved by the Engineer, of both the concrete 

subbase and base using the same materials, concrete mix and equipment as proposed 

for the construction of the full scale works, to satisfy the specification requirements.  The 

methods proposed for finishing, texturing, application of curing compound, sawing of 

joints, placement of dowels, tie bars and reinforcement shall be demonstrated and 

documented as part of these trials. 

For a mechanical paver a trial length of between 50 and 100 metres at the maximum width 

proposed to be laid shall be constructed in one continuous operation.  Separate trials are 

required for each mechanical paver. 

For manual paving a trial length of between 15 and 50 metres at the maximum width 

proposed to be laid shall be constructed in one continuous operation to a minimum of 

25 m3 of concrete. 

The Engineer shall require a new trial section at any stage of the full scale works if the 

Contractor makes any changes to the equipment, materials, mix, plant or rate of paving 

or when concrete as placed and jointed does not comply with the Specification. 

In the event of deficiencies in the trial concrete the Engineer may require a new length of 

trial concrete subbase or base, using a modified procedure to rectify such deficiencies.  

Any delays caused through deficiencies in the trial sections shall not constitute justification 

for extension of time. 

If the trial sections conform to the specification requirements, they will be accepted as part 

of the works. 

The Contractor shall not proceed with full scale works until the trial has been reviewed by 

the Engineer. 

(c) Placement by Paver 

The paver shall be operated such that a concrete slab having the specified alignment 
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profile, ride quality, density and compaction is achieved. 

Concrete feed shall be arranged such that the paver is operated in a continuous forward 

motion and stoppage of the paver is avoided.  Should an essentially continuous rate of 

progress not be maintained, paving operations shall cease until appropriate remedial 

action has been taken. 

In addition to the paver, the Contractor shall have available at the paving site equipment 

to carry out the following works: 

(i) completion of concreting work to a construction joint in case of paver breakdown; 

(ii) remedial work to any slab when the paver has not finished the work to a 

satisfactory standard; 

(iii) construction of odd shaped areas which cannot be done by a paver. 

(d) Manual Placement of Concrete (between Fixed Forms) and Replacement Base Slabs 

Replacement slabs and concrete placed manually (between fixed forms) shall comply with 

the base course requirements of Clauses 609.04 and, 609.05. 

Forms shall be of sufficient size and rigidity and positioned such that the geometry of the 

compacted and finished concrete satisfies the requirements of Clause 609.03.  Forms 

shall be mortar tight and debonded to ensure non-adhesion of the concrete to the forms. 

Concrete shall not be placed until the Engineer has reviewed the proposed method of 

placement, compaction, and curing of concrete. 

During compaction no formwork or reinforcement shall be displaced.  Care shall be taken 

to fill every part of the forms to force the concrete under and around any reinforcement 

and any dowels and tie bars and to work coarse aggregate back from form surfaces. 

(e) Compaction 

Base and subbase concrete shall be compacted to meet the requirements of 

Clause 609.05.  Concrete placed around dowel bars shall be carefully vibrated without 

the vibrators touching the dowels. 

(f) Screeding and Finishing 

The concrete shall be finished to provide a dense and homogeneous concrete surface 

satisfying the requirements of Clause 609.03. 

The subbase concrete shall be finished to a uniform non-textured surface.  The base 

concrete shall be finished to a textured surface as specified. 
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(g) Rate of Evaporation 

The Contractor shall be responsible for measuring concrete temperature and wind velocity 

at the point of concrete placement and for measuring and recording air temperature and 

relative humidity at the site throughout the course of the work. 

When the value of the Rate of Evaporation as determined from Figure 609.071 exceeds 

0.50 kg/m2 per hour the Contractor shall take precautionary measures to prevent 

excessive moisture losses in the form of an evaporative retarding compound in 

accordance with the requirements of Clause 609.18(b). If these measures prove 

unsatisfactory in reducing moisture losses or damages the finished surface the Contractor 

shall cease concreting whilst the evaporation rate is in excess of the abovementioned rate 

or satisfactory measures are implemented. 

 

Figure 609.071 - Evaporation of Water from Freshly Placed Concrete 

The graph shows the effects of air temperature, humidity, concrete temperature and wind 

velocity together on the rate of evaporation of water from freshly placed and unprotected 

concrete. 
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Example: 

* with air temperature at 27C 

* with relative humidity at 40% 

* with concrete temperature at 27C 

* with a wind velocity of 26 km/h the rate of evaporation would be 1.5 kg/m2/hour. 

To determine the evaporation rate from the graph, enter the graph at the air temperature 

(in this case 27C), and move vertically to intersect the curve for relative humidity 

encountered - here 40%.  From this point move horizontally to the respective line for 

concrete temperature - here 27C.  Move vertically down to the respective wind velocity 

curve - in this case interpolating for 26 km per hour - and then horizontally to the left to 

intersect the scale for the rate of evaporation. 

 

609.08 APPLICATION OF DEBONDING LAYER 

If a bituminous seal has not been applied to the subbase, a third application of wax emulsion 

curing compound shall be applied to the subbase at a rate of 0.2 l/m2 between 48 and 72 hours 

prior to placement of base concrete. The curing compound shall comply with the requirements 

of Clause 609.18. 

 

609.09 STEEL REINFORCEMENT 

(a) General 

Reinforcement placed in the pavement shall consist of deformed round reinforcing bars 

complying with the requirements of AS/NZS 4671 and plain round bars and hard-drawn 

steel wire fabric complying with the requirements of AS/NZS 3679 and AS/NZS 4671. 

Where specified or shown on the drawings galvanizing shall be undertaken in accordance 

with AS/NZS 4680 and shall consist of a uniform layer of commercially pure zinc, free 

from abrasions, cracks, blisters, chemical spots or other imperfections, and so applied 

that it adheres firmly to the surface of the steel.  The rate of zinc application shall be 

600 g/m2, equivalent to a thickness of 84 microns. 

The Contractor shall make appropriate allowances when preparing its reinforcement 

schedule to achieve the specified tolerances on member dimensions, concrete cover and 

location of reinforcement or other fitments, taking into account the practical variations in 

the tolerances noted and other margins normally applied by reinforcement suppliers. 

Steel reinforcement shall be supplied cut to length, bent to shape, free from loose mill 
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scale, loose or thick rust, or any other coating.  Steel reinforcement shall not be bent or 

straightened in a manner that will damage the material or heated for the purposes of 

bending. 

Steel reinforcement, tie bars, dowels and other steel fitments shall be placed as shown 

on the drawings and within a tolerance of ± 5 mm. 

(b) Tie Bars 

The diameter, grade, length and location of tie bars shall be as shown on the drawings. 

(c) Dowels 

Dowels shall be hot dipped galvanized plain rod bars, manufactured from AS/NZS 3679 

Grade 250 steel and shall be straight, clean and free from burrs, mill scale and oil.  The 

ends of the bars shall be cut off square. 

Dowel assemblies shall be manufactured from structural steel complying with 

AS/NZS 3679. 

 

609.10 JOINT SEALANTS 

(a) General 

Permanent seals shall be either a neoprene compression seal or an in situ cast silicone 

sealant. 

A full technical description of the proposed sealant and method of installation 

recommended by its manufacturer shall be submitted for approval by the Engineer at least 

four weeks prior to installation. 

(b) Neoprene Compression Seals 

Neoprene compression seals shall conform to the requirements of ASTM D 2628. 

The size of the seal shall be selected to suit the width of the sealant reservoir.  The sealant 

shall be installed in accordance with the manufacturer's written recommendations. 

The seal shall be dimensioned such that its maximum operating width does not exceed 

80% of its uncompressed width. 

(c) Silicone Seals 

Silicone seals shall be formed from a silicone joint sealant conforming to the requirements 

of Table 609.101. 

Sections of material prepared for testing in the cured state shall be cured seven days at 
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25 1C and 50% 5% Relative Humidity.  The silicone joint sealant shall be grey in colour 

and shall be stored and installed in accordance with the manufacturer's 

recommendations. 

Table 609.101 

Test Method Attributes Requirements 

ASTM D 792 

(Method A) 

Specific gravity 1.1 - 1.55 

ASTM D 2240 

(Standard Curing) 

Durometer hardness 10 - 25 

ASTM C 603 Extrusion rate  90 – 250 g/min 

ASTM C 679 Tack free time 30 0 70 mins 

ASTM C 793 Accelerated weathering No chalking, cracking or bond loss at 

5000 hrs 

ASTM C 794 Adhesion to concrete Minimum 35 N average peel strength 

RTA T1193 Accelerated aging  

RTA T1192 Adhesion to concrete Pre-treatment as per RTA T1193 

Extension to 70% 

Compression to 50% 

No more than 10% failure over the cross-

sectional area 

(Not applicable) 

Visual 

Colour Grey compatible with pavement concrete 

 

609.11 CONSTRUCTION PLANT 

Pavers shall include the following features: 

(a) an operating mass of not less than 10 tonne and the capability to form the slab widths, or 

combinations of slab widths, shown on the drawings and slab depths as specified; 

(b) an automatic control system with a sensing device to control line and level from guide lines 

placed parallel to the edges of the concrete slab being placed; 

(c) they shall be capable of spreading, compacting, screeding and finishing the freshly placed 

concrete in such a manner that a minimum of finishing by hand will be required and dense and 
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homogeneous concrete with a surface finish complying with the specified requirements will be 

produced. 

 

609.12 JOINTS FOR SUBBASE  

(a) Transverse Construction Joints 

Transverse construction joints shall be constructed as shown on the drawings. 

Transverse construction joints shall be constructed normal to the pavement centreline and 

shall not be placed closer than 500 mm to a planned transverse joint in the concrete base.  

Where a mechanical breakdown occurs in the paver, or paving operations are interrupted 

for any other reasons, the subbase shall be placed by hand methods to a construction 

joint location agreed with the Engineer. 

(b) Longitudinal Joints 

Longitudinal joints shall be constructed as plain butt construction joints and the proposed 

location shall be reviewed by the Engineer prior to commencement of paving. 

The joints shall be located within the bounds shown on the drawings and shall be located 

250-300 mm offset from proposed joints in the concrete base. 

 

609.13 JOINTS FOR BASE 

Joints shall be constructed as specified and shown on the drawings.  Joints shall be straight and 

vertical.  Transverse joints shall be continuous from edge to edge of the pavement.  Tie bars shall 

be installed such that anchorage strength of at least 85% of the yield strength of the bar is developed 

upon hardening of the base. 

(a) Sawn Joints 

Sawing shall commence as soon as the concrete has hardened sufficiently to permit 

cutting the concrete without excessive ravelling, regardless of time or weather conditions. 

The line of the joint shall be without any discontinuities.  Neither edge shall deviate from 

a 3 metre straight edge by more than 10 mm. 

The joint surface shall not exhibit more than 5 mm of vertical or horizontal edge ravelling.  

The length of edge ravelling shall not be more than 300 mm in any one (1) metre length 

of joint on each edge.  Saw debris shall be washed from the joint and pavement 

immediately after sawing. 

Immediately after cleaning a continuous UV-stabilised PVC spline seal 5  1 mm in 

diameter shall be installed in the saw cut, and where transverse joints cross longitudinal 
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joints the transverse seal shall pass under any seal inserted in longitudinal sawn joints.  

The seal shall not be stretched in order to fit into the groove.  Any increase in length of 

the seal after installation shall not exceed 10% of the original length.  Joints in the seal 

shall be kept to a minimum and shall be cemented together by a suitable adhesive.  The 

top of the seal shall not be less than 5 mm nor more than 7 mm below the surface of the 

base. 

(b) Transverse Contraction Joints 

(i) Forming Joints 

Transverse contraction joints shall be sawn.  To prevent uncontrolled cracking in 

the base sawn transverse contraction joints shall be constructed either skewed 

or normal to the centreline of the pavement as shown on the drawings.  The joints 

shall be constructed to the dimensions and details shown on the drawings and 

initially formed as a sawn groove 3 mm wide to a depth not less than 1/4 the slab 

depth, but not exceeding 1/4 the slab depth plus 10 mm.  When the concrete can 

be cut without excessive ravelling the spline seal shall be pushed to the bottom 

of the initial saw cut and the initial groove widened to accommodate the 

permanent seal.  Joints shall be sawn in the sequence of concrete placement.  

Before sawing a joint, the base concrete shall be examined closely for cracks 

and the joints shall not be sawn within 1 metre of a crack.  In pavements with 

dowelled joints, sawn transverse contraction joints shall be constructed normal 

to the pavement and the joint shall be sawn to coincide with the centre of the 

dowel assemblies.  The centre of dowelled assemblies shall be suitable 

referenced prior to concrete placement. 

Skewed joints shall commence from the right side of the pavement and cross in 

the direction of the design traffic flow at a 1 in 6 skew, unless otherwise specified.  

The joints shall be spaced by repeating the subgroup spacing of 4.3 m, 3.7 m, 

4.6 m and 4.0 m.  The distance between the first and last joint of each subgroup 

shall be 16.6 m  250 mm and each joint within the sequence shall not vary from 

its designated position by more than  250 mm.  Sawn contraction joints 

specified normal to the pavement centreline shall be sawn at 4.5 m intervals.  

Each joint shall not vary from its designated position by more than  250 mm.  

The line of any sawn joint shall not deviate by more than 20 mm from a 3 metre 

straight edge. 

Sawing of transverse contraction joints shall be carried out in such a manner that 

no more than five unplanned cracks, each with a width not exceeding 0.5 mm, 

occur per successive kilometre of pavement. 
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Where unplanned cracking occurs, the Contractor shall cease paving operations 

until all the joints have been completed and the paving operation altered so that 

further unplanned cracking is prevented. 

(ii) Temporary Sealing 

After the second saw cut is made to form the sealant reservoir and the joint 

thoroughly cleaned of all sawing debris, a continuous closed-cell polyethylene 

backer rod of diameter shown on the drawings shall be inserted into the joint. 

The top of the seal shall be 0 to 10 mm below the concrete surface.  The backer 

rod shall pass over any longitudinal joint seal already in place. 

The backer rod shall be maintained by the Contractor until the joint is sealed 

permanently.  Damaged or disturbed backer rods shall be removed, the joint 

recleaned and a new backer rod inserted. 

(iii) Permanent Sealing 

Within 10 days of initial sawing the permanent seal shall be placed in the joint. 

The permanent seal shall be either a neoprene compression seal or an in situ 

cast silicone seal complying with the requirements of Clause 609.10. 

(1) Neoprene Seals 

The joint grooves into which the neoprene compression seal is to be inserted 

shall be clean and dry immediately prior to the installation of the seal.  The sides 

of the neoprene seal shall be coated with an appropriate clear or concrete 

coloured lubricant-adhesive compound complying with ASTM D-2835 

Specification for Lubricant for Installation of Preformed Compression Seals in 

Concrete Pavements.  The seal shall not be over-stretched in order to fit into the 

groove and the maximum increase in length of the seal after installation shall 

be 5%.  Any seal exceeding 5% extension shall be removed.  The seal shall be 

continuous between longitudinal joints and where a discontinuity occurs the seal 

shall be butt jointed.  The top of the seal shall not be less than 5 mm nor more 

than 7 mm below the surface of the base and shall overlay any longitudinal seals. 

(2) Silicone Seals 

The joint grooves into which the silicone sealant is to be inserted shall be clean 

and dry at the time of installation of the seal.  The backer rod shall be depressed 

such that the bottom of the silicone seal shall be at the planned location and of 

the correct shape. 
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(c) Transverse Construction Joints 

(i) General 

Transverse construction joints shall be installed at the end of each day's 

operation and at any other stage when concrete placement is interrupted for 

30 minutes or longer.  Construction joints shall be normal to the pavement and 

constructed to the dimensions and details shown on the drawings.  The 

aggregate on the face of the joint shall be exposed prior to casting against the 

exposed face.  Care shall be taken to ensure that the concrete immediately 

adjacent to the joint is fully compacted. 

The line of the joints shall not deviate in from a 3 metre straight edge placed 

along the joint by more than 20 mm. 

(ii) For Plain Base 

Construction joints shall not be constructed closer than 1.5 m to a transverse 

contraction joint.  Construction joints shall be tied using steel bars as shown on 

the drawings. 

(iii) For Jointed Reinforced Base 

Construction joints shall be located at planned transverse contraction joints and 

the joints shall be dowelled as shown on the drawings.  Construction joints 

formed at locations other than planned contraction joints shall not be within 1.5 m 

of a contraction joint and shall be tied using steel bars as shown on the drawings. 

(iv) For Continuously Reinforced Base 

Construction joints shall be tied using steel bars as shown on the drawings. 

(d) Expansion Joints - For All Types of Base 

Expansion joints are generally formed around structures and features which 

project through, into or against the pavement and at other locations as specified.  

Transverse expansion joints shall not be constructed within 2 metres of a sawn 

contraction joint.  Where necessary the spacing and/or skew of the adjacent 

transverse contraction joints may be changed to ensure sufficient clearance is 

obtained. 

Expansion joints shall be continuous across the full width of the base normal to 

the control line and constructed in accordance with the drawings. 
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The Engineer may require a trial joint installation up to 2 metres in length of any 

proposed sealant, to be carried out prior to approval being given.  The top of the 

sealant shall be between 3 mm and 6 mm below the surface of the pavement. 

(e) Longitudinal Joints - For All Types of Base 

Where shown on the drawings longitudinal joints shall be constructed as a construction 

joint or induced by sawing. 

Longitudinal joints shall be constructed parallel to the centreline of the pavement by the 

slip formed edge, by fixed formwork or by sawing a 3 mm wide cut to a depth not less than 

one-third the slab depth but not exceeding one-third the slab depth plus 10 mm. 

Tie bars of 1 metre long deformed steel bars Grade 410Y 12 mm diameter spaced at 

500 mm centres located at half the slab depth and placed perpendicular to the line of the 

joint shall be placed in each longitudinal joint.  If placed by paver, the tie bars shall be 

inserted automatically.  For fixed form construction the bars may be placed in the forms 

but in either case tie bars shall not be vibrated into freshly placed concrete.  For 

longitudinal joints between the base slab and any kerbs, kerbs and channels and open 

spoon drains, tie bars 600 mm long of 12 mm diameter spaced at 500 mm centres shall 

be installed at half slab depth except within 0.5 metre of a transverse contraction joint. 

For sawn longitudinal joints, the joint shall be thoroughly cleaned of all sawn and foreign 

matter and an approved UV-stabilised PVC spline seal or equivalent shall be inserted in 

the joint within 24 hours of sawing. The seal shall not be stretched in order to fit into the 

groove. Any increase in length of the seal after installation shall not exceed 5% of the 

original length. Joints in the seal shall be kept to a minimum and shall be cemented 

together by a suitable adhesive.  The top of the seal shall not be less than 5 mm nor more 

than 7 mm below the surface of the base, except where depressed to lie under the 

transverse joint sealant. 

 

609.14 ODD SHAPED AND MISMATCHED SLABS - FOR ALL TYPES OF BASE 

A slab shall be considered to be odd-shaped if the longer side dimension exceeds the shorter by 

more than 50% or if the joint pattern produces an angle of less than 80 between two adjacent sides.  

A slab shall be considered mismatched if it has one transverse joint out of alignment with the 

transverse joint on the adjacent slab. 

Concrete placed in odd shaped and mismatched slabs shall comply with the base course 

requirements of Clauses 609.04 and 609.05, 

Odd shaped and mismatched slabs shall be reinforced with a single layer of SL82 welded wire mesh 

fabric placed with 50 to 60 mm cover from the top of the concrete surface.  Fabric shall be clear of 
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all transverse and longitudinal joints by 50 to 100 mm.  Odd shaped or mismatched slabs which are 

not specified and result from matters within the Contractor's control, shall be the Contractor's 

responsibility. 

Joint arrangements for odd shaped and mismatched slabs shall be designed by the Contractor and 

submitted to the Engineer for review at least four weeks prior to the work commencing. 

Odd shaped and mismatched slabs shall be cured in accordance with the requirements of 

Clause 609.18. 

609.15 SLAB ANCHORS - FOR ALL TYPES OF BASE 

Concrete placed in slab anchors shall comply with the base course requirements of Clauses 609.04 

and 609.05, and with the requirements of Section 804. 

Slab anchors shall be constructed normal to the pavement centreline, to the dimensions and at the 

locations shown on the drawings prior to placing the base. 

Anchors shall extend over the full width of the pavement.  A transverse expansion joint shall be 

provided between the anchor and the abutting slab and shall not be placed closer than 1.5 metre to 

a sawn contraction joint. 

Slab anchors shall be cured in accordance with the requirements of Clause 609.18. 

 

609.16 SUBGRADE BEAMS 

Subgrade beams shall be provided below the subbase at expansion joints and isolation joints in the 

concrete base as shown on the drawings. 

Concrete placed in subgrade beams shall comply with the base course requirements of 

Clauses 609.04 and 609.05, and with the requirements of Section 804. 

Subgrade beams shall be constructed prior to construction of the subbase.  The top of the beam 

shall be level with the subgrade. Any loose subgrade material shall be removed or re-compacted to 

the correct level. 

Steel reinforcement shall be the type and size shown on the drawings. 

The top surface of the subgrade beam shall be a smooth surface.  This surface shall be cured in 

accordance with Clause 609.18. 

The top surface of the subgrade beam shall be treated with a bond breaker which shall consist of a 

further application of curing compound at a rate of 0.2 l/m2, 24 to 72 hours before placing of subbase 

concrete. 

 

609.17 TEXTURING OF SURFACE 
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Texturing of the concrete surface shall be carried out to the standard of surface specified in 

Clause 609.21 using a hessian drag or steel tines.  The textured surface shall extend across the full 

width of the base and shall be uniform in appearance. 

(a) Texturing of Surface for No Asphalt Overlay 

(i) Light Texturing 

Concrete surface shall be textured using a hessian drag. 

The hessian drag shall consist of a minimum of two layers of material each having 

a nominal mass of 0.34 kg/m2 and shall have a length of at least 1 metre of 

material in contact with the concrete surface. 

(ii) Medium Texturing 

The concrete surface shall be finished to achieve an average texture depth 

between 0.40 mm and 0.70 mm. The texture depth shall generally be achieved 

using steel tining equipment which shall comprise of rectangular-shaped tines of 

flat spring steel, approximately 0.6 mm thick.  The width of the tines shall be 

2 mm. 

(iii) Heavy Texturing 

The concrete surface shall be finished to achieve an average texture depth 

between 0.50 mm and 1.00 mm.  The texture depth shall generally be achieved 

using steel tining equipment which shall comprise of rectangular-shaped tines of 

flat spring steel, approximately 0.6 mm thick.  The width of the tines shall be 

3 mm. 

For texturing with steel tines, the tines shall be spaced between 10 and 21 mm 

with a mean spacing between 13 and 14 mm in a random pattern as depicted 

below: 

.     10     14     16     11     10     13     15     16     11     10     21     13     10     . 

and the tining shall be done transversely. 

Should the Contractor wish to use an alternative method to achieve the texture 

depth, details of the proposed method shall be submitted to the Engineer for 

approval.  The Engineer may require the Contractor to cast a sample test panel 

of size 3 m x 3 m of textured concrete prior to approval. 

Acceptance of the surface texture shall be based on testing of randomly selected 

areas of the surface by the sand patch method to determine the average texture 

depth of that area.  Sand patch testing shall be undertaken at a frequency of not 
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less than one test per 400 m2 of concrete base surface.  Areas found to have an 

average surface texture depth of less than that specified shall be saw grooved 

parallel to the line of the texturing to achieve the specified average texture depth 

by sawing grooves at 20 mm centres. 

(b) Texturing of Surface for Asphalt Overlay 

The surface of the concrete shall be lightly textured. 

The concrete surface shall be textured using a hessian drag.  The hessian drag shall 

consist of a minimum of two layers of material each having a nominal mass of 0.34 kg/m2 

and shall have a length of at least 1 metre of material in contact with the concrete surface. 

 

609.18 CURING AND PROTECTION 

(a) Curing Compounds 

Curing of the base and subbase concrete shall be undertaken by the use of a curing 

compound sprayed onto the freshly laid concrete at the application rates specified in this 

clause.  Curing compound shall not be sprayed when bleed water is present. 

Prior to the use of curing compounds, the Contractor shall submit to the Engineer for 

review not less than four weeks prior to placement of concrete, full details of the proposed 

curing method, including the time and rate of application, documented evidence of the 

effectiveness of the compound as a curing agent supported by test certificates from a 

NATA accredited laboratory, or approved equivalent, and method of removal where 

required.  The test certificates of compliance shall relate only to the formulation on which 

the tests were made and shall be valid for not more than three years from the date of 

issue. 

The exposed surfaces of the concrete including the sides of the slab shall be treated for 

curing protection immediately surface finishing has been completed.  Where any side 

forms have been used the concrete sides shall be treated after stripping of the forms. 

Curing protection for base and subbase concrete shall be achieved by the application of 

a chlorinated rubber curing compound and a pigmented wax emulsion curing compound 

respectively , complying with the requirements of AS 3799.  Two coats shall be applied at 

the full rate.  The compound shall be sprayed onto the concrete surface at a rate 

of 0.2 l/m2 per coat. 

The curing compound shall be applied by a pressurised sprayer to give a uniform cover 

except that, for the sides of slabs and for small areas where spraying equipment cannot 

be used, the compound shall be sprayed with a hand lance at a rate 25% higher than the 
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rate for mechanically sprayed areas.  The pressurised sprayer shall incorporate a device 

for continuous agitation and mixing of the compound in its container during spraying.  The 

application rate shall be checked by calculating the amount of curing compound falling on 

felt mats, each approximately 0.25 m2 in area, placed on the concrete surface. 

The time between the first and second coat shall be in accordance with the manufacturer's 

recommendation, or on the basis of a trial application. 

Notwithstanding the requirements of Clause 609.07(g) an evaporative retarding 

compound shall be used for the base and subbase concrete in accordance with the 

requirements of Clause 609.18(b). 

For the base course no traffic or construction equipment other than that associated with 

testing, saw cutting and joint sealing shall be allowed on the finished base concrete until 

the in situ strength of the concrete is at least 60% of the target 28 day compressive 

strength. Notwithstanding the above, any damage caused to the base by the Contractor's 

operations shall be rectified by the Contractor. 

For the subbase course the curing membrane shall be maintained until the base concrete 

is placed and any damage to the curing membrane during that time shall be repaired.  No 

traffic or construction equipment shall be allowed on the finished concrete until the in situ 

strength of the subbase is at least 4 MPa.  Any damage caused to the subbase by the 

Contractor's operations shall be rectified by the Contractor. 

The Contractor shall take necessary measures to ensure that the temperature of the 

concrete does not fall below 5C during the first 24 hours after placing. 

Curing compounds shall not be applied to concrete surfaces which are to be subsequently 

asphalted, unless they are compatible with the asphalt layer or surfacing system or 

provision is made for removal of the compound from these surfaces prior to the application 

of the asphalt layer or surfacing system. 

(b) Application of Evaporative Retarding Compound 

The evaporative retarding compound, when required, is to be applied immediately after 

initial screeding.  The remaining finishing operations can be carried out after application 

of the compound. 

Application of the evaporative retarding compound shall be implemented in accordance 

with the manufacturer's instructions. 

Details of the proposed compound and its application procedure shall be submitted to the 

Engineer for review not less than four weeks prior to the commencement of concreting 

works. 
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609.19 TRAFFICKING OF BASE AND SUBBASE 

(a) General 

Any damage caused to the base or subbase as a result of the Contractor’s construction 

activities shall be rectified to produce a dense, homogeneous base and subbase with the 

specified surface finish.  Any damage to the debonding treatment or to the applied curing 

compound shall be rectified immediately. 

Two additional test cylinders or two concrete cores per sample shall be taken for the 

assessment of compressive strength where early trafficking of the bases or subbase is 

proposed. 

Upon determination of the in situ strength of any lot, all concrete placed prior to that lot 

using the same mix may be assumed to have achieved the equivalent compressive 

strength. 

(b) Concrete Subbase Course 

With the exception of inspection and testing equipment and personnel the concrete 

subbase course shall not be trafficked until the in situ compressive strength has reached 

at least 4 MPa based on concrete cylinder testing or at least 3.5 MPa based on core 

testing.  Construction equipment and personnel may traffic the subbase for the purpose 

of applying the debonding treatment, construction of the concrete base and undertaking 

remedial works when the subbase in situ compressive strength is at least 4 MPa based 

on concrete cylinder testing or at least 3.5 MPa based on core testing. 

(c) Concrete Base Course 

With the exception of concrete saws and coring machines and personnel the concrete 

base course shall not be trafficked until the in situ compressive strength has reached at 

least 20 MPa based on concrete cylinder testing or at least 17 MPa based on core testing.  

Construction equipment and personnel may traffic the base when the base in situ 

compressive strength is at least 20 MPa based on concrete cylinder testing or at least 

17 MPa based on core testing and provided that all sealing of joints has been completed. 

Other loadings shall not be applied onto the base course concrete until the in situ 

compressive strength is at least 30 MPa based on concrete cylinder testing or at least 

26 MPa based on core testing. 

Backfill material shall not be placed against the edge of the base until the in situ 

compressive strength is at least 20 MPa and provided that all sealing of joints has been 

completed. 
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609.20 REMEDIAL WORK 

(a) Concrete Base Course 

(i) General 

Rejected slabs shall be removed and replaced. 

Replacement slabs shall be formed using hand methods and the surface of replaced 

concrete shall be textured to the same standard as the adjoining undisturbed concrete. 

Tie bars placed in hardened concrete shall develop an anchorage strength of at least 

85% of the yield strength of the bar. 

Rejected slabs shall be removed and replaced without damage to the adjacent slabs.  

Over sawing into the subbase shall be avoided. 

(ii) Localised High Areas 

Where a slab fails to meet the requirements of Clause 609.03 due to localised 

high areas, the surface shall be ground to remove the high areas.  Surface 

grinding shall not commence until the in situ strength of the concrete is at least 

4 MPa 

(iii) Removal and Replacement of Rejected Concrete 

(1) For Plain and Reinforced Base 

Dowel bars shall be installed at the existing transverse contraction joint at 

lateral spacings of 300 mm.  Any damaged tie bars shall be replaced.  A 

groove shall be formed in the top of the contraction joint to accommodate 

a cast in situ silicone seal and shall be of such depth and width to suit the 

proposed sealant. 

(2) For Continuously Reinforced Bases 

A construction joint shall be constructed in accordance with Clause 609.13 

at the junction of the existing concrete and replaced concrete. 

(iv) Unplanned Cracking of Slabs 

The Contractor shall undertake an assessment of the cracked slabs to establish 

the cause(s) of the cracks, crack width, the moisture condition of the crack and 

whether a crack is active or inactive, and submit a crack repair procedure for the 

Engineer’s approval prior to any repair works being undertaken in accordance 

with the requirements of Clause 804.  The assessment of the cracked concrete 

slab shall be undertaken by a technical specialist with a minimum of five years 
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practical experience in the diagnostic assessment and investigation of concrete 

structures. 

If the crack repairs are unsuccessful or if in the Engineer's opinion the slabs are 

irreparable the slabs shall be rejected and replaced. 

(b) Concrete Subbase Course 

(i) General 

Rejected areas shall be replaced.  Unless otherwise agreed, rejected concrete 

shall be disposed off site. 

(ii) Localised High Areas 

Where an area fails to meet the acceptance criteria of Clause 609.03 due to one 

or more localised high areas, the surface shall be ground to remove the high 

areas to allow a reassessment of the slab's surface level.  Surface grinding shall 

not commence until the in situ strength of the concrete is at least 4 MPa.  The 

texture of all machined surfaces shall be similar to the surrounding undisturbed 

surface. 

(iii) Deficient Thickness 

Where an accepted subbase area is deficient in thickness the deficiency shall be 

corrected by placing a thickened base area. 

(iv) Surface Treatment of Joints and Cracks 

The Contractor may either apply a size 7 mm bituminous seal over the entire 

subbase or treat the cracks and joints individually as specified below between 

48 and 72 hours prior to placement of base concrete.  The seal shall be applied 

in accordance with the requirements of Section 402. 

All joints shall be covered with a bitumen impregnated proprietary product which 

shall be at least 250 mm wide and shall be firmly adhered to the concrete slab.  

The surface of the material after placement shall be even and free from ripples. 

Cracks of width greater than 0.3 mm but less than 1 mm when measured 

between 7am and 9am shall be treated with an application of 

0.5 litres/square metre minimum of the pigmented wax emulsion curing 

compound.  The wax emulsion shall be applied uniformly to a cleaned surface 

for a distance of 300 mm each side of the cracks and shall be applied between 

7am and 9am. 

Cracks of width greater than 1 mm when measured between 7am and 9am shall 
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be treated as joints. 

 

609.21 SCHEDULE OF DETAILS   

 

Medium texturing should be specified for roads with speed limits of 75 km/hr or less and heavy 

texturing specified for roads with speed limits greater than 75 km/hr. 
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SECTION 701 – GUIDE POSTS 

 

701.01 DESCRIPTION 

This section covers the requirements for the supply, delivery and installation of guide posts including 

delineators. 

 

701.02 DEFINITIONS 

(a) Delineator 

Small retro reflective panel or sheeting attached to guide posts to provide a consistent 

pattern of delineation of the edges of road carriageways to aid road users during night 

time driving. 

(b) Guide Post 

Posts used to mark the edge of the road carriageway and give road users an indication 

of the approaching alignment and geometry of the road. 

(c) Rigid Guide Post 

A guide post which fractures or remains intact and horizontal when impacted. 

(d) Semi-Flexible Guide Post 

A guide post which fails by bending when impacted and can be reinstated to vertical 

position with maintenance intervention. 

(e) Flexible Guide Post 

A guide post which deflects when impacted and then returns to a vertical position, without 

maintenance intervention 

 

701.03 SUPPLY OF POSTS 

All posts shall be supplied and delivered by the Contractor. 

 

701.04 POSTS 

(a) General 

Guide posts shall be between 90 mm and 100 mm across the face visible by traffic.  The 

tops of guideposts shall be flat, the bottom ends made to suit the method of installation 

as recommended by the manufacturer. 
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Guide posts shall be straight, smooth, and structurally sound and of a shape that allows 

delineators to be permanently and securely attached.  The above ground section of each 

guide post shall be free of sharp edges and burrs and discoloration or other defects that 

may affect its appearance and/or serviceability. 

(b) Timber Posts 

Posts shall be of timber dried to equilibrium moisture content, sawn from vesi, yasi, 

kaudamu, or of pine timber pressure treated. All timber should be sawn from the sound 

truewood of mature trees and halls have the grain parallel to the length of the piece. 

Timber shall be free from insect life (white ants, borers, grubs, etc.) dead timber, cracks, 

gum veins and pockets, wavy edges and other defects. No knots shall be exposed on the 

50mm face, and any knots exposed on the 100mm face shall be round, tight, well-shaped 

and shall not exceed 20mm in size. 

Posts shall be of rectangular 100mm x 50mm nominal with all faces sawn plane and 

square. The top of post shall be cut off an angle at 30 degrees. 

Post dimensions shall be within the following limits: 

  Width  90 – 100mm 

  Thickness 45 – 50mm 

  Length  1.65 – 1.70m 

The deviation from straightness of any face shall not exceed 10mm  

(c) Other Posts 

Posts other than timber posts shall be of a type approved by the Engineer 

The supplier shall state the type of material used in manufacture of the guide posts as 

well as recommended methods of installation, anchoring depth, cleaning, removal, and 

disposal.  Test certification shall be submitted to the Engineer, addressing post strength, 

flexibility, impact performance, durability, heat resistance, fire retardant ability, corrosion 

resistance and cold resistance.  The supplier shall provide a performance guarantee 

statement clearly indicating the nature of the guarantee and the service life expectancy. 

Where a product is a FRA approved guide post product the above shall not be required. 

All types of guideposts shall respond in a safe manner when struck, and not present a 

further danger in their damaged condition. 

 

701.05 PAINTING OF TIMBER POSTS 

Before erection, each timber post shall be completely painted with a minimum of two coats of white 
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paint to meet the performance requirements of Clause 701.06 the Contractor shall submit details of 

the paint to be used for approval by the Engineer. After erection, the exposed portion of each timber 

post shall be cleaned and painted with final coat of all-weather white paint.  

  

701.06 PERFORMANCE REQUIREMENTS 

The finished surface of guide posts shall be uniform and free from discontinuities, areas of 

discoloration, blisters, runs and other surface defects which affect appearance and serviceability.  

Guide post surfaces shall be durable gloss or semi-gloss opaque white capable of being repeatedly 

cleaned.  All materials used shall retain 85% of the original colour, appearance and physical 

properties and be resistant to ultraviolet radiation for at least 10 years when exposed to all weather 

conditions experienced in Fiji. 

Guide posts shall be designed to resist bending, twisting and displacement due to wind.  They must 

be effective in resistance to vertical displacement of +5 mm for the life of the guidepost, with the 

exception of any displacement associated with impact or physical force.  Flexible guide posts shall 

return to within +5 mm of the original vertical position following impact or physical force application 

for the life of the guide post. 

 

701.07 INSTALLATION OF POSTS 

Installation of guide posts includes setting out, excavation, supply, placement, backfilling, erection, 

driving, removal and disposal of guide posts. 

Guide posts shall be, as shown on the drawings, or as specified by the Engineer.  Guide posts shall 

be placed at a uniform distance from the road pavement edge with the widest face presenting to 

oncoming traffic.  Posts shall be set into the ground so that the posts are vertical and the tops present 

a uniform profile. 

Guide posts shall be installed such that the exposed length above ground is nominally 1000 mm 

and minimum anchoring depths recommended by the manufacturer to achieve the specified 

performance requirements under service conditions.  Allowance shall be made in the height of guide 

posts above the ground for the effects of super elevation and other road geometry in order to keep 

guide posts within the range of the beam of vehicle headlights. 

Timber posts shall be set approximately 600mm into the ground in dug or drilled holes with the 

backfilling well rammed so that posts are vertical and the tops present a uniform profile. Spacing of 

posts shall be as specified in AS 1742.2 and FRA Manual of Traffic Signs and Markings, Part 1 

Section 1 Introduction. 

Non timber guideposts shall be installed as per the manufacturer’s recommendation. 

Where guide posts are to be set in the ground they shall be erected in excavated holes which are 
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subsequently backfilled and compacted to a density that is not less than that of the adjacent 

undisturbed ground. 

Guide posts shall be installed such that they effectively resist removal by persons other than 

personnel using recommended removal tools. 

Where guide posts are to be installed directly onto concrete, asphalt of any other hard wearing 

surface, the Contractor shall submit to the Engineer the details of the proposed installation method. 

i) Wire Rope Safety Barrier Installations 

Where new installations of Wire Rope Safety Barrier (WRSB) are proposed on the edge of 

shoulder, and will conflict with guide post installation locations, WRSB posts shall be 

converted into guide posts in accordance with the above product requirements.  Posts shall 

be spaced in accordance with the Drawings or the requirements of Traffic Engineering 

Manual Volume 2.  The Contractor shall submit to the Engineer the details of the proposed 

installation. 

ii) Underground Services 

Underground service locations shall be determined prior to installation of posts. 

iii) Tolerances 

Maximum installation tolerances are as follows: 

• within 3 degrees of true vertical position 

• within +5 mm across the face visible by traffic 

• within +50 mm of the uniform profile height (nominally 1000 mm) 

• within 200 mm longitudinally of the design spacing requirement and 100 mm 

transversely of the plan position with reference to the design line for the road. 

iv) Removal and Disposal of Existing Guideposts 

Existing guide posts where required, are to be removed as directed by the Engineer. 

All holes left after removal shall be backfilled and compacted to a density that is not less 

than that of the adjacent undisturbed ground, or the same characteristics of the shoulder 

material from where they were removed.  All existing guide posts removed by the Contractor 

shall be disposed of offsite.  Existing guideposts manufactured from recyclable materials 

shall be recycled. 

 

701.08 DELINEATORS 
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Delineators shall be fixed on guide posts on both sides of the carriageway, to expose to approaching 

traffic a red delineator on the left and a white delineator on the right.  

Delineators shall be either: 

(i) circular 80 mm diameter Type A corner cube retro reflectors conforming with Type ‘A’ 

delineator in AS 1906.2; or 

(ii) Class 1A retro reflective sheeting having a total minimum reflective output equivalent to 100 

cm2, as defined in AS/NZS 1906.1.  The nominal dimension of retro reflective material shall 

be 50 mm x 200 mm.  Delineators made from retro reflective sheeting shall be installed 

such that the sheeting manufacturer's preferred orientation for optimum performance is 

followed. 

Delineators shall be placed centrally between the edges of posts, with the top of the delineator 50 

mm below the top edge. Delineators shall be attached to posts following completion of final 

protective coatings by a vandal proof and weatherproof means so they can be replaced if necessary 

without damaging the post. 

 

701.09 MARKINGS – NON TIMBER POSTS 

To enable traceability of the manufacturer, each post shall be legibly and indelibly marked with the 

manufacturer’s name, date of manufacture and warranty period with lettering no greater than 10 mm 

high.  The markings shall be placed at the bottom of the guide post just above recommended ground 

level installation depth.  Guide posts shall be clearly marked to show the recommended ground level 

installation depth.  Markings shall be installed on one side of the guide post only, and remain visible 

for the full life expectancy of the guide post. 
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SECTION 702 – GUARD FENCE 

 
702.01 GENERAL 

This section covers the requirements for the supply and/or installation of steel beam guard fence 

including proprietary guard fence systems and guard fence terminals. 

 

702.02 STANDARDS 

Australian Standards are referenced in an abbreviated form (e.g. AS 1012). 

AS 1012 Methods of testing concrete 

AS 1111.1 ISO Metric hexagon bolts and screws 

AS 1112.1 ISO Metric hexagon nuts 

AS 1214 Hot dip galvanized coatings on threaded fasteners 

AS/NZS 1365 Tolerances for flat-rolled steel products 

AS 1379 Specification and supply of concrete 

AS 1391 Metallic materials - Tensile testing at ambient temperature 

AS/NZS 1554.1 Welding of steel structures 

AS/NZS 1594 Hot rolled steel flat products 

AS 1627  Metal finishing 

AS 1720.2 Timber structures – Timber properties 

AS 1742 Manual of Uniform Traffic Control Devices 

AS/NZS 1906.2 Retroreflective materials and devices for road traffic control purposes - 

Retroreflective devices (non-pavement application) 

AS 3569 Steel wire ropes – Product specification 

AS/NZS 3750 Paints for steel structures 

AS/NZS 3845 Road safety barrier systems 

AS 4100 Steel Structures 

AS/NZS 4680 Hot dip galvanized (zinc) coatings on fabricated ferrous articles 

Other Documents 

 Page  505  of  708 



Fiji Roads Authority 

 

487  

Manufacturer’s recommendations and any applicable requirements for each proprietary end 

treatment. 

702.03 DEFINITIONS 

(a) Manufacturer’s recommendations 

The specification, installation manual and drawings for a specific proprietary safety 

barrier device, prepared by or for the manufacturer, detailing the components, the 

device, and the methods and/or procedures for installation. 

(b) Nested w-beams 

Two or more steel w-beams erected together (one inside the other) to increase stiffness. 

Nested w-beams share bolts. 

(c) Definition of terms 

The meaning of terms and definitions in this section shall be as defined in AS/NZS 3845. 

(d) Snug-tight 

Is the tightness attained by at least two impacts of an impact wrench or by the full effort 

of a person using a standard podger spanner in accordance with AS 4100. 

 

702.04 ACCEPTED PRODUCTS 

Only safety barrier products approved by the FRA shall be used. 

Unless specifically noted within the relevant sub clause, the requirements of this specification 

apply to public domain and proprietary guard fence systems equally. 

Products which are discontinued and in this case including legacy products, or the manufacturer 

has identified as to be discontinued shall not be used. 

New guard fence installations shall not be connected to any products which have been 

discontinued or identified for discontinuance unless approved by the Engineer. 

All materials shall be supplied by the Contractor 

 

702.05 GUARD FENCE COMPONENTS 

(a) Identification 

Mark on any steel w-beams, posts at both ends and all plastic components of 

proprietary end treatments unobtrusively and permanently in text not more than 20 mm 

high, the following information: 
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i) name of the manufacturer 

ii) batch number, or date of manufacture 

iii) strength grade and base metal thickness of the steel w-beams. 

(b) Material test certificates 

The properties of all steel for the Works shall be evidenced by test certificates. 

The Contractor shall submit to the Engineer all test certificates related to the supply of 

steel for the Works at least 14 days prior to commencement of installation. 

All tests shall be carried out in accordance with the appropriate Australian Standard by 

officers experienced in the test methods described in the Contract, in a laboratory 

accredited by the National Association of Testing Authorities (NATA) for those test 

methods or recognised equivalent. All tests shall be endorsed in accordance with the 

NATA registration or recognise equivalent for that laboratory. 

For steel sourced outside of Australia, all tests shall be carried out in a laboratory 

accredited by and with endorsement of the relevant national accreditation authority 

which has mutual recognition arrangements with NATA.  Where the certification of the 

steel is incomplete, the Contractor shall arrange for the adequate testing to be carried 

out by a NATA accredited laboratory, or satisfactory equivalent as approved by the 

Engineer, to demonstrate compliance of the material, at the rate of one test per 1000 

lineal metres of material. 

For galvanised steel components, the Contractor shall include a manufacturer’s 

certificate of compliance certifying that the zinc coating mass is in accordance with the 

requirements of AS/NZS 4680, or, for components of proprietary end treatments, the 

manufacturer’s recommendations and any specified requirements. 

(c) Metal components 

Metal components supplied by the Contractor shall be new and conform to the 

dimensions shown on the drawings. 

(i) W-beams 

The w-beams shall be manufactured from steel which meets the requirements of 

AS/NZS 1594 Grade HA350.  

The mechanical properties of the base metal shall conform to the following 

requirements when tested in accordance with AS 1391: 

• Minimum yield strength:  350 MPa 
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• Minimum tensile strength:  430 MPa 

• Minimum elongation in 80 mm: 16% 

The base metal shall comply with the following tolerances when measured in 

accordance with the methods of AS/NZS 1365: 

• Base metal thickness:  2.7 mm  -0.10 mm, +0.21 mm  

• Mill tolerance on strip width:+2.5 mm, -0.0 mm 

• Mill camber tolerance on 2500 mm length:  10.0 mm maximum 

(ii) Steel Posts and Blocks 

Steel posts and blocks shall be manufactured from steel which meets the 

requirements of AS/NZS 1594 Grade HA250. 

The base material thickness shall be 6.0 mm 0.27 mm. 

(iii) Terminal sections 

Terminal sections and stiffener plates shall be manufactured from steel which 

meets the requirements of AS/NZS 1594 Grade HA350. 

(d) Protective treatment 

Unless stated otherwise in the manufacturer’s recommendations, the surfaces of all 

ferrous metal components including posts, blocks, beam elements, anchor plates, 

connectors and end treatment pieces must, after fabrication, be treated in accordance 

with the requirements of AS 1627 – Parts 1 and 4, and finished by hot-dipped 

galvanising in accordance with AS/NZS 4680. 

All galvanised coatings shall be smooth, adherent and free from stains, gross surface 

imperfections, markings, brand names and/or inclusions.  Appearance is of prime 

importance and colour shall be uniform. 

Hot-dipped galvanised coating on bolts, nuts and washers shall comply with AS 1214. 

Where the galvanising on guard rail or associated fittings has been damaged, the 

coating shall be repaired by regalvanising or by painting with a minimum of two coats of 

a zinc-rich inorganic paint in accordance with AS/NZS 3750.9 and one coat of aluminium 

paint. 

Where curved w-beam of less than 45 m curve radius is specified, the curving operation 

shall be carried out off site in a manner that will not result in damage to the galvanising. 

(e) Timber 
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Timber posts and blocks shall be supplied to the dimensions shown on the drawings. 

Timber posts and blocks shall be seasoned timber dried to equilibrium moisture content 

and sawn from species complying with Class 1 or 2 durability and stress grading as 

specified and in accordance with AS 1720.2. 

(f) Wire rope 

Wire rope in anchor assemblies for post and w-beam end treatments shall comply with 

the requirements of AS 3569 and the details shown on the Drawings. 

Wire rope used in proprietary devices must comply with the manufacturer’s 

recommendations. 

(g) Concrete 

Concrete for guard fence maintenance strips shall comply with the requirements of AS 

1379, and shall a have a minimum compressive strength at 28 days (MPa) of 20 MPa as 

specified in Section 601.  

 

 

702.06 MATERIAL HANDLING AND STORAGE 

The Contractor shall ensure that loading, transport, unloading, stacking and handling operations 

before and after fabrication, are carried out in such a way that items are protected from distortion 

and that galvanised surfaces are protected from damage. 

All materials and components shall be stored in such a manner that damage and corrosion are 

prevented.  Generally, storage at least 200 mm above the ground on platforms, slabs, or other 

supports under cover will be satisfactory.  Rusted or bent or damaged steel shall be rejected. 

The Contractor shall store components in such a manner that the freshly galvanised surfaces are 

protected from the attack of ‘white rust’, which can occur on freshly galvanised articles that are 

transported or stored under damp or badly ventilated conditions (including contact stacking). 

If stacks are located behind a serviceable road safety barrier system, the clear space between the 

road safety barrier system and the stack must allow for the dynamic deflection of the system and 

be at sufficient distance from the ends of the system to allow the proper functioning of the end 

treatments. 

 

702.07 CONSTRUCTION 

(a) General 

 Page  509  of  708 



Fiji Roads Authority 

 

491  

Construction of guard fence includes supply, delivery, handling and assembly of 

component and devices, setting out, and supply and installation of delineation. 

The Contractor shall plan and execute the work in a manner that prevents damage to 

underground and above ground facilities such as utilities, services, structures, 

pavements, vegetation, etc. 

The Contractor shall construct the guard fence to form a smooth line vertically and 

horizontally, when viewed along the line of the installation, free of humps, sags, or other 

irregularities, within tolerances. 

Any component of a guard fence must not be welded or flame cut in the field under any 

circumstances.  Welding and flame cutting in a workshop may be undertaken only where 

shown on the Drawings or in accordance with the manufacturer’s recommendations. 

(b) Damage 

Where the galvanising on guard fence components or associated fittings has been 

damaged, the coating shall be repaired by regalvanising or by painting with a minimum 

of two coats of a zinc-rich inorganic paint in accordance with AS/NZS 3750.9 and one 

coat of aluminium paint. 

(c) Sequence of work 

Where the guard fence is being constructed on a road open to traffic, the Contractor 

shall carry out the work so end treatments and transitions can be commissioned at the 

earliest practicable time, desirably on the day of installation.  Where this cannot be 

achieved on the day, temporary end treatments to the satisfaction of the Engineer shall 

be provided until the permanent treatment is complete. 

(d) Removal of redundant safety barrier systems 

Removal of an existing installed safety barrier system includes: 

(i) dismantling or demolition of safety barriers, transitions and end treatments; 

(ii) extracting all posts, anchors and other in-ground components and materials; 

(iii) removing all components and waste materials from the site; 

(iv) cleaning, backfilling and mechanically compacting all excavations and holes 

formed by the extraction of posts, anchors and other in-ground components and 

materials; and 

(v) stacking or disposing of components and waste materials. 
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Following the removal of all redundant posts, anchors and other in-ground components by 

extraction or excavation, the holes shall be cleaned and backfilled.  Backfilling and 

compaction of holes shall proceed in 150 mm layers using similar materials to existing 

surrounding layers. The backfill shall be compacted to not less than the density of the 

surrounding layers. 

 

702.08 INSTALLATION 

Prior to installation the Contractor shall confirm with the Engineer the required location and length 

of all guard fence. 

The guard fence shall be installed at the positions so confirmed and shall be constructed true to 

line and level. 

(a) Posts 

Posts shall be installed to the depth, line and spacing shown on the drawings, and to the 

tolerances in Clause 702.08(d). 

Posts shall be orientated to the direction of traffic as shown on the drawings. 

Posts shall be installed by driving, provided there is no distortion or damage which may 

reduce their effectiveness.  The installation must not cause any damage to the 

pavement beyond 100 mm from any part of any post, including any soil plate attached to 

the post. 

If site conditions dictate that the posts cannot be driven, then the posts shall be installed 

in holes.  The bottom of the holes shall be adequately compacted to achieve the same 

density as the surrounding soil. The posts shall be supported to true line and level while 

the holes are backfilled with clean, well-graded, non-cementitious subbase or base 

course granular material and compacted to achieve the same density as the surrounding 

soil. 

All post holes in rock shall have a 75 mm minimum clearance from the back of the post 

to the face of the hole. 

Except for anchorage posts, post holes in rock shall be backfilled with granular material. 

Other post holes shall be backfilled with selected earth, free of rock.  The backfilling 

shall be firmly compacted in layers not exceeding 100 mm compacted thickness.  Where 

posts are located in areas to be paved with concrete or premixed bituminous material, 

the backfilling of the post holes shall be finished 50 mm below the underside of such 

paving and the remaining depth of the holes shall be filled and compacted with material 

similar to the surrounding material. 
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The foundation of any post shall be deemed complying when the displacement at 

ground level does not exceed 3 mm when a 1 kN force is applied 200 mm below the top 

of the post in any direction.  For any posts failing the test, the Contractor shall take 

remedial measures and retest the rectified post plus one other similar post within 5 m. 

Prior to the installation of any w-beam barrier system where non-standard post lengths 

are required or other special measures (e.g. shallow concrete foundations) are proposed 

to be used, the Contractor shall provide details of the measures proposed and evidence 

that the effectiveness of the barrier system will be maintained, for consideration by the 

Engineer  

Alternative methods of support are not permitted.  For proprietary systems requiring 

alternative arrangement, the Contractor shall consult with and implement the 

requirements of the licensed product supplier.  The Contractor may submit proposals for 

extending the guard fence to a location where installation of the end treatment is 

feasible, or proposals for a different end treatment. 

Surplus excavated material remaining after the guard fence has been constructed shall 

be disposed of offsite by the Contractor. 

(b) W-beams 

The w-beam sections shall be lapped so that the exposed ends face away from 

near-side approaching traffic. The edges of the w-beam section or backing plate 

adjacent to posts shall be fixed in contact with the post or post blocks and all bolts shall 

be fully tightened. 

End treatments of the types specified shall be constructed in accordance with the details 

shown on the drawings. 

Posts attached to bridges and culverts shall be bolted to supporting members and/or set 

on mortar pads as shown on the drawings. 

All bolts used in guard fence construction, other than nuts on wire rope assemblies, shall 

be tightened to a snug-tight condition. 

All bolts on the traffic side of w-beam installations shall be flush with the w-beam. 

(c) End treatments 

During installation of wire ropes in the end treatments of w-beam, the Contractor shall 

ensure that no twisting of the rope occurs.  When rope assemblies are used, the nuts at 

each end of the rope shall be tightened to a minimum torque of 50 Nm on the 

assemblies or as per the manufacturer’s requirements. 
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The Contractor shall maintain tension in the wire ropes in end treatments until the Date 

of Completion, by keeping the nuts at both ends tightened to 50 Nm or to manufacturer’s 

requirements. 

(d) Tolerances 

W-beam guard fence shall be erected to the following tolerances: 

(i) Variation from true plan position of posts: ±20 mm 

(ii) Variation of line of w-beams from specified vertical profile: ±10 mm 

(iii) Variation of w-beams from specified horizontal alignment ±20 mm 

(iv) Variation of posts from vertical (measured at top of the post) ±15 mm 

(v) Orientation of block and/or post to w-beam: +0 mm, -15 mm (measured at the point of 

greatest offset between the block or post to the w-beam) 

(vi) Dimension of holes: -0 mm, +50 mm 

(vii) Top of bolt head relative to w-beam: -0 mm, +5 mm 

After installation, the top of the rail shall be within 25 mm of the specified level and 50 

mm of the specified line. Variations from specified line and level shall not occur at a rate 

exceeding 15 mm in any 5 m length. 

Notwithstanding these requirements, the line and level of the guard fence shall be 

adjusted where necessary to provide a smooth and even vertical and horizontal 

alignment. 

For proprietary systems refer to manufacturer requirements. 

(e) Barrier offsets to kerb and channel, traffic lanes and batters 

Guard fence shall be installed at the offsets shown on the drawings. The desirable level 

shall be adopted unless otherwise approved by the Engineer. 

Where practicable, w-beam guard fence should not be installed behind kerb and channel. 

Posts shall be installed such that the back of post is not less than 500 mm from hinge 

point. This also applies where a manufacturer’s proprietary system allows for installation 

at less than 500 mm from the hinge point. 

(f) Height of guard fence 

Where the face of the guard fence is erected within 0 to 1 m behind the back of kerb, the 

mounting height (vertical dimension from ground surface to centre of w-beam) shall be 

measured from the lip of kerb.  Where the face of the guard fence is erected within 1.5 
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m from edge of carriageway without kerb, the mounting height shall also be measured 

from that edge of carriageway (typically the edge line).  For distances beyond 1.5 m, the 

mounting height shall be measured from the nominal ground surface at the guard fence 

location. 

 

702.09 PROTECTION OF GUARD FENCE POSTS FOR MOTORCYCLIST SAFETY 

Where specified, steel rub rail or other proprietary under-run systems, as listed in RDN 06-04, 

shall be attached below the w-beam in accordance with the manufacturer’s recommendations and 

the following: 

 installation shall only be on nominated sections of barrier as shown on the drawings 

 rails are to be placed in line with the face of w-beam 

 rails shall be placed in accordance with the requirements for steel guard fence 

 a 50 mm gap shall be provided between the rub rail and the ground to allow for passage of 

water, litter and leaves. 

 

702.10 CERTIFICATE OF COMPLIANCE 

Further to Clause 702.08 Installation, and prior to the issue of the Certificate of Practical 

Completion, the Contractor shall arrange for a safety barrier compliance audit on all proprietary 

guard fence end treatments constructed under the Contract. The audit shall be undertaken and a 

report prepared by an appropriately qualified engineer. The Contractor shall in writing certified that 

the products have been installed in accordance with the manufacturer’s Installation Manual and 

this specification. The certification shall be provided for each end treatment installed. 

In addition, the Contractor shall complete and submit to the Engineer a signed copy of the 

Checklist / Inspection and Test Plan as per the manufacturer’s Product and Installation Manual. 

 

702.11 DELINEATORS 

The Contractor shall supply and fasten delineators to the top of the w-beam, comprising flexible 

plastic mounting brackets fitted with 100 cm2 of Class 1A retro-reflective material, as defined in 

AS/NZS 1906.2.  Delineators shall be installed in accordance with AS 1742.2 Clause 4.2.5.4(b). 

The Contractor shall arrange delineators so that vehicles approaching from either direction at night 

will only see: 

• red delineators on the left side of one-way and two-way roadways; 

• white delineators on the right side of two-way roadways; and 
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• yellow delineators on the right side of one-way roadways. 

Delineators shall not be installed on guard fence when the barrier offset is greater than 4 m from 

the traffic lane. White guide posts with delineators shall be installed in accordance with AS 1742.2 

Clause 4.2.4 – Guide Posts. 

Where guard fence delineators are required to be installed as part of the Works, they shall be 

installed in accordance with the requirements of AS 1742.2. 

 

702.12 MAINTENANCE STRIPS FOR GUARD FENCE 

The Contractor shall provide maintenance strips beneath the guard fence and terminals as 

indicated on the drawings and/or as nominated in Table 702.121. 

Table 702.121 Maintenance Strip Locations 

Location Start  End  Direction Strip Type 

Refer to Contract Specific Conditions 

Road Name   North Bound Concrete 

The concrete maintenance strip shall be placed parallel to the barrier, such that it extends a 

minimum of 300 mm clear of the rear of the post and 300 mm clear from the face of w-beam. It 

shall be constructed with minimum 2% crossfall away from the road and shall be flush with the 

adjacent ground level so the finished level does not impede road runoff. 

The concrete maintenance strip shall be placed between and around the posts to not affect the 

performance of the guard fence. 

All bedding material used for cast in place concrete construction works shall be in accordance with 

Section 301 Size 40 mm Crushed Rock Subbase. 

The concrete maintenance strip shall consist of 75 mm depth concrete. The concrete shall comply 

with the requirements of AS 1379, and shall a have a minimum compressive strength at 28 days 

(MPa) of 20 MPa as specified in Section 601. 

The edges of the infill area shall be boarded up prior to placing concrete to ensure smooth edges 

are produced.  Alternatively, the expansion joints may be sawcut to 75% of the concrete depth.  

The infill area may utilise low strength concrete (< 0.85 MPa). 

The edge board shall be placed parallel with the steel beam guard fence. The surface of the 

maintenance strip shall be finished with a wooden float to produce a lightly textured surface. 
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Where the concrete maintenance strip is adjacent to kerb or pavement, separation from the kerb 

or pavement by the use of a cork expansion joint (or approved alternative) shall be produced. Full 

depth expansion joints shall be provided perpendicular to the line of the steel beam guard fence 

200 mm each side of every post. 

The Contractor shall topsoil and grass all disturbed areas as necessary to ensure that the concrete 

maintenance strip is flush with the adjacent ground surface level. 

 

702.13 INTERACTION OF GUARD FENCE WITH EXISTING ASSETS 

The Contractor shall install the guard fence to provide for its dynamic deflection that does not 

interfere with any existing roadside furniture. 

The Contractor shall remove any existing guard fence located between existing assets, such as 

gantry legs, variable speed signs and bridge piers.  The Contractor shall allow for the interaction 

between all roadside furniture, including slip base light poles, and the guard fence by providing for 

the dynamic deflection zone or providing reduced post spacing as per the Drawings. 

The Contractor shall integrate the guard fence with any existing lengths of safety barriers 

protecting ends of bridge parapets as shown on the drawings and in accordance with Clause 

702.13. 

The Contractor shall remove and dispose of existing guide posts that conflict with a new guard 

fence, including any in front of a new guard fence located within a 4 m offset from the traffic lane 

and any behind a new guard fence greater than 4 m offset from the traffic lane, as well as bollards 

or other roadside furniture affected by the Works or where shown on the drawings or instructed by 

the Engineer. 

 

702.14 MODIFICATION TO THE GUARD FENCE AT THE INTERFACE WITH WRSB 

The Contractor shall be responsible for any alteration and/or relocation of any existing WRSB, 

including the removal and disposal of existing redundant WRSB, dismantling and reinstating 

existing WRSB (including terminals) and extension of existing WRSB (including the provision of a 

concrete maintenance strip where specified) where required and as shown on the drawings. 

The Contractor shall terminate the guard fence at the interface with the WRSB ensuring sufficient 

overlapping of systems as detailed on the drawings. 

Any variations to the interface of the guard fence with the WRSB shall be reviewed for acceptance 

by the Engineer prior to installation of the guard fence. 

The Contractor shall be responsible for the supply of all materials and labour necessary to 

undertake the modification works as specified above and as shown on the drawings. 
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702.15 ASSOCIATED PAVEMENT (SHOULDER) WIDENING 

Where specified, the Contractor shall widen the existing shoulder on the median or outer verge 

applications adjacent to locations where guard fence is to be installed, in accordance with the FRA 

Austroads Design Guide Supplements Parts 1 to 8, or as shown on the typical cross section, 

drawings or specification. 

The Contractor shall provide additional pavement between the edge of existing pavement and the 

guard fence.  The Contractor shall adopt the nominated pavement design.  Where a nominated 

pavement design has not been specified the Contractor shall construct the widening with a 

pavement that matches the existing. 

The edge of shoulder shall be saw-cut to provide a neat straight edge against which the additional 

pavement can be placed. 

Pavement layers shall be stepped a minimum 150 mm horizontally to enable new widening to be 

keyed into the existing pavement. 

 

702.16 CONCRETE 

Unless otherwise specified, and any applicable requirements for proprietary barrier systems, the 

placement of concrete shall comply with the requirements of Section 601. 

 

702.17 EXISTING SIGNS AND MARKINGS 

All existing signs that are temporarily removed or relocated during the execution of the works shall 

be reinstated to their original location as soon as practicable to ensure that adequate information is 

provided to road users.  In all cases the Contractor shall provide continuity of regulatory and 

warning signs. 

The Contractor shall reinstate all signs to a standard not less than the pre-existing condition and to 

the satisfaction of the Engineer. 

The Contractor shall reinstate any existing painted edge lines and reinstate or replace any missing 

Raised Reflective Pavement Markers (RRPMs) along the length of the Works, including RRPMs 

damaged by the installation process for the guard fence. 

 

702.18 MEDIAN CROSSINGS 

Where a median crossing is removed, the Contractor shall reinstate the median with a treatment 

consistent with the surrounding area. Any redundant median crossing signs within the Limit of the 

Works shall be removed and delivered to a storage area nominated by the Engineer. 
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Median crossings within the Limit of the Works shall be retained by the Contractor. 

Where detailed on the drawings, new median crossing points shall be constructed in accordance 

with the pavement details specified, to provide for adequate access for emergency vehicles and 

shall be integrated with the guard fence installation. 

 

702.19 EXISTING VEGETATION 

The Contractor shall ensure that the existing vegetation within the Limit of Works is not affected by 

the Works.  Areas where no works are required shall not be disturbed.  Any damage to existing 

vegetation shall be rectified immediately to the satisfaction of the Engineer. 

 

702.20 GRASSING OF DISTURBED AREAS 

(a) General 

All disturbed areas shall be topsoiled and grassed. 

All areas are to be cultivated to a minimum 50 mm depth, and moistened prior to the 

application of grass seed and fertiliser. 

Grass seed shall be applied at a rate of not less than 200 kg/Ha. Fertilizer shall be 

applied in accordance with the manufacturer’s recommendations. 

A joint inspection of all grassed areas shall be carried out between the Contractor and 

Engineer three months after sowing has taken place. 

Areas with less than 90% cover shall be re-sown by the Contractor. 

Any remedial works required are to be performed within two weeks of the date of 

inspection. 

(b) Maintenance of grassed areas 

The Contractor shall be responsible for the maintenance of grassed areas, including 

mowing, for the duration of the Defects Liability Period for the Whole of the Works. 
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SECTION 703 – ERECTIONS OF PERMANENT SIGNS 

 

703.01 DESCRIPTION 

This section covers the requirements for the handling, storage and erection of signs and supply, and 

erection of sign supports. 

 

703.02 SUPPLY OF MATERIALS AND COMPONENTS 

All signs as scheduled shall be supplied by the Contractor 

All materials, equipment and labour necessary to erect the sign, including post and fittings and 

cement or concrete for post hole backfill shall be supplied by the Contractor. 

 

703.03 TRANSPORT, HANDLING AND STORAGE OF SIGNS 

The Contractor shall collect signs and sign components from the specified storage location and 

transport them to the specified sign location. 

Signs shall be transported, handled stored in a manner that prevents damage to and deterioration 

of sign components. 

If any damage or deterioration should occur to sign components, the Contractor shall repair or 

replace the affected item.  Repairs shall restore the sign to the original condition using proprietary 

materials obtained from the sign manufacturer or alternative materials compatible with the original. 

 

703.04 CONFORMITY WITH DRAWINGS 

The sign installation shall be as described in the sign schedule and as shown on the contract 

drawings. 

If the Contractor proposes to use an alternative method of installation, the Contractor shall submit 

full details to the Engineer for approval not later than four weeks before the commencement of 

sign installation. 

 

703.05 TOLERANCES 

(a) Foundations 

The finished surface of concrete foundations shall be between 50 mm and 100 mm 

above the finished surface at the base of the sign and shall be shaped to ensure free 

drainage of water away from the base of the post. 

(b) Posts 
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i) Posts shall be straight 

ii) Posts shall be vertical with a maximum deviation of 1 in 100 

iii) Post tops shall be 50 mm  10 below the top edge of the sign 

(c) Signs 

i) Signs shall be mounted level with a maximum deviation of 1 in 100. 

ii) Signs shall be mounted symmetrically on their posts unless the drawings indicate 

that an offset is required or if directed by the Engineer. 

iii) Where the sign comprises two or more signs above each other, the individual 

sign faces shall be mounted with the adjacent edges touching unless otherwise 

shown on the sign drawings. 

iv) Sign faces shall present an even surface free from twists, cracks, indentations or 

any other faults after erection. 

 

703.06 POSTS AND FOUNDATIONS 

The required positions of all posts and signs shall be as directed by the Engineer who shall 

confirm the positions before the erection of posts commences. 

Post details shall be as shown on the Sign and Post Schedule or equivalent. 

If the Contractor proposes the use of an alternative post and sign installation, full details of the 

proposals shall be supplied to the Engineer for review not later than four weeks before installation. 

a. Steel and Timber Posts 

The Contractor shall conform to the requirements of Clause 703.04 and the Sign and 

Post Schedule (or equivalent). 

Where posts are to be mounted in sockets, the post shall be securely fixed into the 

socket by an approved vandal-proof method. 

Signs to be mounted on two or more posts shall have posts positioned such that the 

sign face is rotated away from the approaching traffic to avoid direct reflection. Posts 

shall be positioned such that the sign is rotated away from the cross section by an 

amount equal to one tenth of the width of the sign (approximately 5º). 

Posts specified as frangible hardwood shall be set at a level such that the centre of the 

lower hole of each post is 75 mm above the finished surface at the base of the post. 

b. Coatings for Sign Supports 
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Steel posts shall be hot-dip galvanized in accordance with the Australian Standard for 

Hot-dip galvanized (zinc) coatings on fabricated ferrous articles. 

c. Foundations 

All posts shall be set in concrete foundations to the depths shown in the Sign and Post 

Schedule or equivalent and with the foundation hole diameters provide in Table 

703.061: 

Table 703.061 Foundation Hole Diameter Requirements 

Foundation Hole Diameter 

Post size and type (mm) Diameter (mm) 

32 mm and 50 mm nominal bore steel 225 

80 mm to 150 mm nominal bore steel 300 

180mm x 100 mm frangible hardwood 300 

Concrete shall comply with the requirements of AS 1379, and shall a have a minimum 

compressive strength at 28 days (MPa) of 20 MPa as specified in Section 601.  

d. Posts in Sockets 

If a sign is located in a paved area or in a location where the sign may be struck by a 

vehicle, e.g.at the end of an urban median or where it may be necessary to remove the 

sign to accommodate the swept path of over-dimensional vehicles, the post should be 

inserted into a socket cast into concrete foundation.  Suitable socket sizes for posts as 

provided in Table 703.062 shall be met. 

Table 703.062 Foundation Hole Diameter Requirements 

Socket Size 

Post size (mm) Socket Size (mm) 

32 mm nominal bore tube 50 mm nominal bore tube 

50 mm nominal bore tube 65 mm nominal bore tube 

The depth of the socket should be the same as the depth in ground nominated in AS 
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1742.2:2009. 

The socket should protrude 50 mm above an earth surface or 25 mm above a paved 

surface. 

The sign post must penetrate a minimum 450 mm into the socket. 

The sign post should be securely fixed into the socket by an approved vandal-proof 

method. 

e. Backfilling of Post Holes 

i)  32 and 50 mm Nominal Bore Steel Posts 

ii) posts holes shall be back-filled with concrete with a nominal strength of 10 MPa. 

iii) 180 mm x 100 mm Frangible Hardwood Timber Posts 

iv) frangible Hardwood Posts shall be erected in accordance with the drawings 

v) post-holes for frangible hardwood posts shall be filled with a mixture of gravel 

and cement (4% by weight). 

f. FRA Approved Sign Support Systems 

Other FRA approved proprietary supports systems may be used and shall be installed in 

accordance with the manufacturer’s specifications. 

 

703.07 INSTALLATION OF SIGNS 

Installation of signs shall be in accordance with the Sign and Post Schedule. 

Fittings shall be appropriate to the size and type of sign and shall ensure that the sign face is 

securely connected to the post. 

Signs shall be attached to the post(s) or structures using the type and number of fittings as 

specified in the schedule or as Table 703.071. 

Table 703.071 Number of Fittings per Post 

Size of Sign Number of Fittings per Post 

Signs up to 200 mm in depth One 

Signs 201 to 900 mm in depth Two 

Signs 901 to 1200 mm in depth Three 
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One extra fitting shall be provided per post for each 400 mm 

increment or part thereof above 1200 mm. 

For braced signs, the sign shall be attached to the post at every intersection point between the 

sign bracing member and the post. 

Where a sign assembly consists of two or more signs, the signs shall be mounted in accordance 

with the sign assembly drawings. 

Signs shall be positioned in accordance with the following tolerances: 

  40 mm of the height specified in the Sign and Post Schedule measured from the bottom 

of the sign or sign assembly to the lip of the kerb or edge of shoulder nearest the sign; 

  100 mm of the pegged sign location or specified location. 

When a sign is to be mounted on frangible posts on a cut batter having a slope steeper than or 

equal to 2:1, the mounting height at the shorter post may be reduced providing that: 

 the uphill corner of the sign is a minimum of 800 mm above the ground; 

 the sign at the longer post is 2200 mm minimum above the ground. 

If required on the drawings sign faces shall be mounted on existing roadside poles, lighting 

columns, traffic signal pedestals.  Where a sign is to be mounted with stainless steel straps, the 

brackets shall be attached to the pole using stainless steel straps of 12 mm minimum width and a 

minimum tensile strength 6.5 kN. 

Small signs with an area of not exceeding 0.3 m² shall be attached to steel or concrete electricity 

distribution poles, tramway poles, lighting columns and signal pedestals or mast arms by banding 

or other proprietary fittings. 

Signs exceeding 0.3 m² in area may be attached to existing poles (other than electricity distribution 

poles) provided that the pole has sufficient strength to support the additional loading due to the 

sign and that special joint-use supports are used. 

If the Contractor proposes to mount a sign on an existing pole, the strength of the pole and any 

other effects of mounting the sign in this way such as fatigue and durability shall be checked by an 

experienced structural engineer. Evidence of the structural checking shall be submitted to the 

Engineer for review.  The Contractor shall obtain permission shall for use of structures which are 

not FRA property. 

Minimum lateral and vertical clearances adjacent and under the sign shall be maintained. 

Where the drawings indicate that a sign is to face oncoming traffic, it shall be mounted on posts 
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which have been rotated in accordance with the requirements of Clause 703.06(a), with the 

exception of signs mounted on structures over traffic lanes. 

Where signs are to be removed or relocated, as specified in the schedule, the Contractor shall 

dismantle and transport the signs, posts and fittings to the specified new location or as directed by 

the Engineer. Post holes shall be backfilled and compacted to the finished surface.  Relocated 

signs shall be erected in their new position as specified. 

After erection of each sign all stiffening bars are to be removed. 

Single post mounting for large signs shall be provided if required on the drawings and the 

schedule.  Such supports are not to be made as breakaway supports. 

Installation of proprietary signs approved by FRA shall be in accordance with the supplier’s 

recommendations as modified by FRA conditions of approval. 

 

703.08 MASKING OF SIGNS 

Signs, where indicated in the schedule, or where signs that have been erected but are not 

appropriate to current traffic usage, shall be masked, The Contractor shall mask the sign(s) by 

placing a porous cloth or similar covering that conceals the sign text under both wet and dry 

conditions and does not void the sign material warranty.  The masking material shall be held in 

position by wire mesh over the sign. 

Adhesive material shall only be applied to the masking material and not be applied to either the 

front or rear face of the signboard. 

The size of the masking material and its method of attachment shall be such that the sign is: 

• effectively and securely covered; 

• wholly or partly covered, as required; 

• covered at all times and under all conditions. 
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SECTION 704 – RAISED PAVEMENT MARKERS 

 

704.01 DESCRIPTION 

This section covers the supply, delivery and the fixing of both reflective and non-reflective raised 

pavement markers to asphalt, concrete or sealed pavements using epoxy adhesive or hot melt 

bitumen adhesive. 

 

704.02 SUPPLY 

All pavement markers shall be supplied by the Contractor 

 

704.03 TOLERANCES ON POSITION 

Markers shall be affixed to the pavement at the position shown on the drawings, or specified or 

directed by the Engineer within the following limits, unless otherwise specified. 

(a) Markers in Line with Broken Line Segments 

 Transverse position within 25mm of the centreline of the segments. 

 Longitudinal or position within 0.5m of the specified position. 

(b) Markers in a Longitudinal Group 

 Transverse position of the centre of each marker within 25mm of the specified 

position and within 10mm of a line joining the centres of the end markers of the 

group. 

 Longitudinal position of the end markers of the group within 0.5m of the specified 

position. 

 Spacing of markers within the group within 50mm of the specified position. 

(c) Markers Adjacent to Unbroken Line 

 Clearance to the edge of line within 5mm of that specified. 

 Longitudinal mismatch between markers in transverse pairs at barrier line not more 

than 25 mm. 

 Longitudinal position of markers within 0.5 m or 10% of the specified spacing’s 

whichever is the less. 

(d) Orientation of Reflective Markers 
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 Lower edge of the reflective face of 85° to 95° to the centreline of the roadway or 

any adjacent line. 

 

704.04 MATERIALS 

The Contractor shall supply all materials required to complete the work covered by his section, 

unless otherwise specified. 

(a) Marker 

Markers shall comply with the relevant requirement of AS 1906 Part 3 

Only markers approved for use by the FRA shall be used and all raised non reflective 

pavement markers shall be of the ultra-hard plastic type unless otherwise directed. Glass 

faced raised reflective pavement markers shall be used as indicated on the drawings 

unless specified otherwise 

(b) Adhesive 

Epoxy adhesive shall be Standard Set or Rapid Set Adhesive complying with the relevant 

requirement of AS 3554. Hot melt bitumen adhesive shall be approved by the Engineer. 

Only adhesives approved for use by the FRA shall be used 

 

704.05 MIXING EPOXY ADHESIVE 

Adhesive components shall be batched so that the mixed adhesive contains not less than 45% nor 

more than 55% by volume of either component. Before starting work each day, or when changing 

to a different batch of adhesive, a hand mixed colour standard shall be prepared for reference during 

the day.  

When machine mixing is used the mixing equipment shall use positive displacement pumps which 

proportion the two components in the specified range. At the beginning of each day and at any other 

time ordered by the Engineer, the Contractor shall check the proportion in the presence of the 

Engineer. Adhesive which has remained in the mixing head for longer than 90 seconds for rapid set 

adhesive or 180 seconds for standard set adhesive shall be discharged to waste. 

When hand-mixing is used not more than 500 g each component shall be mixed at any time. The 

components shall be mixed on a flat surface and the mixed adhesive shall be used within 10 minutes 

of the time the two components are brought together. 

Only standard adhesive shall be mixed by hand, unless the Engineer comments otherwise. 

 

704.06 PREPARING HOT MELT ADHESIVE 
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The hot melt bitumen adhesive shall be heated in accordance with the manufacture’s specification 

in a heater designed specifically for the purpose. It shall be regularly stirred in the heater during the 

laying operation to maintain uniformity of the component proportions. 

 

704.07 PAVEMENT PREPARATION 

The Contractor shall sweep or air blast each marker site as necessary to remove loose material 

before placing markers. Markers shall only be placed at locations where the pavement is free from 

dirt, oil, grease, paint or any other material which would adversely affect the bond of the adhesive 

to the pavement, unless otherwise specified.  

Unless specified otherwise, the Contractor shall clean the pavement to remove oil or grease at every 

marker site by sand blasting, chipping or burning of bitumen as appropriate to ensure that the surface 

is clean and sound 

Locations at which markers have not been placed because the pavement cannot be cleaned 

effectively shall be reported to the Engineer each day in writing who will direct the course of action 

to adopt. 

 

704.08 PLACING MARKERS 

Markers shall not be placed in any of the following circumstances: 

 When the pavement is wet 

 When the relative humidity is greater than 80% when the ambient temperature or the 

temperature of the road surface is less than 15 degrees centigrade. 

Epoxy adhesive shall be placed on the base of the marker in such quantity and manner is to 

completely cover the base of the marker and extrude slightly all round when the marker is placed on 

the road. The marker shall be then positioned correctly on the pavement and pressure shall be 

applied until the adhesive is uniformly extruded from each edge of the base of the marker shall be 

approximately 1mm. The orientation and position of the marker should then be visually checked and 

if necessary immediately corrected. 

Hot melt bitumen adhesive shall be placed on the road in the correct position and the marker quickly 

placed correctly oriented and pressed into adhesive. 

Adhesive of either type on the exposed surfaces of the marker shall be removed using soft rags 

moistened with kerosene, petrol, or mineral turpentine. Any adhesive on the pavement which might 

be obscure the reflective faces or aspect of the marker shall be removed using a square ended 

spatula or similar. 
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Where a marker is not positioned correctly within 10 seconds for hot melt bitumen adhesive, 2 

minutes for rapid set machine mix adhesive, 4 minutes for standard set machine mix or 10 minutes 

for standard set hand mix from the time mixing commences, it shall be discarded and a new marker 

placed. 

Similarly, any marker dislodged by traffic after these times up to the end of the maintenance period 

shall be removed and replaced with a new marker. 

On concrete and asphalt pavements, wherever possible markers shall be placed clear of longitudinal 

or transverse joints and on all pavements markers shall be placed clear of any surface cracks or 

positions from which markers have been removed and the surface is damaged. 

 

704.09 PROTECTION FROM TRAFFIC 

Markers shall be protected from the traffic after placing for periods not less than those shown in 

Table 704.091. 

Table 704.091 Markers Protection from Traffic 

 

Ambient 

Temperature 

(0C) 

Standard Set 

Adhesive 

(Hours) 

(Min.) 

Rapid Set Adhesive 

(Minutes) 

(Min.) 

Hot Melt Adhesive 

(Minutes) 

(Min.) 

35 1.25 25 4 

30 2 30 4 

25 3.5 35 3 

15 6 40 3 
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SECTION 705 – PAVEMENT MARKINGS 
 

PART 705.A - GENERAL 

PART 705.B - PAVEMENT MARKINGS FOR NEW WORKS 

PART 705.C - PAVEMENT MARKINGS FOR MAINTENANCE WORKS 

PART 705.D - PAINTED PAVEMENT MARKINGS 

PART 705.E - LONG LIFE PAVEMENT MARKINGS 

PART 705.A – GENERAL 

 

705. A01 GENERAL 

This section covers the requirements for materials and application of pavement markings 

including: 

(i) supply and application of pavement marking paint and glass beads, longitudinal lines, 

intersection markings and other markings on the road surface for all new installations and 

maintenance of pavement markings; 

(ii) supply and application of thermoplastic or cold-applied plastic material and glass beads, and 

pliant polymer tape for all new installations and maintenance of pavement markings; 

(iii) fixing of both reflective and non-reflective raised pavement markers to asphalt, concrete or 

sealed pavements using epoxy adhesive or hot melt bitumen adhesive. 

 

705. A02 DEFINITIONS 

(a) Pavement Marking 

The term used to define all linemarking, roadmarking and raised pavement markers. 

(b) Linemarking 

The term used to define all longitudinal lines such as centre, lane, edge, turn and 

continuity lines. 

(c) Roadmarking 

The term used to define all transverse lines and markings applied by hand such as 

Stop/Give Way lines, pedestrian lines, arrows, and legends. 

(d) Maintenance of Pavement Markings 

Refers to the refreshing or replacement of an already existing pavement marking. 

 Page  529  of  708 



Fiji Roads Authority 

 

511  

(e) New Pavement Markings 

Refers to applying pavement markings to a new surface where no pavement marking 

exists i.e. after reseals, asphalt resurfacing, newly constructed pavements, and 

modifications to existing pavement markings. 

(f) Initial Coat 

The term used to define initial coat of painted markings placed prior to the final coat. 

(g) Final Coat 

The term used to define the final application of paint. 

(h) Raised Pavement Marker 

A device placed on a pavement which may be a: 

(i) Non Reflective Marker 

A device to provide a degree of delineation during daylight owing to the contrasting 

colour, reflection and profile with respect to the pavement surface. Also a device which 

reflects ambient light during the day-time and to a limited degree when illuminated at 

night. 

(j) Reflective Marker 

A device which produces an effective point source of light at normal highway viewing 

distances by reflecting incident light in directions close to the direction from which it 

came. Also a device to provide a degree of delineation during daylight owing to the 

contrasting colour, reflection and profile with respect to the pavement surface. 

(k) Temporary Reflective Marker 

A temporary device performing the same function as a Reflective Marker but with an 

intended life of not more than two weeks under average traffic conditions. 

(l) Retroreflectivity 

A property of some materials, such as solid glass beads, to reflect incident light in 

directions close to the direction from which it came.  Retroreflectivity is the value of 

reflected light measured in millicandella / lux / square metre and is used as a measure of 

light reflected by pavement markings. 

(m) Retro reflectometer 

A device used to measure retro reflectivity. For the purpose of this contract the geometry 

of the retro reflectometer shall be based on 30 m observation geometry. 
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(n) Urban Area 

An area in which: 

(i) a speed limit of 60 kilometres per hour or less applies and is not a speed limit 

which applies only because of a temporary reason such as roadworks or a street 

event; or 

(ii) there are buildings on land next to the road or where the street lighting poles are 

not more than 100 m apart for - 

 a distance of at least 500 m; or 

 if the length of the road is less than 500 m, over the full length of the 

road. 

 

(o) Rural Area 

An area that is not an Urban Area. 

 

705. A03 STANDARDS 

The dimensions and colour of pavement markings shall conform to the following standards: 

(i) FRA Manual of Traffic Signs and Markings: Part 2 Linemarking; 

 

705. A04 INCLUSION AND DELETION OF JOB ITEMS 

(i) The Engineer may delete any work, subject to notice of deletion being given one month prior 

to the proposed programmed date. The Contractor will be notified in writing of such deletion 

and the contract sum adjusted by the price tendered in Schedule 1 for the job item(s) deleted. 

(ii) No additional payment will be made as a result of the deletion of any work or job item.  

However, where the deletion of job items results in a contract sum reduction of more than 20 

per cent of the original contract sum, the deletion of job items in excess of this amount will be 

treated as a variation in accordance with the General Conditions of Contract. 

(ii) The Engineer may request the Contractor to undertake additional pavement marking works 

at sites not listed in Schedule 1.  These works will be treated as a variation in accordance with 

the General Conditions of Contract, except that the work shall be valued using Schedule 2 – 

Rates for Variation Purposes. 

 

705. A05 MATERIALS 
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Pavement marking materials shall conform to the following standards. 

(a) Raised Pavement Markers 

(i) Raised pavement markers shall comply with the relevant requirements of AS 1906, 

Part 3  

(ii) Temporary raised reflective pavement markers shall comply with the relevant 

requirements of AS 1906, and shall be at least 100 mm in width and to a height of 

50 mm with white reflective material on both sides and include protective covers for 

the reflective material. 

(b) Adhesive 

The Contractor shall provide evidence (test results, history of satisfactory performance 

etc.)  that the proposed hot melt bitumen adhesive will permanently bond raised 

pavement markers to bituminous and concrete surfaces and perform its intended 

purpose. 

Other types of adhesive materials shall only be used with the approval of the Engineer. 

(c) Linemarking and Roadmarking Paint 

All paints shall be approved under the Australian Paint Approval Scheme (APAS).  Paint 

shall comply with the requirements of AS 4049.1 for solvent-borne paint or AS/NZS 

4049.3 for water-borne paint.  

(d) Glass Beads 

(i) Glass beads shall be used on all applications of material and for all pavement 

markings and shall conform to the requirements in AS/NZS 2009 and the 

Australian Paint Approval Scheme (APAS) Specification 0042. 

(ii) Intermix glass beads for use in long life material applications shall conform to 

AS/NZS 2009 and the Australian Paint Approval Scheme (APAS) Specification 

0042. 

(iii) The amount of heavy metals in the beads shall not be greater than that 

specified in Specification 0042. 

(iv) Pristine glass beads (Type B-HR) 

Type B-HR glass beads shall comply with the properties of Type B (AS 

2009:2006) drop-on glass beads, with an additional high performance 

retroreflectivity requirement, requiring the delivery of a minimum 450 

mcd/lux.m², when tested in accordance with a modified Appendix M* of AS 
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2009:2006 (described below). 

Section M4 Apparatus clause a) Dry film thickness of paint will be 200-250 µm 

Section M5 Procedure clause b) Weigh 24 +/- 0.5 grams of glass beads 

Section M5 Procedure clause e) Wet film thickness of paint will be 375 µm 

+/- 25 µm. 

(e) Thermoplastic Pavement Marking Material 

Thermoplastic pavement marking material used under this Contract shall comply with 

the requirements of Clause 705.A13 and shall provide a functional service life of a least 

six years allowing for fair wear and tear. 

(f) Cold-applied Plastic Pavement Marking Material 

Cold-applied plastic pavement marking material used under this Contract shall be a Poly 

Methyl Methacrylate resin based pavement marking material conforming with the colour, 

luminance and bead content requirements of Clause 705.A13 and shall provide a 

functional service life of at least six years allowing for fair wear and tear. 

(g) Pliant Polymer Pavement Marking Tape 

Pliant polymer pavement marking tape intended for use under this Contract shall be 

approved by the Engineer. 

 

705. A06 SITE PREPARATION 

Site preparation shall be the sole responsibility of the Contractor as part of the works, including: 

(i) the removal of existing unsound, obsolete or redundant pavement markings 

(ii) the removal of any foreign materials and debris within reasonable limits. 

 

705. A07 PLACING RAISED PAVEMENT MARKERS 

Markers shall be placed in accordance with the manufacturer’s specification for pavement markers 

and the adhesives used shall be in accordance with Clause 705.A05 (b). 

Adhesive on the exposed surfaces of the marker shall be removed. 

Where a new or replacement marker is not positioned correctly it shall be removed and a new 

marker placed. 

Markers shall be protected from traffic after placing and any marker dislodged by traffic shall be 

removed and replaced with a new marker. 
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On concrete and asphalt pavements, wherever possible, markers shall be placed clear of 

longitudinal or transverse joints and on all pavements markers shall be placed clear of any surface 

cracks or positions from which markers have been removed and the surface is damaged. 

 

705. A08 REMOVAL OF PAVEMENT MARKINGS 

Where required the Contractor shall remove existing pavement markings to the standard approved 

by the Engineer and appropriate to the marking being removed. 

Any pavement damage caused by the installation or removal of pavement markings included in the 

works shall be the Contractor’s responsibility.  Rectification of any pavement damage to line and 

level shall be completed on the same day in accordance with the Engineer’s requirements. 

On sections of road on which the Contractor has been directed to replace or remove raised 

pavement markers, the Contractor shall also repair damage to the pavement caused by the loss of 

pavement markers. 

 

705. A09 LAYOUT OF MARKINGS 

The Contractor shall be responsible for the layout of and spotting out for markings in accordance 

with the FRA Manual of Traffic Signs and Markings: Part 2 Linemarking. 

 

705. A10 TOLERANCES ON PAVEMENT MARKINGS 

The Contractor shall comply with the tolerances as shown in Table 705.A101 when installing 

pavement markings.
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Table 705.A101 Tolerances on Pavement Markings 

Markings Tolerance 

(A)  Pavement Markings (1) 

Distance between the centreline of the marking 

and the centreline of the set out mark 
<30 mm 

Distance between the centreline of the 

completed marking and the centreline of the 

previous marking 

<15 mm 

Width of completed painted markings ±10 mm of the specified dimensions 

Width of completed markings for long life 

materials 
0 mm to +10 mm 

Length of completed stripes and blocks 0% to +10% of the specified length 

Gap between double lines 
-10 mm to +0 mm of the required 100 mm gap 

(2) 

(B)  Raised pavement markers 

(i) Markers in line with broken segments 

 Transverse position 25 mm of the centreline of segments 

 Longitudinal position 0.5 m of the specified position 

(ii) Markers in a longitudinal group 

 Transverse position 25 mm of specified position and 10 mm of a 

line joining the centres of the end markers 

 Longitudinal position 0.5 m 

 Spacing of markers within the group 50 mm of specified spacing 

(iii) Markers adjacent to an unbroken line 

 Clearance to edge line ±5 mm of the specified dimensions 
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 Longitudinal mismatch between markers in 

transverse pairs 
<25 mm 

 Longitudinal position Lesser of:  0.5 m or 10% 

(iv) Orientation of reflective markers 
Lower edge of the reflective face at 85º to 95º 

to centreline of roadway or adjacent line 

(C)  Thermoplastic profiled lines 

(i) Tolerances on dimension 

 Line width +20 mm, -5 mm 

 Line height +2 mm, -0 mm 

 Extrusion breadth +10 mm, -0 mm 

 Extrusion spacing 15 mm 

 Extrusion shape 25 mm at any point from rectangular shape 

(ii) Tolerances on position 

 Distance between the centreline of the 

marking and the centreline of the set out 
<30 mm 

 Length of the completed lines -0% to +5% of the specified length 

 Longitudinal position of individual 

extrusions 

50 mm of any previously applied profiled lining 

(1) Apparent line of the markings is a smooth, continuous alignment when viewed in the direction 

of the line. 

(2) Maintenance of pavement markings: If the gap between the existing lines is 90 mm or less the 

gap shall not be reduced by the maintenance application. 

 

 

705. A11 PROTECTION OF WORK 

The Contractor shall be responsible for protecting the work by an appropriate means until the work 
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can be trafficked without the glass beads being disturbed from their embedded position, or the 

paint being picked up and/or spread by passing traffic.  If paint pick-up or glass bead disturbance 

does occur, the Engineer may direct that the marking be re-applied, and paint or long life material 

spread by traffic be removed. 

 

705. A12 ACCEPTANCE OF WORK 

Pavement marking shall comply with the specified requirements as detailed in the following 

clauses: 

 705.A05  Materials 

 705.A10  Tolerances on Pavement Marking 

 705.A13  Acceptance of Retroreflectivity 

 705.A14  Acceptance of Colour 

 705.D02  Minimum Requirements (for painted markings) 

 705.E02  Minimum Requirements (for long life markings) 

Where a particular item fails to satisfy any of the above requirements: 

(i) the Contractor shall rectify the failed sections within 4 weeks of testing at the Contractor’s 

expense 

 Where removal of unsuitable pavement marking is required, the method of removal shall be 

subject to the approval of the Engineer before removal works commence. 

 

705. A13 ACCEPTANCE OF RETROREFLECTIVITY 

The Contractor shall measure the level of retroreflectivity using the procedure set out in the current 

revision of VicRoads Test Method RC 424.01 – Determination of Retroreflectivity of Pavement 

Markings.  Acceptance of the retroreflectivity of any line or road marking will be based on a lot 

basis. 

The average of the six test site Site Retroreflectivity Values (SRV) shall be calculated for each lot. 

Each lot shall achieve an average minimum level of retroreflectivity as specified in Table 705.A131 

Acceptance of Retroreflectivity. 

Table 705.A131 Acceptance of Retroreflectivity 

 
Initial 

Measurement 

Additional 

Measurement 
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Testing Period (1) 3 – 5 weeks 5 – 6 months 

Minimum level of retroreflectivity on sprayed seal surfaces 350 mcd/lux/m2 220 mcd/lux/m2 

Minimum level of retroreflectivity on asphalt and all other 

surfaces 

350 mcd/lux/m2 250 mcd/lux/m2 

(1) Measured after application of the second/final coat of material. 

Measurements shall be forwarded to the Engineer no later than five days from when the 

measurements were taken. 

 

705. A14 ACCEPTANCE OF COLOUR 

White markings - the colour match test for white materials shall be based on luminance factor 

and conducted in accordance with AS 4049.4, using Field Method 2 of AS 4049.4 Appendix H4.3.  

All markings shall have a colour difference detected as whiter than Natural Colour System (NCS) 

swatch S 2000-N, at all times during the Defects Liability Period. 

Yellow markings – the colour match test for non-white (yellow) materials shall be conducted in 

accordance with AS 4049.4 using Field Method 2 of AS 4049.4 Appendix H4.3, using the 

reference swatch sample NCS S 1070-Y20R.  All yellow markings shall be an approximate match 

to Natural Colour System (NCS) swatch S 1070-Y20R, at all times during the Defects Liability 

Period. 

Measurements shall be forwarded to the Engineer upon request no later than five days from when 

the measurements were taken. 

PART 705.B – PAVEMENT MARKINGS FOR NEW WORKS 

 
705. B01 GENERAL 

This section covers the requirements for new pavement markings. 

 

705. B02 SCOPE OF WORK 

The scope of work includes the supply of all materials and placement of pavement markings in 

accordance with this specification. 

For new pavement marking the following works shall be undertaken as part of the works: 

(i) immediately prior to resurfacing, removal of any existing reflective and non-reflective markers 
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(ii) placement of temporary reflective pavement markers including removal of protective covers 

after surfacing works 

(iii) initial placement of pavement markings, including reinstatement of any adjoining pavement 

markings blackened but not necessarily covered by the surfacing activity, comprising – 

 - reinstatement and/or placement of initial coat of painted pavement markings 

 - reinstatement and/or placement of other long life pavement markings 

 - reinstatement and/or placement of raised pavement markers and removal of temporary 

raised reflective pavement markers 

(iv) final coat of all painted pavement markings 

(v) reinstatement and/or placement of profiled lines after the final coat of paint. 

 

705. B03 LIMIT OF WORK 

 For new pavement markings the limit of pavement marking works shall be the same as the limit of 

the new surfacing or as shown the drawings.  

 

705. B04 PROGRAM 

For new pavement markings the Contractor shall undertake pavement marking works in 

accordance with the following requirements. 

a) After surfacing works the initial coat of paint, long life pavement markings (other than profiled 

linemarking) and raised pavement markers (reflective and non-reflective) on newly surfaced 

pavements shall be installed in accordance with the following timeframes: 

  AADT ≥5,000 and M1, M2 roads within 24 hours of opening to traffic 

  AADT ≥1,000 and ≤4,999 within 3 days of opening to traffic 

  AADT < 1000 within 5 days of opening to traffic 

b) All new painted pavement markings shall receive two applications of paint.  The second/final 

application shall be applied between 2-6 weeks after the initial application. 

c) The Contractor shall apply profiled linemarking between 2–6 weeks after the final coat. 

d) For new works constructed clear of traffic, all pavement markings shall be completed prior to 

opening of traffic. 

 

705. B05 POSITION OF MARKINGS 
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All markings are to be set out in accordance with the dimensions and spacings as required by the 

appropriate standard in Clause 705.A03. 

 Painting/application of material shall not commence until the Engineer has inspected the set out 

and given consent to proceed, unless an exemption has been granted in writing by the Engineer. 

a) New pavement markings shall be positioned in accordance with the following requirements: 

  (i) set out by the Contractor in conformance with the appropriate standard required by 

Clause 705.A03 

  (ii) applied within the tolerances listed in Table 705.A101. 

b) Temporary Reflective Markers 

 Temporary reflective markers for new works shall be placed at the following minimum 

spacings on all longitudinal lane lines, except that on any curve less than 500 m in radius the 

spacing shall not be more than 12 metre centres: 

  AADT ≥5,000 and M1, M2 Roads 12 metre centres 

  AADT ≥1,000 and <5,000 24 metre centres 

  AADT <1,000 48 metre centres 

 

705. B06 RECORDS AND REPORTING 

(a) Job Completion Report 

For New Markings the Contractor shall complete and forward to the Engineer a Job 

Completion Report (Pavement Markings). 

(b) Retroreflectivity Report 

The Contractor shall complete and forward to the Engineer a Retroreflectivity Report in a 

form approved by the Engineer showing the level of retroreflectivity determined for each 

test lot in accordance with the requirements of Clause 705.A12. 

PART 705.C – PAVEMENT MARKINGS FOR MAINTENANCE WORKS  

 

705. C01 GENERAL 

This section covers the requirements for maintenance of pavement markings. 

 

705. C02 SCOPE OF WORK 

The scope of work includes the supply of all materials and placement of pavement markings in 

accordance with this specification. 
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Maintenance works shall entail preparing the site in accordance with Clause 705.A06 and 

refreshing the existing pavement markings with the same material as the existing markings in 

accordance with this specification. 

Existing markings which are in ‘Long-life’ i.e. thermoplastic, cold-applied plastic, pliant polymer 

roadmarking tape, or other long durability non-paint product shall not be maintained in paint, 

unless prior approval has been given by the Engineer.  Missing or badly worn long life markings 

shall be reported to the Engineer who may direct the Contractor to maintain the markings in paint. 

 
705. C03 LIMIT OF WORK 

 For the maintenance of existing pavement markings the works shall include all existing tapers, bell 

mouths at intersecting roads, pavement widening and traffic lanes.  The limits of work at typical 

intersections are shown in the Drawings. 

 

705. C04 EXCLUSION OF ROADWORKS 

For works involving the maintenance of pavement markings, the Contractor will not be responsible 

for maintaining pavement markings unless otherwise directed by the Engineer where it is evident 

that roadworks are taking place or will shortly take place which will interfere with the installation of 

the markings or which will damage the completed markings. 

The Contractor shall record the location of any road lengths not maintained and notify the 

Engineer.  The Contractor shall state the reason as to why the location is not maintained prior to 

the pavement marking work being undertaken. 

Long Life Pavement Markings that could result in thicknesses greater than 5 mm shall not be 

applied and shall be brought to the attention of the Engineer. 

 

705. C05 PROGRAM 

a) For the maintenance of pavement markings the Contractor shall submit the following 

programs as specified for review by the Engineer as part of the works. 

  (i) Within two weeks of the Date of Award of Contract, a pavement marking program for the 

whole of the works that complies with contract requirements for Road Inventory 

Information.  This program shall be reviewed and updated at least annually. 

  (ii) Based on the list of jobs requested by the Engineer, the Contractor shall submit a 

monthly detailed program of planned pavement marking jobs at least five working days 

in advance of the following month. 

   The detailed program shall be in bar chart form or other suitable form approved by the 

Engineer, including specific jobs to be undertaken with a time scale shown in days.  The 
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program shall be in sufficient detail to identify dates covering the following activities: 

    date of linemarking 

    date of roadmarking 

    dates of placement of raised pavement markers 

    date of retroreflectivity testing. 

  (iii) The Contractor shall submit a weekly program confirming the crew locations for work 

that will be undertaken in the following week. 

   All pavement markings on individual Job Items shall be completed in the programmed 

month as specified in Contract requirement. 

 

705. C06 INSPECTION AND REPLACEMENT REQUIREMENTS FOR MAINTENANCE OF 

RAISED PAVEMENT MARKERS 

For maintenance of raised pavement markers, the Engineer will conduct a routine program of 

inspections of the condition of raised pavement markers. 

From the routine program of inspections, requests for replacement of raised pavement markers 

will be made.  For the purpose of replacing raised pavement markers, the Contractor may program 

this based on a minimum run of 250 markers on urban road sections and M1 and M2 and Arterial 

class roads, and a minimum run of 125 markers on other road sections.  Valuation of these works 

will be based on rates submitted in Schedule 2 - Rates for Variation Purposes.  The Contractor 

shall replace these markers within one month of the issue of a request from the Engineer. 

 

705. C07 RECORDS AND REPORTING 

(a) Job Completion Report 

For maintenance of pavement markings the Contractor shall complete and forward to 

the Engineer a Job Completion Report (Pavement Markings) using the proforma 

included as Attachment A to this Section 705, for each job item in Schedule 1. 

The Contractor shall hold all records on electronic media in a form approved by the 

Engineer.  One electronic and one hard copy of each month’s completed work shall be 

forwarded to the Engineer together with the statement for payment under the Contract. 

(b) Retroreflectivity Report 

For both new work and maintenance of pavement markings, the Contractor shall 

complete and forward to the Engineer a Retroreflectivity Report in a form approved by 

the Engineer showing the level of retroreflectivity determined for each test lot in 
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accordance with the requirements of Clause 705.A12. 

PART 705.D - PAINTED PAVEMENT MARKINGS 

 

705. D01 GENERAL 

Linemarking shall be applied by a self-propelled machine, and stencils shall be used with all 

roadmarking. 

All work must be undertaken by an appropriately qualified and experienced contractor. 

Completed markings shall be uniform in appearance from all angles of observation, texture, width 

and thickness and the surface shall be free from streaks, overlaps, unbeaded areas, tyre marks, 

stencil breaks or other defects. Edges and cut-offs should be neat and sharp, and there shall be 

no visible run-off, overspray, dribbles, splash or spillage on to the surrounding area, or on to 

parked or passing vehicles.  The Contractor shall be responsible for the cost of removal of paint 

from such vehicles. 

Glass beads shall be applied to the paint to produce a uniform coverage and be properly 

embedded and bonded over the whole painted surface.  Glass beads shall be applied to all 

markings. 

The Contractor shall be responsible for any spillage on to the surrounding area, and cost of any 

remedial action required. 

 

705. D02 MINIMUM REQUIREMENTS 

The minimum requirements of paint and glass beads shall be as shown in Table 705.D021.  The 

Contractor shall allow for any extra material required when placing on coarse chip seals.  This 

includes the retained quantity of glass beads, to counter the phenomenon of reduced 

retroreflectivity due to road surface texture and directional visibility limitations. 

Table 705.D021 Minimum Requirements – Paint and Glass Beads 

 Paint (1) Glass Beads (2) 

Linemarking 

New Markings (initial application only) 0.22 mm dft on sprayed seals 

0.22 mm dft on asphalt and all 

other surfaces 

Type D-HR (3) 
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Re-marking (including second 

application on new markings) 

0.38 mm dft on sprayed seals 

0.35 mm dft on asphalt and all 

other surfaces 

Type D-HR (3) 

Roadmarking 

All Marking 0.35 mm dft on sprayed seals 

0.30 mm dft on asphalt and all 

other surfaces 

Type B-HR 

(1) The minimum dry paint film thickness (dft) specified above shall be the end product thickness 

measured on a 200 mm x 100 mm sheet metal test plate without beads.  Consideration shall 

be given to the texture of the road surface and the method of application used to achieve the 

requirements of this section. 

(2) A minimum of 400 g/m2 shall be retained in the painted marking for all glass beads. 

(3) An alternative glass bead application rate shall be 300 g/m2 of D-HR with a separate drop of 

200 g/m2 of B-HR provided that 75% minimum of the D-HR beads is retained at the 5 to 6 

month testing undertaken Table 705.A131.  Retention of the D-HR beads shall be 

demonstrated by photographs at each test site. 

 

PART 705.E – LONG LIFE PAVEMENT MARKINGS 
 

705. E01 GENERAL 

Long life pavement marking materials shall be prepared and used in accordance with the 

manufacturer's specification. 

All linemarking shall be applied using a self-propelled ride-on machine including Statcon marking 

unless otherwise recommended by the marking manufacturer and approved by the Engineer. 

Glass beads shall be applied to all long life markings.  Glass beads shall be sprinkled or sprayed 

on to the long life material while it is in a fluid state immediately after it has been applied to the 

pavement to ensure that the beads are embedded by a nominal 60%.  The surface beads shall be 

distributed to give a uniform coverage over the whole surface of the long life material. 

Completed markings shall be uniform in appearance, texture, width and thickness and the surface 

shall be free from blisters, air bubbles, tears, lumps, streaks, overlaps, unbeaded areas, tyre 

marks or other defects.  Edges and cut-offs shall be neat and sharp, and there shall be no visible 
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run-off, overspray, dribbles, splash or spillage on to the surrounding area, or on to parked or 

passing vehicles.  The Contractor shall be responsible for the removal of pavement marking 

material from such vehicles. 

 

705. E02 MINIMUM REQUIREMENTS 

The minimum requirements of long life materials and glass beads shall be as shown in Table 

705.E021.  The Contractor shall allow for any extra material required when placing on coarse 

sprayed / chip seals.  This includes the retained quantity of glass beads, to counter the 

phenomenon of reduced retroreflectivity due to road surface texture and directional visibility 

limitations. 

 

Table 705.E021 Minimum Requirements – Long Life and Glass Beads 

Material 
Applied Minimum Thickness, Glass Bead and Other 

Requirements 

Thermoplastic 

 sprayed markings 2.0 mm minimum thickness on longitudinal lines containing 

intermix beads and with a minimum of 400 g/m2 of Type D-HR or 

Type B-HR(3) drop-on glass beads retained on the marking surface 

 extruded line markings (1) 2.0 mm minimum thickness on longitudinal lines containing 

intermix beads and a minimum of 400 g/m2 of Type D-HR or Type 

B-HR drop-on glass beads retained on the marking surface 

 extruded road markings (1) 3.0 mm minimum thickness on intersections containing intermix 

beads and a minimum of 400 g/m2 of Type D-HR or Type B-HR 

drop-on glass beads retained on the marking surface 

 preformed markings 2.3 mm with a minimum skidding resistance value of 45 BPN 

(British Pendulum Number) and retroreflective properties agreed 

with the Engineer. 

 profiled lines (1) 8.0 mm minimum thickness with a minimum of 400 g/m2 of Type 

D-HR or Type B-HR drop-on glass beads retained on the marking 

surface 

(Table 705.E021 Minimum Requirements – Long Life and Glass Beads (continued) 

Material 
Applied Minimum Thickness, Glass Bead and Other 

Requirements 
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Cold-applied Plastic 

 sprayed line markings (2) 1.0 mm minimum thickness for longitudinal line markings only with 

a minimum of 400 g/m2 of Type D-HR or Type B-HR glass beads 

retained in and on the marking surface 

 sprayed road markings (2) 2.0 mm minimum thickness for all road markings containing 

intermix beads and a minimum of 400 g/m2 of Type D-HR or Type 

B-HR drop-on glass beads retained on the marking surface 

 trowelled, screeded, or 

extruded markings (1) 

2.0 mm minimum thickness of markings containing intermix beads 

and a minimum of 400 g/m2 of Type D-HR or Type B-HR drop-on 

glass beads retained on the marking surface 

Pliant Polymer Tape as approved by the Engineer 

(1) The minimum thickness specified shall be the height above the upper road surface level or 

above the existing marking as appropriate. 

(2) The minimum thickness specified shall be the height of the material between the glass beads on 

a metal test plate.  All other thicknesses shall be as measured on a metal test plate including 

glass beads. 

(3) Pristine drop-on Type B glass beads (Type B-HR), as per Clause 705.A05. 

 

705. E03 ADDITIONAL REQUIREMENTS FOR PROFILED LINES 

The Contractor shall provide measurements of rib height, length, width, and spacing of profiled 

lines at a minimum of 10 evenly spaced readings per kilometre or part thereof.  For lengths of less 

than 500 metres, a minimum of 2 evenly spaced readings per 100 metres shall be provided. 

The Contractor shall carry out remedial work to rectify defective sections of profiled lines where 

they: 

(a) were not installed to specified dimensions, or distorted in shape or lost shape, such that the 

height of individual extrusions is less than 8 mm above the top of adjacent road surface 

aggregate particles, over more than 10 per cent of the profiled edge lining job item; or 

(b) have shattered or no longer adhere to the road surface over more than 1 per cent of the 

profiled edge lines job item; or 

(c) have shattered or no longer adhere to the road surface over a continuous length exceeding 

5m. 
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ATTACHMENT A TO SECTION 705 

(Page 1 of 6) 

JOB COMPLETION REPORT (PAVEMENT MARKINGS) CONTRACT NO. ................... 

Job No. 

Road Name  Map Reference 

From 

 

From  Map Type  

To  Map Reference To  

Lane 

kilometres 

 Carriageway 

kilometres 

 

Responsible 

Region 

 Other Region(s)  

Municipality(ies

) 

 Connect 

Equipment No. 

FRA Use Only 

 

MABC No. 

FRA Use Only 

 Road Category  

Comments  

 

Pavement Marking 

Maintenance 

 

Paint Maintenance 

 

Treatment Material Date of Marking FRA Use Only 
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Next Schedule 

Date 

Next Program 

Date 

     

     

 

 

 

 

RPM, Including RRPM Maintenance 

 

Treatment Material Date of Marking 

FRA Use Only 

Next Schedule 

Date 

Next Program 

Date 

     

 

Long Life, RRPM Special and other Special Treatments Including Part Treatments and other 

RPM Treatments 

 

Treatment Material Date of Marking 

FRA Use Only 

Next Schedule 

Date 

Next Program 

Date 
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ATTACHMENT A TO SECTION 705 

(Page 2 of 6) 

JOB COMPLETION REPORT (PAVEMENT MARKINGS) CONTRACT NO. ................... 

Performance Reporting 

Treatment Performance Criteria Date of Testing 

FRA Use Only 

Next Schedule 

Date 

FRA Use Only 

Next Program 

Date 

Painted 

Markings 

Tolerances on 

Pavement Markings 

   

Retroreflectivity    

Daylight visibility    

Colour    

Skid Resistance    

Raised 

Pavement 

Marker 

Tolerances on 

Pavement Markings 

   

Retroreflectivity    

Daylight visibility    

Colour    

Long Life 

Markings 

Tolerances on 

Pavement Markings 

   

Retroreflectivity    

Daylight visibility    

Colour    

 Page  549  of  708 



Fiji Roads Authority 

 

531  

Skid Resistance    

 

 

The Contractor shall include in the Job Completion Report the actual status of the item compared 

to the specified requirement for that item, including: 

 tolerances on pavement markings; 

 retroreflectivity; 

 daylight visibility; 

 colour; and 

 skid resistance. 

 

 

 

I,   ..........................................................................................   certify the above details as correct. 

 (Print Name) 

 

 

 

 

  

 (Signed) 
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ATTACHMENT A TO SECTION 705 

(Page 3 of 6) 

JOB COMPLETION REPORT (PAVEMENT MARKINGS) CONTRACT NO. ................... 

 

Painted Marking 

Detail 

 

Pattern Material 

Unit of 

Measur

e 

Quantity 

Standard Stripe 100 mm  km  

Semi Barrier 100 mm  km  

Double Barrier 100 mm  km  

Edgeline 100 mm  km  

Single solid lane line 100 mm  km  

Edgeline 150 mm  km  

Single solid lane line 150 mm  km  

Single solid centreline 150 mm  km  

Continuity line 150 mm  km  

Turn lines 100 mm  m  

Lane lines 100 mm  m  

Chevron, diagonal bars or pedestrian crossing 

stripes, 600 mm 
 

m 
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Straight ahead arrow 1.4 m2 including 1500 

angle arrow 
 

each 
 

Turn arrow 1.6 m2  each  

Combination turn/straight arrow  each  

Double turn arrow 2.7 m2  each  

Combination straight/double turn arrow 3.6 m2  each  

U turn 2.7 m2  each  

Pedestrian lines 150 mm  m  

Stop lines 600 mm  m  

STATCON holding bars 150 mm wide 

600/600 line/gap 
 

Per 

block 
 

STATCON stop line 300 mm  m  

STATCON give way 300 mm wide 600/600 

line/gap 
 

Per 

block 
 

STATCON centreline 100 mm wide, usually 

30 m long 
 

m 
 

Freeway exit ramp block 1.5 m wide, usually 6 

m long 
 

m 
 

STATCON Roundabout blocks 400 mm wide 

600/600 line/gap 
 

Per 

block 
 

Special Legends 

KEEP CLEAR, including 150 mm long 

clearance bars 
 

each 
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Small Bicycle Symbol  each  

Large Bicycle Symbol  each  

Transit Lane TL  each  

Bus Lane  each  

Other    
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ATTACHMENT A TO SECTION 705 

(Page 4 of 6) 

JOB COMPLETION REPORT (PAVEMENT MARKINGS) CONTRACT NO. ................... 

 

Raised Pavement 

Marker Detail 

 

Marker Type Material 
Unit of 

Measure 
Quantity 

Raised retroreflective pavement marker 

white mono or bi-directional  

 each  

Raised retroreflective pavement marker 

white mono or bi-directional (glass faced) 

 each  

Raised retroreflective pavement marker, 

yellow, red or green, mono or 

bi-directional 

 each  

Raised non-reflective pavement marker 

(ceramic) 

 each  

Raised non-reflective pavement marker 

(ultra-hard plastic alloy) 

 each  
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Long Life Markings 

Detail 

 

Pattern 

Material 

ST sprayed thermoplastic 

ET extruded 

thermoplastic 

SCT screeded 

thermoplastic 

CA cold applied plastic 

Unit of 

Measure 
Quantity 

Standard Stripe 100mm  km  

Semi Barrier 100 mm  km  

Double Barrier 100 mm  km  

Edgeline 100 mm  km  

Single solid lane line or centreline 100 

mm 
 km  

Continuity line 100 mm  km  

Edgeline 150 mm  km  

Single solid lane line 150 mm  km  

Single solid centreline 150 mm  km  

Continuity line 150 mm  km  

Profiled lines  km  
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Turn lines 100 mm  m  

Lane lines 100 mm  m  

Chevron, diagonal bars or pedestrian 

crossing stripes, 600 mm 
 m  

Straight ahead arrow 1.4 m2 including 

1500 angle arrow  
 each  

Turn arrow 1.6 m2  each  

Combination turn/straight arrow  each  

Double turn arrow 2.7 m2  each  

Combination straight/double turn arrow 

3.6 m2 
 each  

 

ATTACHMENT A TO SECTION 705 

(Page 5 of 6) 

JOB COMPLETION REPORT (PAVEMENT MARKINGS) CONTRACT NO. ................... 

 

Long Life Markings Detail … 

continued 
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Pattern 

Material 

ST sprayed 

thermoplastic 

ET extruded 

thermoplastic 

SCT screeded 

thermoplastic 

CA cold applied plastic 

Unit of 

Measure 
Quantity 

U turn 2.7 m2  each  

Pedestrian lines 150 mm  m  

Stop lines 600 mm  m  

STATCON holding bars 150 mm wide 

600/600 line/gap 
 Per block  

STATCON stop line 300 mm  m  

STATCON give way 300 mm wide 

600/600 line/gap 
 Per block  

STATCON centreline 100 mm wide, usually 

30 m long 
 m  

STATCON Roundabout blocks 400 mm wide 

600/600 line/gap 
 Per block  

KEEP CLEAR 

including 150 mm long clearance bars 
 each  

Small Bicycle Symbol  each  

Large Bicycle Symbol  each  

Transit Lane TL  each  

Bus Lane  each  

Other    
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Traffic Signal 

Site 

 

Job Item No.    

Employer Road 

Name 

   

Intersecting Road    

Other intersecting 

Road 

   

Map Reference 

From 

 Map Type  

Responsible 

Region 

 Other Region(s)  

Municipality(ies)  Connect 

Equipment No. 

FRA Use Only 

 

MABC No. 

FRA Use Only 

 Road Category  

Comments  
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ATTACHMENT A TO SECTION 705 

(Page 6 of 6) 

JOB COMPLETION REPORT (PAVEMENT MARKINGS) CONTRACT NO. ................... 

 

Pavement Marking 

Maintenance 

Paint Maintenance 

Treatment Material 
Date of 

Marking 

FRA Use Only 

Next Schedule 

Date 

Next Program 

Date 

     

     

RPM, including RRPM maintenance 

Treatment Material 
Date of 

Marking 

FRA Use Only 

Next Schedule 

Date 

Next Program 

Date 

     

Long Life, RRPM Special and Other Special treatments including Part treatments and Other 

RPM treatments 

Treatment Material 
Date of 

Marking 

FRA Use Only 

Next Schedule 

Date 

Next Program 

Date 
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I,  .............................................................................................   certify the above details as correct. 

 (Print Name) 

 

 

 

 

 

 ..........................................................................................................  

 (Signed) 
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SECTION 801 – FOUNDATIONS FOR STRUCTURES 

  

801.01 SCOPE 

This section covers all work for foundation for structures which, within the concept of the 

Specification, shall be considered to comprise those elements of construction below the formation 

level of footings, pile caps or spread foundations, collectively hereafter referred to as the base or 

bases for structures.  

 

801.02 MATERIALS 

(a) General 

Materials used in the permanent foundation work shall comply with the relevant clauses 

in Sections 800 of the Specification. 

(b) Rock (for rock fill) 

Stones shall be hard; angular field or quarry stones of such quality that they will not 

disintegrate on exposure to water or weathering. The stones shall be free from 

overburden, shale and organic material.  Neither the breadth nor thickness of a single 

stone shall be less than one-third its length.  Not more than 10% of the total volume of 

rock fill shall consist of stones having a mass more than 5 times the mass specified.  Not 

less than 50% of the total volume of rock fill shall consist of stones larger than the specified 

mass. 

(c) Crushed stone 

Crushed stone used for the construction of crushed stone fill shall be from sound 

unweathered rock approved by the Engineer. 

(d) Granular fill 

Granular fill used for the construction of compacted granular fill shall consist of well-

graded crushed or uncrushed gravel, stone, rock fill, crushed concrete or slag or a 

combination of any of these.  It shall not contain any unsuitable material, nor have a 

soluble sulphate content exceeding 2.5g per litre. Not less than 95% of the material shall 

pass a 125 mm BS sieve and at least 90% shall pass the 75 mm BS sieve, but not more 

than 10% shall pass the 75 mm sieve. 

(e) Sand fill 

Sand use for filling of caissons and piles shall be clean, hard and free from lumps of clay, 

organic or other deleterious matter. 
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(f) Structural steel 

Steel grade shall comply with the requirements of AS/NZS3678 and specified on the 

Drawings. Fabricated sections shall comply with the details shown on the Drawings. Steel 

piles shall comply with the requirements of AS 2159 and AS 5100.3. In circumstances 

where AS 2159 and AS 5100.3 requirements differ, the requirements of AS 5100.3 shall 

take precedence over those of AS 2159.  

(g) Permanent pile casing 

The thickness of permanent pile casings that are not designed or required to assist in 

carrying loads on the Permanent Works. The casings shall be sufficiently rigid so as not 

to deform permanently or damage during handling and installation and shall remain grout-

tight. The Contractor shall determine and be responsible for the structural adequacy of 

the steel casing. The type and thickness of the steel casing shall be certified as being 

suitable for its intended purpose, which may and include providing safe access for 

personnel, resisting all superimposed loads from driving, extraction, earth and water 

pressure, and the effects of any distortion which is likely to occur to the casing.  

(h) Driven pile casing 

Driven pile shall comply with the requirements AS 2159 and AS 5100.3 and pile casings 

shall have sufficient strength to permit them being driven and not being distorted by the 

driving of adjacent piles. They shall be sufficiently watertight to prevent water leaking 

through the casing walls during the placing of concrete. In circumstances where AS 2159 

and AS 5100.3 requirements differ, the requirements of AS 5100.3 shall take precedence 

over those of AS 2159 

 

 

801.03 GENERAL 

(a) Subsurface data 

If it is found during the course of excavation that the load bearing strata differs from that 

shown on the Drawings, the Contractor shall immediately notify the Engineer. 

The Engineer shall be entitled, as often as he may deem necessary during the course of 

excavation, to call upon the Contractor to perform additional foundation investigation 

and/or tests at or below, the respective founding levels to establish safe bearing pressures 

and founding depths. 

(b) Channel Preservation 

Streamflow and preservation of marine and freshwater life shall be maintained at all times. 
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It shall be watertight, of adequate strength and shall be anchored in position to prevent 

movement. The construction, use and removal of channel shall be conducted in a safe 

manner and proper provision shall be made for the safety of all persons involved. Access 

to cofferdams, artificial islands and piling platforms shall be accomplished without 

disrupting the streamflow at the point of crossing unless otherwise specified in the Special 

Provisions. Members of the public shall be prevented from accessing the cofferdam, 

artificial islands and piling platforms.  

On completion of the Works, surplus excavated materials, including materials excavated 

from caisson compartments and piles, materials used in cofferdams and other temporary 

works, as well as in-situ material, shall be removed and disposed of by the Contractor 

down to the original bed level or such lower elevation as agreed to by the Engineer or 

required for stream channellisation works. 

 

 

801.04 ARTIFICIAL ISLANDS AND DEWATERING 

(a) Artificial Islands and Temporary Embankments 

Artificial islands and/or temporary embankments may be constructed by the Contractor to 

gain access to and for construction of pile foundations as agreed by the Engineer. 

The platform to support the material, plant and equipment shall, where necessary, be 

consolidated to provide firm support and the side slopes shall be protected against erosion 

and scour. The Contractor may use any material he deems suitable for the construction 

of the island but shall note that separate payment shall not be made for constructing the 

artificial island. 

The Contractor shall submit the following documents to the Engineer for review 

 detailed design drawings of the artificial island or temporary embankment 

 the method of construction and removal 

The method of construction and removal shall include the following 

 sequence and method of construction, dismantling and removal 

 safety procedures during construction, use and removal including delivery of 

materials and equipment for artificial island or temporary embankment 

 details of access provisions during construction, use and removal 

 emergency evacuation procedure and details of emergency equipment such as 

life-belts and boats for all stages of construction, use and removal 
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 details of the training of all personnel involved in the construction including safety 

training 

On completion of the work, the Contractor shall remove the artificial island and/or 

embankments and reinstate the site to the satisfaction of the Engineer. 

(b) Dewatering 

The Contractor shall be responsible for controlling and limiting the ingress of water into 

excavations. The preventative measures shall include the construction of proper drainage 

channels, diversion channels, sumps, the supply and operation of the necessary bailing 

and pumping equipment and the construction of suitable watertight cofferdams. 

The dewatering measures, with the exception of pumping, shall be maintained until the 

backfilling has been completed.  Between the various construction stages pumping may 

be interrupted as agreed by the Engineer.  Any draining or pumping of water form 

cofferdams or the interior of any foundation enclosure shall be done in such a manner as 

to preclude the possibility of any portion of the concrete materials being carried away. 

 

801.05 EXCAVATION 

(a) General 

This work shall include excavations, not provided for elsewhere in these Specifications, 

required for the foundations of structures as well as for the excavation required for existing 

bridges and culverts where these have to be demolished, extended or modified. 

(b) Ground surface for excavation 

Prior to commencement of any excavation, the Contractor shall notify the Engineer in 

good time to ensure that measurements, cross sections and levels of the undisturbed 

ground can be taken in order that the ground surface from which the excavation is to be 

measured can be established and agreed upon between the Engineer and the Contractor.  

(c) Excavation 

Where, in the opinion of the Engineer, the casting of concrete against the excavated earth 

faces is not permissible, or where formwork has to be provided, the extremities of the 

excavation, for purposes of measurement and payment, shall be deemed to be the vertical 

planes parallel to and 0.6 m outside the perimeter of the member for which formwork is to 

be provided. 

Where suitable stable material is encountered during excavation, that part of the trench 

or foundation pit shall be excavated to the neat dimensions of the base unless directed 
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otherwise by the Engineer. Over excavation (overbreak) in hard material shall be 

backfilled with the same class of concrete as that in the base or with mass concrete fill as 

specified or as directed by the Engineer. 

Boulders, logs or any other unsuitable material excavated shall be spoiled. When hard 

material suitable for founding is encountered at the founding level, it shall be cut and 

trimmed to a firm surface, either level, stepped or serrated, as required. Where the 

material at the founding level is soft material, or hard material that deteriorates rapidly on 

exposure, excavation to final grade and elevation shall not be made until just before the 

blinding layer is placed. 

Where, in the opinion of the Engineer, unsuitable material (as defined in Clause 202.08) 

is encountered at founding level, such material shall be removed and replaced with 

foundation fill in accordance with Clause 801.09 and as directed by the Engineer. 

(d) Classification of excavated material 

Distinction shall be made for payment purposes between excavation in hard and soft 

material.  All excavation for the foundations of structures shall be classified in accordance 

with the following classification: 

(e) Hard material 

Material which cannot be excavated except by drilling and blasting or by the use 

pneumatic tools or mechanical breakers shall be classified as hard material. 

(f) Soft material 

All material not classified as hard material shall be classified as soft material. 

(g) Blasting 

Where blasting is permitted, it shall be carried out in accordance with the requirements of 

Clause 101.24. 

(h) Deterioration of foundation excavations 

Where the bottoms or side of excavations, in which bases are to be cast, are softened 

due to negligence on the part of the Contractor in allowing storm or other water to enter 

the excavations, the softened material shall be removed and replaced with foundation fill 

as directed by the Engineer at the Contractor’s expense. 

(i) Excavation Safety 

The Contractor shall take the necessary precautions to safeguard the stability and safety 

of the excavations and adjacent structures. 
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The personal safety of any person shall not be placed in jeopardy nor shall any situation 

be allowed to arise which may result in damage of whatsoever nature. 

(j) Inspection 

No concrete shall be placed before the excavation has been properly cleaned and 

inspected and approved by the Engineer. 

 

801.06 FOUNDING LEVELS 

In consequence of possible variations of anticipated founding conditions the dimensions and 

founding levels specified or shown on the Drawings may have to be varied during construction. 

The Engineer has the full and absolute power in terms of this Contract to order such variations and 

to specify the actual founding level for each foundation fill, base, or caisson during construction and 

his decision shall be final and binding on the Contractor. 

The Contractor shall not be entitled to any additional payment in consequence of any such variation 

in the dimensions or founding depths regardless of the stage of construction at which the instruction 

to vary the dimensions or founding depths is given other than payment due for the variation in quality 

at the rates entered in the Bill of Quantities. However, if in consequence of such variation order the 

Contractor is compelled to substitute machines and equipment with other machines and equipment 

in order to successfully complete the work, the Engineer may, at his discretion, reimburse the 

Contractor for additional expenses incurred provided that the original machines and equipment were 

suited to the work required prior to the variation order being issued. 

No base or pile shall be founded unless authorised by the Engineer.  Each founding level shall be 

accurately measured and recorded. The term “founding level” used in these Specifications shall be 

deemed to have the followings meanings in respect of: 

(a) Foundation fill 

The surface of the in-situ material that has been prepared to receive foundation fill. 

 Bases: The underside of the base. 

 Piles: The underside of the under-ream, bulbous base or rock socket, the tip of 

the pile shoe or lower pile end, as relevant. 

 

801.07 UTILISATION OF EXCAVATED MATERIAL 

Excavated material and material shall, so far as it conforms with this Contract Specification, be 

utilised for backfill.  Material unsuitable for use as backfill or in excess of the quantity required to 

complete the backfill shall be spoiled or utilised as directed by the Engineer. 
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Excavated material not used for backfill or not taken to spoil but used in the construction of 

embankments or other parts of the work, as directed by the Engineer, will be paid for under 

foundation excavation as well as under the relevant item for the purpose for which it is used. 

Excavated and stockpiled material shall be deposited so as not to endanger the uncompleted 

structure, either by direct pressure or indirectly by overloading the banks contiguous to the structure 

or in any other way. 

 

 

801.08 BACKFILL AND FILL NEAR STRUCTURES 

(a) General 

In placing backfill and fill the following precautions shall be taken: 

 The material shall be placed simultaneously, in so far as it is possible to 

approximately the same elevation on both sides of an abutment, pier, or wall 

where appropriate. If conditions require placing backfill or fill appreciably higher 

on one side than on the opposite, the additional material on the higher side shall 

not be placed until authorised by the Engineer and not until the concrete has 

been in place 14 days, or until tests show that the concrete has attained sufficient 

strength to safely withstand any pressure created by the backfill or fill, or the 

method of construction. 

 The material behind abutments restrained at the top by the superstructure, e.g., 

portal type structure, shall be placed as stated on the Drawings or as directed by 

the Engineer. 

(b) Backfill 

Excavated areas around structures and structure foundations, other than at bridge 

abutments and pedestrian subways shall be backfilled with approved material in 

horizontal layers all in accordance with Clause 202.13 of this Specification. 

(c) Fill 

To prevent wedge action against the structure and adjacent slopes, the slopes shall be 

benched or serrated to a minimum of 2(H) to 1(V) or as directed by the Engineer.  In no 

case shall the toe of the adjacent fill be closer to the concrete face than the height of the 

exposed face of the abutment or wall. 

(d) Fill within restricted areas 

The portion of the fill adjacent to the abutment, retaining wall, culvert and pedestrian 
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subway concrete faces and under the concrete approach slabs, or to the extent shown on 

the Drawings, shall be termed “fill within restricted area”. 

Fill within the restricted area shall comply with the requirements of Clause 801.02 (d) 

except that it shall be compacted in accordance with Clause 202.14 of this Specification. 

In order to achieve the specified density, the Contractor shall, where necessary, import 

material of suitable quality. 

Payment in accordance with Clause 801.15 for the construction of fill within restricted 

areas shall only be made when specifically provided for in the Bill of Quantities. 

 

801.09 FOUNDATION FILL 

If it is found during the course of excavation that the material at the indicated founding depth does 

not have the required bearing capacity, the excavations shall be extended at the discretion of the 

Engineer until satisfactory founding material is encountered.  The Engineer reserves the right to 

order the Contractor to make up the difference in levels with foundation fill. 

Where the foundation fill consists of rock or crushed stone fill, it shall be constructed in accordance 

with the requirements of the Special Provisions or as directed by the Engineer. 

Foundation fill consisting of granular material shall be constructed in layers not exceeding 150 mm 

in thickness after compaction.  Each layer shall be compacted in accordance with Clause 202.14 of 

this Specification. 

Mass concrete fill to be used shall be of the class or mix as specified or directed by the Engineer. 

Unless specified or directed otherwise by the Engineer, the minimum foundation fill consisting of 

rock fill, crushed stone fill or compacted granular fill to be constructed shall be defined by a prism 

with plan area coinciding with the lower base of a truncated pyramid the sides of which slope at an 

angle of 60 with the horizontal from the underside of the footing or slab to the founding level. 

A concrete blinding of 75 mm thickness and Grade 10 concrete shall be placed underneath all bases 

except where mass concrete fill is used or where authorised by the Engineer. Where mass concrete 

is constructed under a base it shall be constructed accurately to the final levels of the underside of 

the base. 

 

801.10 GROUTING OF ROCK FISSURES 

Where specified, fissures in the rock below and around the base shall be sealed by pressure 

grouting with a neat cement or sand-cement grout with a water cement ratio as low as possible, 

consistent with adequate workability and shall be between 0.38 and 0.45.  The extent of fissuring 

shall be established by water testing under pressure. 

 Page  568  of  708 



Fiji Roads Authority 

 

550  

Holes of at least 40 mm diameter shall be drilled in positions ordered by the Engineer and grout 

pumped into these holes under suitable pressures.  Grouting shall be carried out in 3 metre stages 

to the maximum depth ordered.  Care shall be taken to avoid further fracturing of the rock strata due 

to excessive grouting pressures. 

Grouting of rock fissures shall be carried out by specialized operators with adequate experience in 

this class of work. 

The grout shall be sampled and tested for compressive strength with 75 mm cubes to demonstrate 

compliance with the minimum specified strength 

 

801.11 FOUNDATION DOWELS 

Where required, foundation dowels of the specified material, diameter and length shall be installed 

at the positions and to the dimensions shown on the Drawings or as directed by the Engineer.  After 

exposure, clearing and trimming of the rock formation, holes of not less than 40 mm diameter and 

of specified depth shall be drilled into the rock in to which the dowels shall be fox-wedged and 

grouted with a 2:1 sand: cement grout or as approved by the Engineer. 

 

801.12 FOUNDATION LINING 

Where specified or directed by the Engineer, foundation lining shall be installed as described 

hereinafter.  The Engineer shall have the right to order the use of polyethylene lining against sides 

of excavations and underside of bases and slabs in lieu of formwork and concrete blinding. 

All surfaces to be lined shall be covered with an approved sheeting to provide a clean impervious 

layer.  The material shall be sufficient strength to provide a durable working surface and to support 

the concrete and environment without tearing.  The joint between strips shall have a 150 mm overlap 

and the linings shall be held firmly in position by nails, pegs, etc. 

Polyethylene sheeting of 0.15 mm thickness is generally considered adequate for the use under 

approach slabs and bases. 

 

801.13 PILING 

(a) General 

This section covers the construction of structural piles of concrete or steel or a 

combination of these materials. 

(b) Piling layout 

The piling layout, the minimum pile size and/or capacity and acceptable type together with 

the steel reinforcement and class of concrete required shall be as detailed and specified 
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on the Drawings unless specified otherwise in the Special Provisions. 

(c) Alternative pile and pile layout designs 

Any priced Bill of Quantities submitted for alternative designs shall be compiled strictly in 

accordance with the relevant Measurement and Payment clauses of these Specifications.  

Such submissions shall be made in the manner prescribed by Article 27 of the General 

Regulations. 

Should the Contractor wish to offer alternative pile designs, he shall submit with his tender 

a detailed description of the type of pile offered and details of the proposed pile group 

layout, together with details of the method of analysis used in the design of the pile and 

pile group layout.  The type of pile offered shall be defined in terms of size, materials, 

working and ultimate load.  The average length of pile and/or of the piles per group on 

which the quantities in the Bill of Quantities for the alternative design are based shall be 

stated in each case. 

The Contractor shall price the Bill of Quantities for the original design irrespective or 

whether an alternative is offered. 

Any priced Bill of Quantities submitted for alternative designs shall be compiled strictly in 

accordance with the relevant Measurement and Payment clauses of these Specifications. 

(d) Details from Contractor 

In all cases where the choice of the type of pile to be used is left to the Contractor, full 

particulars, specifications, calculations and drawings of the piles proposed for use by the 

Contractor shall be submitted with the Tender. 

The Contractor shall submit to the Engineer, 4 weeks before any piles are driven, or holes 

formed a method statement describing on the following:  

 Details of concrete mix design to be used; 

 Details of piles and casings to be installed; 

 Details of concrete to be placed and compacted in the case of cast in-situ piles; 

 Details of reinforcing to be maintained in place during the placing and compaction of 

the concrete in cast in-situ piles; 

 Details of any temporary or permanent casings; 

 Details of bar chairs and spacers to maintain the required concrete cover 
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 Details of the methods which the Contractor will use to support the excavated pile 

shaft prior to concreting. 

 Details of requirements for verification of pile capacity and integrity testing 

(e) Plant and Equipment 

The plant and equipment used for driving, forming of holes or other methods of sinking 

piles shall be in good working order and to the Engineer’s approval.  All machinery shall 

comply with relevant legislation. 

Installation equipment shall be of such design as to ensure that piles can be installed in 

their proper position and to their correct alignment slope. 

(f) Piling platforms 

Piling platforms shall include the prepared in-situ material, or artificial islands or any 

structure, excluding the piling equipment, constructed to gain access to the pile position 

and for carrying out the piling operations. 

The foundation material required to support the piling plant and equipment shall, where 

necessary, be consolidated to provide firm support.  The Contractor may use any material 

it deems suitable for the construction of piling platforms but shall note that obstructions to 

piling encountered within the artificially constructed platform material shall not be 

measured and paid for. 

Prior to and during the course of installation of piles, the level and alignment of the piling 

frame shall be constantly checked, and any deviation immediately corrected. 

Structural piling platforms shall be rigid while floating barges used for this purpose shall 

afford sufficient stability to enable piles to be properly installed. The use of a barge in any 

waterway shall be approved by the relevant authorities. 

On completion of the piling the Contractor shall remove the artificially constructed 

platforms and reinstate the site to the satisfaction of the Engineer. 

(g) Setting out 

The Contractor shall set out the pile positions and shall stake these positions with a 

durable marker Where the level from which the piling is undertaken is above the underside 

of pile capping slab, due allowance shall be made for the offset of raking piles so that the 

pile at the underside of pile capping slab is at the correct position.  Pile positions, vertically 

and rake shall be within the tolerances given in Section 801.13 (i). 

(h) Ground surface for piling 
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Prior to commencement of any piling, the Contractor shall notify the Engineer within 48 

hours to ensure that levels of the ground surface be taken in order that the ground surface 

which the piling is to be measured be established and agreed to between the Engineer 

and the Contractor.  Where piling at a site is preceded by excavation or the construction 

of fill, the surface from which piling is to be undertaken shall be formed as near as possible 

to the underside of the pile capping slab or as directed by the Engineer. 

(i) Cast in-situ concrete piles: 

Steel Casing 

 Quality 

Steel for the casing shall be mild steel Grade 250 in accordance with AS/NZS 

3678.  

 Thickness 

If the casing is required to contribute to the strength of the Permanent Works, 

the Contractor shall determine and be responsible for the wall thickness of 

the casing and the thickness of the casing toe strengthening plate but under 

no circumstances shall the wall thickness less than 10mm. The thickness for 

that purpose shall be specified on the drawings. Notwithstanding any 

minimum thickness specified on the drawings or elsewhere in this 

Specification the Contractor shall in any case provide a casing with sufficient 

thickness to provide stability under all loads during construction including 

ground pressure and forces imposed as a result of the Contractor’s 

installation method. 

 Forming 

The casings shall be manufactured from plates rolled to circular shape or 

spirally wrapped and welded and shall be brought to the site with all shop 

welds completed. 

 Welding 

All welding shall conform to the requirements of ‘Section 810: Structural 

Steelwork’ of the Specification. 

The manufacturing shall be of sufficient accuracy to ensure that units may be 

welded together on the site without excessive tomming and propping.  

Adjacent sections of casings to be welded together shall be in good contact 

and alignment within the tolerance necessary to produce an acceptable weld 
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in terms of the welding Specification.  If the casing is to be considered as 

contributing to the permanent strength of the cast in situ concrete piles all 

joints including filed joints shall be full strength butt welds. 

If the casing is required only for the support during construction of the cast in 

situ pile the welds shall be sufficient to carry the construction loads. 

Reinforcing 

The reinforcing shall be supplied and fabricated in accordance with ‘Section 803: 

Steel Reinforcement for Structures’ of the Specification or to a relevant standards 

where different strength grade reinforcing is proposed. 

The reinforcing for each pile shall be as detailed on the drawings. Steel 

reinforcement shall be accurately maintained in position without damage to the 

sides of the hole or the reinforcing cage.  Where reinforcement is made up in 

cages, they shall be sufficiently rigid to enable them to be placed, handled and 

concreted without damage. Concrete wheel spacers approved or other types of 

spacer approval by the Engineer shall be used at minimum spacings to maintain 

the steel reinforcement at the required minimum cover  

Splicing of steel reinforcement shall be in accordance with AS 5100.5 Clause 13.1.  

The number of joints in longitudinal reinforcement shall be kept to a minimum. 

Laps shall not be permitted in sections of the pile which may form plastic hinges 

during a seismic event. 

The assembly of this additional reinforcement shall be carried out expeditiously, 

and before concreting of any specific pile commences.  If splices have to be 

provided, the longitudinal bars shall overlap in accordance with AS 5100.5 Clause 

13.1 or as required by the Engineer. 

At the lower end of the cage a circular steel band 75 mm wide by 3mm thick shall 

be fitted and welded to the vertical rods so that the cage does not drift whilst 

concrete is being placed and compacted. Mild steel spacer hoops and lifting hoops 

shall be provided to the reinforcing cage as required by the Contractor. 

If welded hoops are used and the splices are made on the cage the longitudinal 

bars shall be shielded from weld splatter. 

Concrete 

All concrete used in the pile shafts shall conform with ‘Section 804: Concrete for 

Structures’ of the Specification and shall have the minimum 28 day crushing 

strength and cement content as shown on the Drawings. The slump shall be not 
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less than 200mm to ensure that the concrete will pass through the reinforcing cage 

and form the full diameter of the pile without excessive ramming or vibration. 

Concreting of the piles shall not commence before the Engineer has given his 

permission. 

The concrete, while being designed to ensure adequate strength and durability, 

shall be sufficiently workable to enable proper placing and shall be thoroughly 

compacted by approved means.  Extraction of the temporary casing during 

concreting shall be such that no damage is caused to the pile and the advancing 

concrete level is at all times kept a minimum of two metres above the temporary 

casing’s trailing edge.  Concrete shall generally be placed in the dry, however, 

where this is not practicable it shall be placed by means of a tremie. Under no 

circumstance concrete is allowed to drop more than two metres from the face of 

fresh concrete surface. 

The requirements of Clause 804.07(d) for the placing of concrete under water shall 

apply.  In addition, the following requirements shall apply when concrete is placed 

by tremie: 

 The cement content shall not be less than 400 kg per m3 and the slump 

shall be not less than 200mm. 

 A temporary or permanent casing shall be installed to sufficient depth to 

prevent ingress of water and to provide support to the pile shaft prior to 

concreting the pile. When concreting under drilling mud, a short temporary 

casing shall be used to ensure the pile shaft is located in its correct 

position. 

 The hopper and tremie shall be a closed system through which water 

cannot penetrate. 

 The tremie pipe shall be at least 150 mm diameter for 20 mm aggregates 

and larger for larger aggregates. 

 The tremie pipe shall be sealed with a plate taped to its outlet, to prevent 

direct contact between the first discharge of concrete in the pipe of the 

tremie and the water. The tremie pipe shall extend to the base of the pile 

hole before the tremie is charged with concrete 

 Before and after placing the pile reinforcement, and prior to concreting, all 

loose material shall be removed from the pile toe by airlifting.  

 The concrete shall be placed in such a manner that mixing of water and 
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concrete is prevented. The tremie pipe shall at all times remain immersed 

in the placed concrete by at least 2 metres, until concreting of the entire 

pile shaft has been completed and any contaminated concrete on top of 

the tremied concrete has been displaced completely.  

 Concreting of that part of the pile below the water level in the casing shall 

be completed in one operation and the method of placing the concrete 

shall be maintained throughout. The concrete shall be placed without 

interruption.  

 All tremies shall be scrupulously cleaned before and after use. 

Concrete shall be placed in a manner that will prevent grout loss, 

segregation or bleeding. 

 Concrete shall be compacted to its full depth with immersion vibrators. 

Construction 

Location and Alignment 

Piles shall be located in the positions indicated on the drawing and shall be 

constructed vertical or to the required rake throughout their length.  The 

maximum tolerance for the plan position of the pile head shall be 75 mm.   

Piles shall be founded at the minimum founding depth shown on the plans, 

unless otherwise instructed by the Engineer as a result of ground conditions 

being different from that adopted for design purposes. 

Construction Method 

The Contractor shall be responsible for all measures and all expenses direct and 

indirect in constructing acceptable piles, down to the required founding level, with 

bases giving the specified bearing capacity. 

Casings 

All casings shall be installed so as to support the soils outside the pile in an 

undisturbed state. 

For permanent casings in firm cemented soils where over excavation is 

necessary to install the casing the voids between the casing and the original 

ground shall be filled by grouting or other approved means before or as the pile 

is concreted. 

For permanent casings in weaker soils the casing shall be advanced ahead of 
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the excavation to prevent a “run in” of the soils down the side of the casing. 

The Contractor shall record the level of the bottom of the casing and the bottom 

of the pile shaft excavation immediately after installation and excavation of the 

pile shaft.  

Where drilling muds are not used to support the pile shaft during excavation, it 

may be necessary to maintain a positive surcharge of water inside the casing 

during excavation and before concreting to prevent collapse of the pile shaft. If a 

“run in” occurs the Contractor shall stop work and advise the Engineer 

immediately, who will advise the necessary remedial action to be undertaken by 

the Contractor. 

When the pile has been excavated to the final founding level the base shall be 

prepared as specified on the drawings.  If no special provisions are made to 

enhance the end bearing (i.e. driven concrete plugs) the base shall be cleaned 

out and left with a clean, firm level surface for concreting. 

Tolerances 

The out-of-round tolerance of casings after installation shall nowhere exceed 25 

mm measured as the difference between any two mutually perpendicular 

diameters in the same plane at right angles to the longitudinal centreline of the 

casing.  The average of any two diameters measured as above shall not vary 

from the nominal diameter of the shell as specified in the drawings by more than 

25 mm.  The casing shall be watertight when in its final position, prior to 

concreting.  Permanent casings shall be cut off at the level specified with a 

tolerance of ± 10 mm. 

Cutting Ring 

It will be the responsibility of the Contractor to ensure that each casing can 

penetrate any materials likely to be encountered during driving, and to ensure 

that the casing does not buckle or distort excessively.  

Any sharpening or hardfacing, mild steel or hardened steel ring which may be 

added to the pile casing shall be wholly at the expense of the Contractor.  Before 

undertaking the manufacture of the casing he shall obtain the approval of the 

Engineer to the details to be adopted.  

Inspection 

Should it be necessary for any reason for personnel to descend into the pile 

excavation (including inspection and repair, etc.) the Contractor shall take 

 Page  576  of  708 



Fiji Roads Authority 

 

558  

adequate precautions as will be acceptable to the relevant Authorities and the 

Engineer to protect personnel and shall comply fully with the requirements of any 

relevant Act or Regulation. 

Disposal of bored Material and Surplus Water 

All spoil and surplus water from the boreholes and piles may, with the 

concurrence of the Contracting Authority, be discharged into the river. 

Placing Reinforcing 

Reinforcement shall not be placed in the pile shaft until immediately before 

concreting. Before the reinforcement is placed, the bottom of the hole shall be 

thoroughly cleaned of mud, and any lose or soft material. 

The reinforcement cage shall be positioned accurately in the casing to the 

approval of the Engineer to ensure that the stipulated cover to the steel 

reinforcement is maintained throughout. 

The top of the cage shall be oriented so as to provide spaces between the pile 

reinforcing for the pile cap reinforcing. 

Concreting 

If in the judgement of the Contractor, the casing can be safely dewatered it shall 

be emptied for inspection and placing of the concrete. 

Underwater concrete in pile shafts shall be placed by means of an approved 

tremie. Bottom dump buckets and concrete pumps may be used for placing 

concrete underwater in other structural foundations, subject to the approval of the 

Engineer.  

Where a bottom dump bucket is used it shall be of a type that will discharge the 

concrete symmetrically about its axis.  It shall enable fresh concrete to be placed 

directly on top of the previously placed charge of concrete and in no instance 

must the concrete be allowed to fall freely.  The top of the bucket shall be fitted 

with double overlapping canvas flaps, or other approved covers if depositing of 

concrete under water is approved. 

After concreting of the pile shaft has been completed, the top of the concrete shall 

be scabbled back to sound concrete before the remainder of the concrete is 

placed.  Concreting of the pile shaft should be done in one complete operation 

without construction joints.   

No casing installation or pile shaft excavation shall be carried out adjacent to a 

 Page  577  of  708 



Fiji Roads Authority 

 

559  

pile which had just been concreted, for a period of at least 24 hours.  

(j) Precast concrete piles 

The piles shall be reinforced or prestressed concrete and shall be manufactured, handled, 

stored and installed in accordance with AS 5100.3 unless specified otherwise in the 

Specifications. 

 Manufacture 

The piles may be manufactured in a factory or in a casting yard on the site of the 

works.  The Contractor shall ensure that the factory or casting yard is at all 

reasonable times open for inspection by the Engineer. 

The relevant requirements of Section 804 shall apply to the concrete works. 

The pile shall be cast on a rigid horizontal platform in approved moulds.  Particular 

care shall be taken to secure the reinforcement, coupler sockets and pile shoes 

accurately in position.  Adequate provision shall be made for the lifting of piles. 

Each pile shall be clearly marked with the date of casting, a reference number 

and with distance marks at meter intervals from the tip of the pile. 

Piles shall be cured for a minimum period of 7 days to develop the strength 

required to withstand, without damage to the pile, the stresses caused by 

handling, transport, storing and driving.  The piles shall be driven in order of age, 

but shall not be driven before the concrete in the pile has attained the specified 

strength nor before an age of 14 days 

 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 unequally under the weight 

of the stack of piles.  The piles shall be placed on timber supports that are truly 

level and spaced so as to avoid undue bending in the piles.  The support in the 

stack shall be located vertically above one another. 

Piles that are damaged, cracked or distorted shall be inspected by the Contractor 

in conjunction with the Engineer. The Contractor shall submit proposals for the 

rectification of any defects to the Engineer. Piles that do not meet the 

requirements of the Specification shall be rejected.  

 Lengthening of precast piles 
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Piles shall be lengthened where required by such means and methods as 

approved by the Engineer.  Care shall be exercised to ensure that the additional 

length of pile joined is truly axial to the original pile within the tolerance 

requirements for straightness of Clause 801.13(i). 

Driving shall not be resumed until the pile extension and any bonding agent used 

has attained the required strength. 

(k) Steel piles 

 Materials 

Unless otherwise described in the Contract, steelwork for piling shall comply with 

the requirements of AS/NZS 3678.  The steel piling shall be manufactured in 

accordance with the requirements of Section 801. 

 Storage and handling 

Where piles are to be stored, they shall be placed on sufficient supports on firm 

ground to avoid damage.  Packings of uniform thickness shall be provided 

between pile groups. 

Each pile shall be indelibly marked to show its identification number, grade of 

steel and length. 

 Driving 

Piles previously driven shall not be used, except with the approval of the 

Engineer, for any Permanent Work. The Engineer shall be notified 24 hours 

before the commencement of driving.  Piles shall be driven to the approved set 

or prescribed depth and in the sequence of driving approved by the Engineer.  

The set shall be taken in the presence of the Engineer unless permission to the 

contrary has been obtained in writing. 

Driving of bearing piles shall be continuous until the approved set or prescribed 

depth has been reached, except that the Engineer may permit the suspension of 

driving if he is satisfied that the rate of penetration before the suspension will be 

substantially re-established on its resumption.  

Where any pile is driven by application of the driving effort at the toe, a layer of 

dry concrete cushion between 300 mm and 600 mm thick shall be placed in the 

bottom of the pile immediately before driving. 

Where it is not possible to complete the driving within 8 hours, the pile shall be 

left for 3 days, following which another fresh dry concrete cushion between 
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300 mm and 600 mm thick shall be placed on top of the original cushion before 

re-driving. 

The ratio of the mass of the hammer to the mass of the pile shall be a minimum 

of 1. 

The maximum height of fall of the hammer shall be determined by the Contractor 

and in no case shall be greater than 3 m when driving at the toe of the pile or 2 m 

when driving at the head of the pile. 

Covers shall be securely fastened over the tops of shell piles until the concrete 

core has been placed for safety purposes and to prevent the entry of foreign 

materials.  Covers may be removed only for the purpose of placing reinforcement 

and concrete. 

 Lengthening of piles 

Full penetration butt welds shall be used for all joining and lengthening in 

accordance with AS/NZS1554.3 or as specified on the drawings.  All piles shall 

be from the same rolling wherever practicable to facilitate welding.  Sections to 

be jointed shall be maintained in true alignment and position.  After welding, the 

affected areas shall be thoroughly cleaned and protected in the same way as 

adjacent surfaces. 

Longitudinal seam welds and spiral seam welds of lengths of tubular piles shall 

wherever possible be evenly staggered, but if, in order to achieve a satisfactory 

match of the ends of piles or the specified straightness, the longitudinal seam or 

spiral seams are brought closely to one alignment at the joint then they shall be 

staggered by at least 100 mm. 

 Surplus length of piles 

Any length of piles surplus to that required in the Contract shall be cut off and 

removed. 

 Tolerances 

All steel piles shall conform to the tolerances specified in Clause 801.13(i) of the 

specification. 

(l) Driving 

 Installation Equipment 

Piles and pile casings shall be driven with a gravity hammer, rapid action power 

hammer or by other approved means. Prestressed concrete piles shall be driven 
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with a hammer of mass at least equal to that of the pile.  Other piles shall 

preferably be driven by a hammer with similar mass characteristics.  The hammer 

shall not, during driving operations, damage any permanent component of the 

pile. Pile driving leaders shall be constructed by such a manner as to afford 

freedom of the movement of the hammer and shall be held in position to ensure 

adequate support of the pile or pile casing during installation. Inclined leaders 

shall be used to install raked piles. 

The head of precast concrete piles shall be protected with packing of 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 provided with a dolly of hardwood or 

other material not thicker than the width of the pile. 

 Water Jetting 

The Contractor may employ water jetting to install piles in granular material. 

Jettings shall be discontinued prior to the leading end of the pile having reached 

a depth of 80 per cent of the anticipated final depth as agreed with the Engineer.  

After jetting, piles or their casings shall be driven to the required depth, level or 

set. 

 Installation sequence 

Unless otherwise specified or ordered, the sequence of installing piles shall be 

the responsibility of the Contractor.  However, the sequence of 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 centre of the group and be 

progressively extended to the perimeter piles unless otherwise agreed to by the 

Engineer. 

The installation of piles shall be taken in such a manner that structural damage, 

distortion or positioning defects are not caused to previously installed piles or 

casings. 

 Heaving of piles 

In soils of which the installation of piles may cause previously installed piles to 

heave, accurate level marks shall be placed on each pile immediately after 

installation and all piles that have heaved shall be redriven to the required 

resistance, unless redriving tests on neighbouring piles have shown this to be 

unnecessary.  Piles shall not be concreted nor shall any pile capping slab be 

constructed until the piles within a heave influence zone have been redriven as 
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required. 

(m) Augering and boring 

 Auger and bore holes 

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 the site. 

Holes shall be cleaned after auguring and boring to obtain a clean and level 

surface. 

Suitable casing shall be installed in those portions of the augered holes where 

the sides are in danger of caving in before concreting is completed. 

During extraction of the casing care shall be exercised to avoid lifting of the 

concrete and damage to the pile. 

The use of water for augering and boring holes or for any other purpose where it 

may enter the hole shall not be permitted.  Surface water shall not be allowed to 

enter the hole. 

 Inspection of preformed holes 

The provision and operation of equipment for the inspection of pile shafts shall 

comply with the requirements of AS 2159 and AS 5100.3. 

Immediately before the reinforcement is to be installed or the concrete to be 

placed, the Engineer shall be informed so that he may inspect the pile holes 

and/or check that all loose material has been removed from the pile toe.  

(n) Rock sockets 

Where required, rock sockets to the required dimensions shall be formed in rock formation 

of adequate strength, quality and thickness to transmit the specified load. The Engineer 

shall determine the founding level for all piles with rock sockets.  

(o) Obstructions 

Definitions 

 Identified Obstructions 

Identified obstructions shall mean any obstruction that has been described on the 

Drawings or in the Special Provisions and for which provision for payment for 

penetrating the obstructions has been made in the Bill of Quantities. 

 Unidentified obstructions 
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Where provision has been made in the Bill of Quantities for penetrating identified 

obstructions and obstructions not described are encountered, such obstructions 

shall be classified as unidentified obstructions and paid in accordance with 

Clause 801.15 subject to the condition that the rate of penetration drops to below 

that achieved for identified obstructions when using the same methods and effort, 

or subject to additional methods and effort over and above those required for 

identified obstructions being required to penetrate the obstruction 

OR 

Where no provision is made in the Bill of Quantities for penetrating identified 

obstructions and obstructions are encountered and, after resorting to the methods 

specified in the submission in terms of Clause 801.13(d), it is found not possible 

to form the holes in the proper position, inclination and depth, and the Contractor 

has to resort to additional methods to successfully form the pile holes, such 

obstructions shall be classified as unidentified obstructions. 

Classification of materials 

For piling only the following classification of materials shall apply to the identification 

and description of obstructions. 

 Matrix 

The matrix shall compromise that part of the material with a particle size that will 

pass through a sieve with 50 x 50 mm openings. 

 Coarse gravel 

Coarse gravel shall compromise that part of the material (stones, pebbles, 

cobbles, etc.) that will pass through a 200 x 200 mm opening, but will not pass 

through a 50 x 50 mm opening. 

 Boulders 

Boulders shall mean any rock mass of at least Class R1 rock hardness that will 

pass through a square opening of dimension equal to the maximum size boulder 

specified in the Bill of Quantities but will not pass through a 200 x 200 mm 

opening. 

 Rock formation 

Rock formation shall be any rock of at least Class R1 rock hardness that will not 

pass through a square opening of dimension equal to the maximum boulder 

specified in the Bill of Quantities. Where a boulder is cut through and part thereof 
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is left imbedded in the wall of the hole, such bolder obstruction shall be classified 

as rock formation. 

For the identification of rock in terms of this clause, the classification in Table 801.131 shall apply. 

Table 801.131 Rock Classification 

Description of Hardness 

Class 

 

Description Field Indicator Tests Unconfined 

Compression 

Strength (MPa) 

R1 Very soft rock Material crumbles under firm 

(moderate) blows with a sharp end of 

geological pick and can be peeled off 

with a knife; it is too hard to cut a 

triaxial sample by hand 

0.7 to 3.0 

R2 Soft rock Can just be scraped and peeled with 

a knife; indentations 1mm to 3mm 

show in specimens with firm 

(moderate) blows of the pick point 

3.0 to 10.0 

R3 Hard rock Cannot be scraped or peeled with a 

knife; specimen can be broken with 

hammer end of a geological pick with 

a single firm (moderate) blow 

10.0 to 20.0 

R4 Very hard rock Hand-held specimen breaks with 

hammer end of pick under more than 

one blow 

20.0 to 70.0 

R5 Extremely hard 

rock 

Specimen requires many blows with 

geological pick to break through 

intact material 

More than 70.0 

Driven displacement and prefabricated piles 

Where obstructions make it difficult to install driven displacement and prefabricated 

piles on the position and inclination shown and to the proper lengths by the methods 

specified in the submission in terms of Clause 801.13(d), the Contractor shall resort to 

additional methods feasible to the pile type.  If it is not possible to successfully install 

any pile after resorting to such methods, the Engineer may order an additional pile or 
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piles to be installed.  All such work and additional piles shall be paid for in accordance 

with the tendered rates where these are applicable. 

(p) Determination of pile length 

The design of the piles, and pile groups, and quantities in the Bill of Quantities are based 

on subsurface data gathered during geotechnical investigation of the sites.  Such data is 

available for inspection and/or copying on request to the Contracting Authority or the 

Engineer during the Tender period. 

The Engineer will determine the depth of piles as work proceeds. 

Should there be variations in the subsurface conditions as regards materials and height 

of 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 depth determined by the Engineer, he shall have the right to vary the length 

of pile to reach a founding depth at which he is willing to guarantee the load bearing 

capacity of the pile.  The length of pile installed is paid for at the tendered rates. 

The Engineer may require additional foundation investigation under Clause 801.13(a) 

and/or piles to be test loaded in accordance with Clause 801.13(u) in order to determine 

final pile length and foundation levels. 

(q) Piling records 

Pile driving records shall be in accordance with AS 2159 Clause 7.7. Records of the 

information listed hereunder shall be kept for each pile installed in a form prescribed by 

the Engineer. 

Driven Piles 

 Date of driving 

 The effort used to drive the pile and the resistance to penetration at founding 

 Details of the number of blows required to achieve each 0.5 m penetration over 

the full length of each individual pile. 

 Manufacturing lot number and date of casting of the pile as well as the permanent 

casing if used. 

 An individual ‘set card’ for each pile driven taken at the pile founding level which 

shows the final set and temporary compression values. 

 The maximum working load of the pile 

 Page  585  of  708 



Fiji Roads Authority 

 

567  

 The length of the pile and the accuracy of installation in respect of position and 

inclination. 

Bored Piles 

 Pile diameter, method of supporting pile shaft, length and thickness of any 

casings 

 Pile toe level on completion of excavation 

 Pile toe level immediately prior to concreting after ‘air lifting’ 

 Full records of concreting operation times, batch size placed, height of shaft 

concreted per batch, volume placed in complete shaft 

 Date/time pileshaft excavation commenced and completed length of pileshaft 

excavated per shift, nature of material excavated. 

 A sonic logging tube or tubes shall be installed and securely attached to the 

reinforcement cage. The diameter and construction of the tubes shall be 

determined by the Contractor nominated Specialist consultant, which shall be 

provided to the Engineer for approval. 

(r) Reinforcement 

The reinforcement for the tops and toes of the piles will be scheduled on the Drawings 

showing the number, size, type and arrangement of the bars. 

(s) Cutting Back Piles 

Precast piles shall be installed at a level of at least 1.0 m above the cut-off level.  The 

excess concrete shall be cut back such that the remaining sound concrete will project 75 

mm into the pile capping slab. 

The stripping-off of the concrete shall be performed in such a manner so as to avoid 

damaging the pile below the cut-off level.  In the case of such damage or defective 

concrete in the completed pile, the damaged/defective concrete shall be cut away and 

made good with new concrete well bonded to the old concrete or the pile shall be replaced 

as directed by the Engineer at the Contractors cost. 

The main reinforcement from the piles shall extend a minimum of 40 bar diameters beyond 

the cut-off level into the pile capping slab.  This reinforcement shall be left straight unless 

otherwise detailed or directed by the Engineer. 

The “cut-off” level for steel piles shall be deemed to be a level 150 mm above the 

underside of the pile capping slab. 
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Concrete cast in place piles shall be broken back to sand concrete, prior to start of 

construction of the base or pile cap. 

(t) Construction of pile capping slab 

The Contractor shall not be permitted to construct the pile capping slab before the 

Engineer has confirmed in writing that all relevant load testing has been completed and 

the piles have been accepted. 

(u) Construction and Testing of Trial Pile 

General 

A trial pile, of specified diameter, shall be constructed and tested over water using 

the same plant and methods to be used for constructing the Permanent Works piles 

over water. The location of the trial pile shall be applied by the Engineer prior to its 

construction. The trial pile to be tested shall include a rock socket and shall be tested 

prior to commencement of construction of the Permanent Works piles. On 

completion, the test pile shall be capped above HHWL and will be left as a mooring 

dolphin. The trial pile shall be tested to 2.5 times the Design Working Load of 7500 

kN. 

The procedure for test loading a trial pile shall comply with the requirements specified 

hereinafter.  During the period of testing, construction activities that may adversely 

influence the testing will not be permitted. 

The Contractor shall provide the necessary plant, equipment, instruments and labour 

to carry out the test and to determine accurately the settlement of the piles under 

each increase or decrease of load.  The plant, equipment and instruments used and 

the testing procedure is to be to the approval of the Engineer and shall be in 

accordance with the ‘Specification for Piling and Embedded Retaining Walls’, ICE, 

Thomas Telford, 1996, unless otherwise stated herein. 

Loads shall be measured within an accuracy of 2%.  Settlements shall be measured 

within an accuracy of 0.10 mm. 

The Contractor shall obtain the approval of the Engineer to the method of 

construction and testing of the Trial Pile prior to the start of its construction and shall 

give the Engineer at least 24 hours’ notice of the commencement of the test. 

Test Procedure 

The full test load shall be 2.5 times the working load (as indicated on the Drawings) 

unless otherwise specified by the Engineer. 
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Loading and unloading shall be carried out in the stages shown in Table 801.132. 

Following each increment or decrement of load, the load shall be held for not less 

than the period shown in Table 801.132 or until the rate of settlement or recovery is 

less than 0.1 mm/h and slowing down for loads up to 150% of the Working Load. For 

loads greater than 150% of the Working Load the load shall be applied for the 

minimum hold time specified. 

Observations or settlements at constant load shall be made immediately on reaching 

the load, at 5 minute intervals for the first 15 minutes, thereafter at 15 minute intervals 

for the first hour and at 30 minute intervals for the next 3 hours and then at hourly 

intervals. 

Table 801.132 Loading and Unloading time 

Load as % of Working 

load 

Minimum time of holding 

load 

25 1 h 

50 1 h 

75 1 h 

100 24 h 

75 10 min 

50 10 min 

25 10 min 

0 1 h 

25 10 min 

50 10 min 

75 10 min 

100 1 h 

125 1 h 

150 6 h 

175 1 h 

200 6 h 

225 1 h 

250 6 h 

175 10 min 
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Load as % of Working 

load 

Minimum time of holding 

load 

150 10 min 

125 10 min 

100 10 min 

75 10 min 

50 10 min 

25 10 min 

0 12 h 

Presentation of the results 

Within 24 hours of completion of the test, the Contractor shall submit to the Engineer 

a complete record of each pile test.  This shall include all the test readings, and 

graphs of load against time, settlement against time and load against settlement. 

(v) Load Testing of Works Piles 

General 

A Works Pile, of specified diameter, shall be selected by the Engineer for testing by 

the Contractor. The load test shall be carried out to a maximum test load of 1.5 times 

the Working Load of 3250 kN. 

The procedure for test loading a trial pile shall comply with the requirements specified 

hereinafter.  During the period of testing, construction activities that may adversely 

influence the testing will not be permitted. 

The Contractor shall provide the necessary plant, equipment, instruments and labour 

to carry out the test and to determine accurately the settlement of the piles under 

each increase or decrease of load.  The plant, equipment and instruments used and 

the testing procedure is to be to the approval of the Engineer and shall be in 

accordance with the ‘Specification for Piling and Embedded Retaining Walls’, ICE, 

Thomas Telford, 1996, unless otherwise stated herein. 

Loads shall be measured within an accuracy of 2%.  Settlements shall be measured 

within an accuracy of 0.10 mm. 

The Contractor shall obtain the approval of the Engineer to the method of load testing 

and monitoring prior to the start of load testing and shall give the Engineer at least 

24 hours notice of the commencement of the test.  
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Test Procedure 

The full test load shall be 1.5 times the working load (as indicated on the Drawings) 

unless otherwise specified by the Engineer. 

Loading and unloading shall be carried out in the stages shown in Table 801.133. 

Following each increment or decrement of load, as a minimum the load shall be held 

for not less than the period shown in Table 801.133. Testing shall continue until the 

rate of settlement or recovery is less than 0.1 mm/h and slowing down. 

Observations or settlements at constant load shall be made immediately on reaching 

the load, at 5 minute intervals for the first 15 minutes, thereafter at 15 minute intervals 

for the first hour and at 30 minute intervals for the next 3 hours and then at hourly 

intervals. 

Table 801.133 Loading and Unloading Schedule for test procedures 

Load as % of Working load Minimum time of holding 

load 

25 1 h 

50 1 h 

75 1 h 

100 24 h 

75 10 min 

50 10 min 

25 10 min 

0 1 h 

25 10 min 

50 10 min 

75 10 min 

100 1 h 

125 1 h 

150 6 h 

125 10 min 

100 10 min 

75 10 min 
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Load as % of Working load Minimum time of holding 

load 

50 10 min 

25 10 min 

0 12 h 

Presentation of the results 

Within 24 hours of completion of the test, the Contractor shall submit to the Engineer 

a complete record of each pile test.  This shall include all the test readings, and 

graphs of load against time, settlement against time and load against settlement and 

residual settlement. 

(w) Pile Integrity Testing 

Integrity testing of all bored piles shall be undertaken by sonic logging using the two-probe 

(transmitter and receiver) method.  The external diameter of the probes shall be 

compatible with the internal diameter of the probe ducts shown on the Drawings. Testing 

shall be undertaken in each probe duct placed at the locations shown on the Drawings. 

Integrity testing shall not be undertaken until at least seven days after casting the pile and, 

in the case of trial and test piles, the interpreted results shall be available to the Engineer 

before the piles are loaded.  The tests shall be undertaken over the full length of the pile 

element and shall be capable of producing readings at not more than 0.02m depth 

intervals. 

The testing shall be carried out by a specialist firm, subject to demonstration to the 

Engineer of satisfactory performance on other similar contracts before the 

commencement of testing.  The Contractor shall submit to the Engineer the name of the 

specialist integrity testing firm, a description of the testing equipment, a test method 

statement and a programme for executing the testing prior to commencing the Works. 

A competent and experience person shall interpret the test results.  To assist in the 

interpretation, the Contractor shall give all available details on ground conditions, pile 

construction methods and records for each pile to the specialist firm before testing is 

undertaken. 

A preliminary report shall be submitted to the Engineer within 24hrs of undertaking the 

test.  The final test results from each pile group shall be submitted to the Engineer as a 

report within 10 days of completing the test on the last pile in the pile group.  The report 

shall contain a summary of the method of interpretation including all assumptions, 

calibrations, corrections, algorithms, and derivations used in the analyses.  Where the 

 Page  591  of  708 



Fiji Roads Authority 

 

573  

results are presented graphically, the same scales shall be adopted throughout and for all 

reports.  The units on the scales shall be clearly marked. 

In the event that any anomalies are detected by the testing which indicate possible defects 

in the pile, the Contractor shall report such anomalies to the Engineer immediately.  The 

Contractor shall demonstrate to the Engineer that the pile element is satisfactory or shall 

carry out remedial works to make it so.  The sonic logging tubes shall be grouted up after 

the Contractor has demonstrated to the Engineer that the pile element is satisfactory.  

(x) Defective piles 

The trial piles and/or test piles and the piles represented by the test pile shall be classified 

as defective if shown, in terms of Clause 801.13(u or v), to have inadequate bearing 

capacity or excessive settlement when compared with the design values.  Defective piles 

shall also include any pile damaged beyond repair, piles with structural defects or piles 

that do not comply with the tolerance requirements of Clause 801.13(i). 

Defective piles shall be corrected by 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 

 Altering the design to meet the new conditions caused by the defective pile(s). 

Piles which are deemed to be defective by virtue of damage to the pile, structural 

defects, or failure to comply with the tolerance requirements of Clause 801.13(i) shall 

be corrected at the Contractor’s expense.  Piles designed by the Contractor which are 

found to be defective for any reason shall be corrected at the Contractor’s expense. 

(y) Painting for Splash Zone 

Steel piles and steel permanent casings to bored piles are to be coated with an approved 

bituminous paint in the ‘splash zones’ as detailed on the drawings i.e. from the underside 

of the pile cap to a distance 6 m below the existing river bed or from the casing cut-off 

level to 6m below the existing river bed. All surfaces of the steelwork shall be prepared 

and coated in accordance with the provisions of Section 801 of this specification. 

 

801.14 BORE HOLE INFORMATION 

In addition to the bore hole information, factual report and interpretative report given in the Contract 

Documents the Contractor may, at his own cost, carry out any further subsoil investigations and 
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tests that he feels necessary to verify the ground conditions at site. 

The additional boreholes shall be undertaken in the presence of the Engineer. 
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SECTION 802 – FALSEWORK, FORMWORK AND CONCRETE FINISH 
 
802.01 SCOPE 

This section covers the design, supply and erection of all falsework and formwork used in the 

construction of Permanent Works. 

This section also describes the classes of concrete surface finishes on formed and unformed 

concrete surfaces. 

 

802.02 MATERIALS 

(a) General 

Falsework and formwork shall conform to the requirements of AS 3610. The materials 

used in the construction of falsework and framework shall be suitable for the purpose for 

which they are required and be of quality to produce the standard of work specified.  The 

type, grade and condition of the material shall be subject to the Engineer’s approval. 

(b) Falsework 

Timber, structural steel and scaffolding used shall be free from defects that may prejudice 

the stability of the falsework.  The jacks, devices, clamps and fittings shall all be in good 

working order and of adequate design and strength. 

(c) Formwork 

Tongued and grooved boarding 

Tongued and grooved boarding shall be suitably dried timber that will not warp, distort 

or cause a discolouration of the concrete.  The widths of the boards shall be as 

specified on the Drawings or in the Bill of Quantities or as directed by the Engineer.  

Boards shall be supplied in lengths not shorter than 3 metres. 

Steel and plywood forms to exposed surfaces 

The formwork surface material for exposed concrete surfaces shall be steel plate 

conforming to AS/NZS 1594 or plywood conforming to AS/NZS 2271, unless 

otherwise shown on the drawings. 

For class F3 and F4 surface finish for which steel forms are permitted and Class F2 

surface finish the individual and assembled panels shall be sufficiently rigid and 

clamped so as not to deform or kick during handling or under the pressure of the wet 

concrete. 

Plywood panels shall be placed with the grain of the outer piles in the direction of the 
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span. Plywood panels shall be supplied in the maximum practicable width and length 

to minimise the number of joints.  

The surface of forms that are to be in contact with concrete shall be clean, free from 

deposits or adhering matter, weld runs, ridges and spatter that will impart 

irregularities and blemishes to the concrete surface as well as be free from 

indentation and wraps 

 

Void Formers 

Formers used for the purpose of forming voids in concrete components shall be as 

follows: 

(i) prefabricated formers, including associated end caps and 

anchorages, for   

circular voids;  

(ii) solid formers made of lightweight material, including associated 

anchorages, for voids with irregular shapes. 

Void formers used in the Permanent Works shall be subject to the approval of the 

Engineer.  

The void former details shall include the following: 

(i) a full technical description of the proposed void former, including 

documented evidence of previous use and performance; 

(ii) the material type; 

(iii) the method of construction and installation; 

(iv) the type and spacing of anchors and supports to hold down the void 

former; 

(v) the maximum pressure head and maximum height differential between 

the two sides of the void former which shall be consistent with the most 

adverse conditions that may exist during the concreting operations. 

Where void formers of a particular type or special design are required, 

details of the material, thickness thereof and relevant information will 

be specified in the Special Provisions or Bill of Quantities or on the 

Drawings. 

Void formers shall be manufactured form material that will not puncture, tear or damage during the 
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course of construction and shall be of such tight construction as to prevent undue loss of the mortar 

component of the concrete through leakage.  The units shall be sufficiently rigid not to deform during 

handling or under pressure of the wet concrete. 

As a minimum solid former shall be rigid cellular expanded polystyrene complying with Class S as 

stated in AS 1366.3 

 

802.03 DESIGN 

(a) Falsework 

Falsework shall be designed to withstand all forces resulting from the loads as specified 

in this clause or from the loads specified in AS 3610 and AS 1170 Parts 1 and 2, 

whichever produces the greater effect, and any additional loads that may be imposed on 

the falsework during construction. The design shall take into account the magnitude, 

direction and duration of these forces individually and collectively to ensure that on 

completion of the permanent structural components, the line, levels and dimensions of 

the constructed component comply with the requirements of the Contract. 

The Contractor shall make his own assessment of the allowable bearing pressure on the 

foundation material and shall design the footings and falsework to guard against 

overloading, differential settlement and unacceptable overall settlement.  In assessing the 

allowable bearing pressure, due consideration shall be given to the effect wetting has on 

the foundation material. Where the falsework settles under load such that the allowable 

dimensional tolerances on the permanent structural components are exceeded, a non-

conformance shall be raised and the falsework shall be modified such that the finished 

permanent structural components comply with the requirements of the Contract with 

regard to dimension, position and tolerances. 

Where required, the falsework design shall include hydrologic and hydraulic design 

parameters to assess the potential for scour and bank erosion and allow for suitable 

protective measures. 

In the design of falsework, recognition shall also be taken of the redistribution of load that 

may occur due to the effect of temperature, wind force, prestressing of curved and skewed 

structures, stage construction, flooding and debris. 

The design of all falsework members and connections shall comply with AS 3610, 

AS 4100 and AS 1720. Guard railing and access requirements shall comply with AS 1576. 

Falsework members shall be designed and constructed to limit deflections to prevent 

cracking or settlement of previously cast sections due to subsequent casts.  Deflections 

of beams and dimensional changes in other members and connections shall be limited to 

 Page  596  of  708 



Fiji Roads Authority 

 

578  

ensure that the finished concrete is within the specified tolerances for line and level. 

Falsework shall not be supported or braced from completed permanent structural 

components unless it can be demonstrated that such temporary loading will not affect the 

structural integrity of the relevant component or the stability and integrity of the overall 

falsework system. 

(b) Formwork 

Formwork shall be designed to be sufficiently rigid to ensure that the specified dimensional 

tolerances can be achieved under the combined action of self-weight, dead loads and 

imposed loads as well as the additional loads resulting from the rate of concreting, the lift 

cast in one operation and the method of placing and compaction. Where formwork is to 

be re-used the formwork design shall allow for the deterioration of materials through use 

and handling.  

The formwork drawings shall include all details of formwork, formwork joints, sealing 

procedures, ties, size and spacing of framing and details of any proprietary fittings or 

systems proposed to be used.  Where vibration is to be applied externally, the design of 

formwork shall include details of external vibrators to ensure efficient compaction and to 

avoid surface blemishes.  

 

802.04 CONSTRUCTION 

(a) Falsework 

Falsework shall be erected in accordance with the approved drawings incorporating such minor 

modifications as required by the Engineer. 

The Contractor shall take precautions to guard against deterioration of the foundations during the 

course of construction. 

The falsework shall incorporate features that will permit adjustment to the alignment of the formwork 

to compensate for the expected settlement and deflection under load. 

(b) Formwork 

General 

The formwork for bridge decks shall be erected to lines and levels shown on the drawings and shall 

be adapted to allow for the specified pre-camber as well as for the expected deflection and 

settlement of the fully loaded falsework and formwork.  The levels shall be set out and controlled at 

intervals not greater than 2.50m. 

For the construction of formwork, the Contractor may subject to the provisions of the Clause 802.02, 
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use any material suited to and compatible with the class of surface finish and dimensional tolerances 

specified for the particular member. 

Formwork shall be sufficiently rigid to maintain the forms in their correct position, shape and profile 

and shall be of such tight construction that the concrete can be placed, and compacted without 

undue loss or leakage of the mortar component of the concrete. 

The joints between contiguous formwork elements shall be tight fit and the joints shall be caulked, 

taped or packed with a sealing gasket. Paper, cloth or similar material shall not be used for this 

purpose. 

The formwork construction shall permit accurate erection and easy stripping without shock, 

disturbance and damage to the cast concrete. Where necessary the formwork assembly shall permit 

the removal or release of side forms independently of the soffit forms. 

Metal supports, ties, hangers and accessories embedded in the concrete shall be removed to a 

depth not less than the cover specified for the reinforcement. The use of wire ties is not permitted. 

All external corners shall be chamfered by fixing strips into the corners of the formwork to form 25 x 

25 mm chamfers. Re-entrant angles need not be chamfered unless this is specified. Cutting or 

grinding of chamfers shall not be allowed. Formwork to exposed surfaces 

The forms and boards shall be arranged to form a uniform and regular pattern in perpendicular with 

the main axis of the member, unless approved or directed otherwise by the Engineer. 

Joints between contiguous members shall after caulking, taping or sealing be treated to prevent 

blemishes, stains and undue marks from being imparted to the concrete surface. 

Bolt and tie positions shall be so arranged that they conform to the symmetry of the formwork panels 

or boards.  Bolt and rivet heads that will be in contact with the formed surface shall be of the 

countersunk type and shall be treated to prevent from forming in the concrete surface. 

The formwork at construction joints shall be braced to prevent steps from forming in the concrete 

surfaces at the joints between successive stages of construction. 

Where moulding or recess strips are specified they shall be neatly butted or mitred. 

Formwork to open joints 

The requirements for formwork to open joints shall, unless specified otherwise, only apply to cases 

where the distance between opposite concrete surfaces is equal to or less than 150mm. 

Formwork to open joints shall be constructed to produce a Class F1 surface finish to concealed 

surfaces or a Class F2 or F3 surface finish corresponding to the in-plane surface finish for the 

bordering concrete surfaces.  The material used and construction of the formwork shall permit 

complete removal thereof to form the open joint. Where polystyrene or similar material the 
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susceptible to damage, is used to form open joints, it shall be lined with a hard surface on the side 

to be concreted. The hard material shall be sufficiently resilient to ensure that the required quality of 

work can be achieved. 

Permanent formwork 

Where the Contractor proposes or is required to use Permanent Formwork, he shall submit final 

details of the formwork to the Engineer for approval prior to its use. Permanent Formwork shall 

generally of an inert material that will not deteriorate or adversely affect the appearance or durability 

of the Permanent Works and shall be of sufficient strength and stiffness to support the Permanent 

Works during construction.  

Preparation of formwork 

The surfaces of forms that are to be in contact with fresh (wet) concrete shall be treated to ensure 

non-adhesion of the concrete to the form and may release during stripping of the formwork. 

Coating compounds and agents shall be applied strictly in accordance with the manufacturer’s 

instructions and every precaution shall be exercised to avoid contamination of the reinforcement, 

prestressing tendons and anchorages.  In the selection of compounds and agents due regard shall 

be given to the necessity for maintaining throughout a uniform colour and appearance on exposed 

concrete surfaces. 

Before placing the concrete all dirt and foreign matter shall be removed from the forms and the forms 

thoroughly welled with water. 

 

802.05 REMOVAL OF FALSEWORK AND FORMWORK 

Falsework and formwork shall not be removed before the concrete has attained sufficient strength 

to support its own mass and any loads that may be imposed on it. This condition shall be assumed 

to require formwork to remain in place, after placing of the concrete, for the appropriate minimum 

period of time given in Table 802.051, unless the Contractor can prove to the satisfaction of the 

Engineer that shorter periods are sufficient to fulfil this condition.  In such case the formwork may 

be removed after the agreed shorter periods of time. 

Falsework and formwork shall be removed carefully without shock, disturbance and damage to the 

cast concrete or structure. 

Weather may be regarded as “normal” when atmospheric temperatures adjacent to the concrete, as 

measured by a maximum and minimum thermometer, do not fall below 15C, and as “cold” when 

temperatures similarly fall below 5C.  When minimum temperatures are between these values, 

stripping times shall be between the periods specified for normal and cold weather. 

Any period during which the temperature remains below 2C shall be disregarded in calculating the 
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minimum time which elapses before forms are removed. 

On continuous reinforced concrete structures the falsework and supporting formwork shall not be 

removed before the concrete of the last pour has reached the appropriate minimum age given in 

Table 802.051 or the appropriate minimum strength specified on the Drawings.  Where the structure 

is constructed in stages the falsework and supporting formwork shall be removed as specified on 

the Drawings or directed by the Engineer. 

In lieu of the times specified in Table 802.051, the falsework and formwork to soffits of slabs and 

beams many be removed once the concrete has attained 70% of its specified cylinder crushing 

strength. The compressive strength of the concrete shall be determined from a representative and 

adequate number of cylinders that have been stored under conditions that simulate the field 

conditions.  Similarly, side forms may be removed when the concrete has attained a cylinder 

crushing strength of not less than 10 MPa. 

On prestressed concrete structures the falsework and supporting formwork shall be removed after 

the full prestressing force relating to the particular stage of construction has been applied, unless 

shown otherwise on the Drawings or indicated by the Engineer. 

Table 802.051 Removal of Falsework and Formwork:  Minimum time in days 

 

 

Falsework and Formwork 

to: 

 

 

Type of cement used 

Portland cement Rapid hardening 

Portland cement 

Portland and 

blast - + furnace 

cement 

Normal 

weathe

r 

Cold 

weathe

r 

Normal 

weather 

Cold 

weath

er 

Norm

al 

weath

er 

Cold 

weathe

r 

1.  Beam sides, walls 

unloaded columns: 

1 1.5 0.5 1 2 4 

2.  Soffits of slabs and 

beams: 

      

(a)  Spans up to 3m 4 7 2 4 6 10 

(b)  Spans over 3 m up to 6 

m 

10 17 5 10 14 24 

(c)  Spans over 6 m up to 12 14 24 A 18 21 28 
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m 

(d)  Spans over 12 m 21 30 18 28 28 36 

 Also applicable to 50/50 mixture of Portland cement and milled granulated blast furnace slag 

 Shorter periods may be used for sections of thickness exceeding 300mm 

 

802.06 FORMED SURFACES:  CLASSES OF FINISH 

(a) General 

In addition to complying with the tolerance specified in Clause 809.07, the concrete 

surface finish on formed surfaces shall also comply with the following requirements. 

(b) Class F1 surface finish 

After effecting repair work to surface defects in accordance with Clause 802.08(b) no 

further treatment of the as-stripped finish will be required.  This finish is required on 

concealed formed surfaces. 

(c) Class F2 surface finish 

This finish shall be equivalent to that obtained from the use of wrought thickness square 

edged timber panels and boards, shutter board or from steel forms, arranged in a regular 

pattern. The finish is intended to be left as struck but surface defects shall be remedied in 

accordance with Clause 802.8(b). While minor surface blemishes and discolorations will 

be permitted, large blemishes and severe stains and discoloration’s shall be made good 

where directed by the Engineer.  This surface finish is intended for exposed formed 

structures that cannot readily be seen by the general public as in the case of culverts, 

remote structures and structures to which access is restricted. 

(d) Class F3 surface finish 

The resulting finish shall be smooth and of uniform texture and appearance. The formwork 

lining shall leave no stain on the concrete and shall be so joined and fixed to its backing 

that it imports no blemishes. It shall be of the same type and obtained from only one 

source throughout any one structure. The Contractor shall make good any imperfections 

in the finish, internal ties and embedded metal parts shall not be used. 

(e) Class F4 Finish 

The requirements for Class F4 and as for F3 except that internal ties and embedded metal 

parts shall be permitted. 

(f) Board surface finish 
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This finish shall be that obtained from the used of tongued and grooved timber boarding 

arranged in a regular pattern approved by the Engineer.  The finish is intended to be left 

as struck but surface defects shall be remedied in accordance with Clause 802.8(b) and 

large fins trimmed where directed by the Engineer. 

(g) Protection of surfaces 

The Contractor shall ensure that permanently exposed concrete surfaces are protected 

from rust marks, spillage and stains of all kinds and other damage during construction. 

 

802.07 REMEDIAL TREATMENT OF FORMED SURFACES 

(a) General 

Any remedial treatment to surface shall be agreed with the Engineer following inspection 

immediately after moving of formwork and shall be carried out without delay.  No surface 

may be treated before inspection by the Engineer. 

(b) Repairs 

Surface defects such as small areas of honeycombing, cavities produced by form ties, 

large isolated blow-holes, broken corner edges, etc., shall be repaired with mortar 

consisting of a cement and sand mix equal to that of the concrete being prepared. 

For the repair of large or deep areas of honeycombing and defects, special methods and 

techniques, such as pneumatically applied mortar, pressure grouting, epoxy bonding 

agents, etc., may be used as agreed by the Engineer. 

Where in the opinion of the Engineer, the extent of the honeycombing or defects is of such 

degree that doubts exists about the effectiveness of repair work, the Contractor shall at 

his own cost perform a load test in accordance with Clause 804.14(a) or other such tests 

as the Engineer may consider necessary to prove that structural safety of the repaired 

member has not been prejudiced; failing which the structure shall be rebuilt in part or in 

full at the Contractor’s cost. 

Where the concrete has been damaged by adhesion of the concrete to the formwork 

panel, the cracked and loose concrete shall be removed; or where lifting-off of the fresh 

concrete at construction joints has occurred the crack shall be scraped out immediately 

on both sides of the wall to a depth of at least 50 mm.  The cavities so formed shall 

thereafter be repaired as described above. 

(c) Rubbing of surfaces 

If the finish of the exposed formed surfaces does not comply with the requirements for 
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uniformity of texture, appearance and colour, the Contractor shall, when instructed to do 

so by the Engineer, rub down the exposed surfaces of the entire structure or any part 

thereof as specified below. 

The surface shall be saturated with water for at least one hour.  Initial rubbing shall be 

carried out with a medium coarse carborundum stone, using a small amount of mortar on 

the face, in the proportions specified in Clause 802.08(b).  Rubbing shall be continued 

until all form marks, projections and irregularities are removed and a uniform surface is 

obtained.  The paste produced by the rubbing shall be left in place.  The final rubbing shall 

be carried out with a fine carborundum stone and water.  This rubbing shall continue until 

the entire surface is of a smooth, even texture and uniform in colour. Thereafter the 

surface shall be washed with a brush to remove surplus paste and powder. 

 

802.08 UNFORMED SURFACES:  CLASSES OF FINISH 

(a) Class U1 surface finish 

This surface is required on those portions of bridge decks or culvert decks which are to 

receive concrete surfacing or which are to be covered by backfilling material, or as 

otherwise shown on the Drawings. 

On completion of placing and compacting the concrete as specified in Clause 804.07 the 

top surface shall be levelled and screeded off with the template to the required cross 

section and tamped with a tamping board to compact the surface thoroughly and to bring 

mortar to the surface, leaving a uniform surface to the profile shown on the Drawings. 

(b) Class U2 surface finish 

This surface finish is required on sidewalks; tops of wingwalls and retaining walls; exposed 

concrete shoulders and unsurfaced areas on bridge decks, and inverts of box culverts, or 

as otherwise shown on the Drawings. 

The surface shall first be given a Class U1 surface finish and after the concrete has 

hardened sufficiently, it shall be wood-floated to a uniform surface free of trowel marks.  

For non-skid surfaces such as on sidewalks and bridge decks, the surface shall thereafter 

be given a broom finish.  The corrugations produced shall be approximately 1 mm deep, 

be uniform in character and width and have a pattern perpendicular to the centre line of 

the pavement. 

(c) Class U3 surface finish 

This surface finish shall be required at bearing areas and tops of concrete railings, or as 

otherwise shown on the Drawings.  The surface shall be given a Class U1 finish, and after 
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the concrete has hardened sufficiently it shall be floated by means of a steel float under 

firm pressure to produce a dense uniform smooth surface to within the dimensional 

tolerance specified in Clause 809.07. 

Rubbing with carborundum stone after the concrete has hardened shall be allowed but 

under no circumstances will plastering be permitted. 

(d) Class U4 Surface Finish 

This finish is for bridge decks that are to receive waterproofing systems. The concrete 

shall be levelled and screeded to produce a uniform surface. When the concrete has 

sufficiently hardened and the bleed water evaporated the surface shall be trowelled to 

produce a hard dense surface free from screed marks and exposed aggregate. Finally, 

the surface shall be lightly textured with a wooden float or equivalent. 

The finished surface shall not deviate from the required profile by more than 10mm over 

a 3m gauge length or have any abrupt irregularities more than 3mm. 
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SECTION 803 – STEEL REINFORCEMENT FOR STRUCTURES 
 
803.01 SCOPE 

This section covers the furnishing and placing of steel reinforcement in concrete structures. 

 

803.02 MATERIALS 

(a) Steel reinforcement 

The steel reinforcement shall comply with  

(i) AS/NZS 4671 Steel reinforcing materials 

(ii) AS 5100.5 Bridge design - Concrete 

(iii) BS6744 Stainless steel bars 

Grades of steel reinforcement used shall comply with the following requirements 

(i) Steel for reinforcing bars shall be Grade 500N, complying with the requirements 

of AS/NZS4671 unless otherwise shown on the drawings. Steel for welded steel 

reinforcing mesh shall be Grade 500L, complying with the requirements of 

AS/NZS4671. 

(ii) Where the use of stainless steel reinforcement is indicated on the drawings, 

stainless steel reinforcement shall consist of ribbed (deformed) bars or coil, 

deformed wire or welded mesh complying with the requirements of BS6744 Grade 

500. The chemical composition of stainless steel reinforcement and / or wire used 

to tie stainless steel shall conform to one of designations 1.4301, 1.4162, 1.4429, 

1.4436 or 1.4462 to BS EN10088 (as identified by BS6744). 

The Contractor shall supply the reinforcement cut to length and bent to shape. 

The Contractor shall prepare his own reinforcement schedules. 

The Contractor shall make appropriate allowances when preparing his reinforcement 

schedule to achieve the specified tolerances on member dimensions, concrete cover and 

location of reinforcement taking into account the practical variations in the tolerances 

noted and other margins normally applied by reinforcement suppliers. 

Two copies of the reinforcement schedules shall be supplied to the Engineer at least four 

weeks prior to the schedule date for cutting and bending of the reinforcement. 

(b) Test Certificates 

The Contractor shall provide evidence that the reinforcement supplied for these works 
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conforms with the requirements of AS/NZS 4671 as appropriate. 

 

803.03 HANDLING AND STORAGE 

Steel reinforcement shall be stored in conditions that minimize or prevent the formation of surface 

rust.  

Steel reinforcement that has been damaged in any way shall not be incorporated into or used in the 

works 

 

803.04 BENDING OF REINFORCEMENT 

Steel reinforcement shall be supplied cut to length and bent to shape, as detailed on the drawings. 

The Contractor shall make appropriate allowances when preparing the steel reinforcement schedule 

to achieve the specified tolerances on member dimensions, concrete cover and location of steel 

reinforcement and any post-tensioning sheathing or other fitments, taking into account the practical 

variations in the tolerances noted and other margins normally applied by steel reinforcement 

suppliers. 

 Bending and re-bending of steel reinforcement shall comply in accordance with the requirements 

of AS 5100.5 or as specified on the Drawings. 

Steel reinforcement shall not be bent or straightened in a manner that will cause damage to the 

steel. Steel with kinks or bends not shown on the Drawings or in the steel reinforcement schedule 

shall not be used. 

No flame-cutting of high tensile steel bars shall be permitted except with the approval of the 

Engineer. Except as provided for below, all bars shall be bent cold and bending shall be done slowly, 

a steady, even pressure being used without jerk or impact. 

Heating of Grade 500N steel reinforcement to a maximum of 450°C is permitted under controlled 

workshop conditions, subject to methods in accordance with the manufacturer’s recommendations, 

provided: 

(a) the steel is heated uniformly through and beyond the portion to be bent 

(b) the temperature of the steel does not exceed 450°C 

(c) the bar is not cooled by quenching. 

 

803.05 SURFACE CONDITIONS 

Prior to the concrete is placed around the reinforcement, the reinforcement shall be clean, free from 

mud, oil, grease, paint, loose rust, loose mill scale or any other substance that can have an adverse 
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chemical effect on the steel or concrete, or reduce the bond between the steel reinforcement and 

concrete. 

The surface condition of reinforcement shall be such as to not impair its bond to the concrete or its 

performance in the member. Steel reinforcement shall not be coated unless specified, in which case 

the nature and type of the coating to be used and the conditions of application shall be separately 

specified.  When carbon steel reinforcement is specified on the drawings to be hot-dip galvanised, 

the hot-dip galvanising shall be in accordance with AS 4680.  Use of epoxy coated steel 

reinforcement shall not be permitted. 

Stainless steel reinforcement shall be supplied, handled and stored separately from other steels.  

Tools used for cutting, bending and transport of stainless steel reinforcement shall not have been 

used for other materials. 

 

803.06 PLACING AND FIXING 

Reinforcement shall be positioned as shown on the Drawings and accurately secured in these 

positions within the tolerance given in Clause 801.02 (f) by tying with 1.6 mm diameter soft annealed 

iron wire for unexposed surfaces, 1.2 mm diameter stainless steel wine for exposed surfaces or by 

the use of suitable clips or, where permitted by the Engineer, by tack welding. 

Wooden supports, metal supports and plastic coated metal supports which extend to the surface of 

the concrete shall not be used. Cover and spacer blocks required to support the reinforcement shall 

be as small as possible consistent with their use and be of approved design and material. Projecting 

ends of ties or clips shall not encroach into the concrete cover. Placing steel reinforcements on 

layers of fresh concrete as the work progresses and adjusting reinforcements during the placing of 

concrete will not be permitted. Where protruding steel reinforcements are exposed to the elements 

for an indefinite period the steel reinforcements shall be adequately protected against corrosion and 

damage and shall be properly cleaned before being permanently encased in concrete. 

 

803.07 COVER 

The term “cover” in this context shall mean the minimum clear thickness of concrete between the 

surface of the reinforcement and face of the concrete. The minimum cover shall be as shown on the 

Drawings. Where no cover is indicated, the minimum thickness provided shall be not less than the 

appropriate values shown in Table 803.071. 

The cover shall be increased by the expected depth of any surface treatment, e.g., when concrete 

is bush hammered or when rebates are provided. Additional cover as directed by the Engineer shall 

be provided if porous aggregates are used. Cover blocks or spacers required for ensuring that the 

specified cover is obtained shall be of a material, shape and design acceptable to the Engineer. 
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Concrete spacer blocks shall be made with 10 mm maximum size aggregate and shall be of the 

same strength and material source as the surrounding concrete. The blocks shall be formed in 

specially manufactured moulds and the concrete compacted in a table vibrator all to the approval of 

the Engineer. 

Table 803.071 Minimum cover thickness of covers 

 

CONDITION OF 

EXPOSURE 

DESCRIPTION OF 

MEMBER/SURFACE TO WHICH 

THE COVER APPLIED 

MIN. COVER (mm) 

Concrete Class* 

         

    20 25 30 40 50 

         

1. MODERATE 

Sheltered from 

severe rain and 

not subject to 

freezing while 

saturated 

1.1 Enclosed surfaces      

       

1.2 Surfaces protected by an 

overlay 

     

       

1.3 Buried structures/members 40 40 40 40 40 

       

1.4 Structures/members 

continuously under water 

75 75 NA NA NA 

       

1.5 Underwater concrete 30 30 30 30 30 

       

1.6 Surface formed with 

permanent formwork 

40 40 40 40 40 

       

1.7 Piles - cast in-situ (wet cast 

against casing) 

     

       

1.8 Piles - cast in-situ (dry cast 

against soil) 

50 50 50 50 50 

       

1.9 Piles - cast in-situ (wet cast 

against soil) 
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1.1

0 

Piles - precast 35 35 35 35 35 

         

         

2. SEVERE 

Exposed to 

driving rain 

alternate wetting 

and drying. 

Subject to heavy 

condensation, 

freezing while wet 

corrosive fumes, 

chemicals, 

aggressive soils. 

       

       

2.1 Exposed surfaces      

  NA 50 40 30 306 

2.2 Buried structures/members      

       

2.3 Piles - cast in-situ (wet cast 

against casing) 

50 50 50 50 50 

       

2.4 Piles - cast in-situ (dry cast 

against soil) 

     

  75 75 75 75 75 

2.5 Piles - cast in-situ (wet cast 

against soil) 

     

       

2.6 Piles - precast 40 40 40 40 40 

         

         

3. VERY SEVERE 

Exposed to: sea 

water, off-sea 

winds, abrasion, 

water with pH 

below 4.5 

       

       

3.1 Marine structure NA NA NA NA NA 

       

3.2 Piles - cast in-situ (wet cast 

against casing) 

NA NA NA 50 75 

       

3.3 Piles - precast NA NA NA 50 50 

         

For concrete cast under water 1.5 shall apply. 

- Concrete Class refers to the specified minimum 28 day cylinder strength. 

 

803.08 LAPS AND JOINTS 

Laps, joints, splices and mechanical couplings shall be made only by the methods, specified and at 

the positions shown on the Drawings or as agreed to by the Engineer. 
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In lapped splices, the steel reinforcements shall be placed in contact and wired together in such a 

manner as to maintain a clearance to the surface of the concrete of not less than the cover specified.  

The lap shall be long enough to develop the full strength of the reinforcement shall be not less than 

the tensile or compressive development length determined in accordance with AS 5100.5. Splicing 

of steel reinforcement shall be in accordance with AS 5100.5 

 
803.09 WELDING 

Welding of reinforcement shall only be carried out where shown on the Drawings or agreed to by 

the Engineer. 

Tack welding of steel reinforcement will be permitted for Grade250N and Grade500N steel 

reinforcement bars provided welding is not within 50mm of the tangent point of a bend in the steel. 

All the tack welding shall comply with the requirements of AS/NZS 1554.3 

Flash butt welding shall only be carried out with the combination of flashings; heating, upsetting and 

annealing to the Engineer’s approval, and only those machines that automatically control this cycle 

of operations shall be used. Metal-arc welding of reinforcement shall be carried out in accordance 

with AS/NZS 1554.3 and the recommendations of the reinforcement manufacturer subject to the 

approval of the Engineer and the satisfactory performance of trial joints 

Other methods of welding e.g. resistance welding may be used subject to the approval of the 

Engineer and to their satisfactory performance of trial joints. Welded joints shall be full strength 

welds and their strength shall be assessed by tests to destruction on samples selected by the 

Engineer. 

Care shall be taken during welding to avoid excessive heating of the reinforcing bar. 
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SECTION 804 – CONCRETE FOR STRUCTURES 

804.01 SCOPE 

This section covers the manufacture, transport, placing and testing of concrete used in the Work 

where plain, reinforced or prestressed concrete is specified. 

 

804.02 MATERIALS 

(a) Cement 

Ordinary Portland Cement shall be used in all concrete works unless otherwise specified 

herein or ordered by the Engineer 

Australian Standards 

(i) AS 3972 General purpose and blended cements 

(ii) AS 3582 Supplementary cementitious materials for use with Portland cement 

and blended cement 

(iii) A3582.1 Fly ash 

(iv) A3582.2 Slag – Ground granulated iron blast furnace 

(v) A3582.3 Amorphous silica 

Cement which contains air-set or hardened lumps, foreign matter repowdered air-set 

material or which has been contaminated or is unsatisfactory of the Engineer will be 

rejected and shall be removed from the Site without delay. 

The cement shall either be delivered in sealed bags marked with the manufacturers name 

or in bulk consignments in a manner approved by the Engineer. 

No part of any consignment shall be used unless approved by the Engineer. 

Damaged or defective cement shall be immediately removed from the Site and shall not 

be used in any part of the Works. 

Each separate consignment of cement shall be tested by the manufacturer before delivery 

and certified copes of the results of such tests shall be supplied to the Engineer before 

any part of the consignment is used in the Works. The Engineer may request samples not 

exceeding 5kg in weight to be taken from any consignment for testing. Cement shall be 

delivered to site in quantities sufficient to ensure that there is no suspension or interruption 

of the work of concreting at any time. 

The minimum cementitious material content and water/cementitious material (w/c) ratio 
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shall be shown on Table 804.021 

Table 804.021 The minimum cementitious material content and maximum w/c ratio 

Concrete Grade  

(MPa) 

Minimum 

Cementitious Material 

Content (kg/m3) 

Maximum W/C 

Ratio  

32 330 0.50 

40 400 0.45 

50 450 0.40 

55 470 0.36 

60 - 100 520 ** 

 

**The w/c ratio of the proposed concrete mix design shall not be less than 0.30 for 

the concrete cast in situ and 0.28 for concrete utilised in precast works. 

Portland cement or a mixture of Portland cement with one or more supplementary 

cementitious materials or in combination with other supplementary material shall be 

approved by Engineer. Supply cementitious materials are fly ash, ground granulated blast 

furnace slag or amorphous silica and shall comply with the requirements of AS 3582.1, 

AS 3582.2 and / or AS 3582.3 

The minimum mass of Portland cement in concrete mixes containing fly ash, ground 

granulated blast furnace slag and amorphous silica shall be 75%, 60% and 90% 

respectively of the total mass of cementitious material in the concrete mix. In a triple blend 

concrete mix, the Portland cement content shall be a minimum of 60% and the individual 

contribution of fly ash, ground granulated blast furnace slag or amorphous silica shall be 

a maximum of 25%, 40% or 10% respectively, of the total mass of the cementitious 

material in the concrete mix. 

(b) Aggregates 

Fine and coarse aggregate for concrete shall comply with the requirements of AS 2578.1. 

The Contractor shall carry out the sampling and testing of aggregates at frequent intervals 

as specified and as required by the Engineer. 

The maximum amount of water absorption for fine aggregate, coarse aggregate, 

combined coarse aggregate and combined fine aggregate shall not exceed 2.5%. 

Aggregates shall be stored in such a manner that they will not segregate, become 
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contaminated by foreign matter, or become intermixed. Stockpiles shall be arranged to 

prevent entry of adjacent surface or ground water and allow free drainage of rain water. 

Fine Aggregate 

The fine aggregate for concrete shall conform to the following requirements: 

 Description 

The fine aggregate shall consist of clean, hard, durable, naturally occurring 

sands, and shall be free from clay, dust, lumps, soft or flaky particles, shale, salt, 

alkali organic matter, soil or other deleterious substances. Any manufactured 

sands used as fine aggregates shall be crushed from rock that produces 

aggregates complying with the requirements of this Section 804. 

 Testing for Impurities 

If required by the Engineer, fine aggregate shall be tested for impurities in 

accordance with AS 1141. The combined fine aggregate shall have a sand 

equivalent of not less than 80 as determined by the appropriate test method. 

 Grading 

The Contractor shall be prepared to supply a number of sands for combining in 

the mix in such proportions that the combined sand mix complies with grading 

requirements. No sand supplied shall be the product of mechanical mixing of 

more than one natural material unless written permission is obtained from the 

Engineer. 

Fine aggregate shall be uniformly graded from coarse to fine sizes and when 

tested with standard sieves shall comply with the limits in the Table 804.022. 

Table 804.022 Fine aggregate grading 

Aperture Size of 

Sieve (mm) 

Percentage 

Passing by Mass 

  

9.5 100 

4.75 90 –100 

2.36 75 – 100 

1.18 50 - 90 
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0.6 30 – 70 

0.3 10 – 35 

0.015 2 – 10 

0.075 0 – 3 

 Uniformity 

The grading of fine aggregate shall not deviate from the submitted grading by 

more than 5%. If at any time in the opinion of the Engineer there is a significant 

variation in the grading or other characteristics of the combined sands from that 

determined from the original samples, the Contractor shall be required to submit 

fresh samples and may not be allowed to continue concreting until a fresh mix 

has been designed, tested and approved. 

 Source Rock and Coarse Aggregate Properties 

Source rock for crushed aggregates shall be in accordance with Clause 

301.03(b) excluding the requirements of Clauses 301.03(b)(ii) and 

301.03(b)(iv).The Source rock for crushed aggregates shall have LA loss 

values not exceeding 35 and shall meet the durability criteria as specified in 

Table 804.023. 

The Los Angeles loss is based on test results for samples from current 

production. Bulk samples obtained for testing shall represent the typical product 

available at the site with regard to stone quality.  

Table 804.023- Durability Requirements 

Rock Type Degradation 

Factor (1) 

(min.) 

 

Secondary 

Mineral 

Content (2) 

(%) 

(max.) 

Accelerated 

Soundness 

Index (3) 

(min.) 

IGNEOUS 

(INTRUSIVE) 

   

Granodiorite 50   

Diorite 50   
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Tonalite 50   

Monzonite 5   

IGNEOUS 

(EXTRUSIVE) 

   

Basalt  25 94 

Andesite    

Notes to Table 804.023 

1. AS 1141.25.1  Degradation factor source rock 

2. AS 1141.26 Methods for sampling and testing aggregates – Secondary 

minerals content in igneous rocks 

3. AS 1141.29 Methods for sampling and testing aggregates – Accelerated 

soundness index by reflux 

The coarse aggregate for concrete shall consist of crushed aggregates which are 

clean, hard, durable, angular fragments of igneous, or metamorphic rock 

produced by crushing rock from a source acceptable to the Engineer, and shall 

be free from clay organic matter and elongated particles. 

Aggregates from source rocks which do not meet the test limits specified above 

but which have been proven by testing and field performance to have satisfactory 

durability, may be acceptable for use subject to the written approval of the 

Engineer. 

 Product 

Aggregates will only be accepted from sources which have been tested and 

comply with the source rock requirements listed above. 

The Engineer may at any time take a sample of the coarse aggregate to check 

the rock quality. If the sample is found to contain: 

- more than 5% by mass of unsound rock 

- more than 10% total by mass of unsound rock plus marginal rock; 

then that aggregate may be rejected for use in concrete, in which case 

production of concrete will be suspended until that aggregate is replaced 

with material that complies with this specification. 

The flakiness index of the coarse aggregate shall not exceed 35%. 
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 Grading 

Coarse aggregates size ranges when combined and tested by means of standard 

sieves shall have a nominal maximum size between 10mm and 20mm and shall 

comply with the requirements of AS 2758.1. 

Unless otherwise approved by the Engineer, concrete in various parts of the 

structure shall contain coarse aggregate with the following effective maximum 

sizes: 

Joint and pedestal concrete  10mm 

 

all other concrete   20mm 

 

The effective minimum size will generally be 10mm for crushed material and 

5mm for rounded materials. 

 Uniformity 

The testing requirements shall not contain more than 5% by mass of unsound 

rock or more than 10% total by mass of unsound rock plus marginal rock. The 

flakiness index of the coarse aggregate shall not exceed 35%. 

If at any time in the opinion of the Engineer there is a significant variation in 

the grading or other characteristics of the combined coarse aggregates from 

that determined from the original samples, the Contractor shall be required to 

submit fresh samples and may not be allowed to continue concreting until a 

fresh mix has been designed, tested and approved. 

(c) Water 

Water for use in mixing concrete and mortar and for curing and related purposes shall be 

obtained from a source approved by the Engineer. Water shall be clean and free from 

detrimental concentration of acids, alkalis, salts, sugar and other organic or chemical 

substances. If the water used is not obtained from a public drinking water main the Water 

shall be shall only be used from water main. Water from other sources shall be tested by 

the Contractor to have the suitability of the water proved by an approved laboratory prior 

to use. Water abstracted directly from any River without treatment shall not be permitted 

for use in mixing or curing concrete. The amounts of chloride in the water shall be not 

greater than 0.03% (300 ppm).  The amount of sulphate (as SO4) in water shall not be 

greater than 0.04% (400 ppm).  
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(d) Admixtures 

Admixtures shall not be used in concrete without the prior approval of the Engineer who 

may require tests to be made before their use to prove their suitability. Admixtures shall 

not contain chlorides, chlorine, sulphur, sulphides or sulphites, or any other substance 

which may be detrimental to concrete or steel. Use of calcium chloride or admixtures 

containing calcium chloride will not be permitted. Admixtures, if allowed, shall comply with 

AS 1478. 

(e) Alkali Silica Reaction 

- The Contractor shall either use non-reactive aggregates (as defined in (ii) or (iii) 

below) or restrict the content of equivalent sodium oxide in the mix. Concrete 

containing non-reactive aggregates where there is no restriction on the equivalent 

sodium oxide shall not be used in locations where it will be in direct contact with 

concrete containing reactive aggregates. 

- Coarse aggregates and sands (i.e. fine aggregates) shall be considered non-reactive 

if they each contain at least 95% (by weight) of one or more of the rock or artificial 

types in the Table 804.024 and are not contaminated with any opal, tridymite or 

cristobalite. In addition, non-reactive coarse aggregates and sands individually or in 

combination shall not contain more than 2% (by weight) of chert, flint, chalcedony, 

micro-crystalline silica or cryptoerystalline silica taken together. 

- Table 804.024 Alkali silica reaction 

Air cooled blast furnace slag Granite 

Andesite Limestone 

Basalt Marble 

Diorite Microgranite 

Dolerite Quartz 

Dolomite Schist 

Expanded blast furnace Sintered pfa 

slag/clay/shale/slate Slate 

Feldspar Syenite 

Gabbro Trachyte 

Gneiss Tuff 
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- Quartz in the 95% content stated above shall not be in the form of quartzite, or contain 

more than 30% (by weight) of highly strained quartz. The quartz shall be classified as 

highly strained if the petrological examination of thin sections of grains give an 

average undulatory extinction angle of more than 25%. The extinction angle shall be 

measured on at least 20 separate grains. 

 

- The combination of coarse aggregate and sand (i.e. fine aggregate) shall be 

considered non-reactive when the combined coarse and sand fractions of the 

aggregate contain more than 60% by mass of chert or flint and at least 5% by mass 

of chert or flint and at least 5% by mass of chert or flint of particle size less than 5mm, 

provided that there is no combination of either aggregate with any opal, tridymite or 

cristobalite. 

- The petrographical examination of aggregates for alkali-silica reaction shall be 

carried out in accordance with ASTM Test Method C295. 

- When the coarse aggregates and sands (i.e. fine aggregates) are not accepted as 

non-reactive the amount of equivalent sodium oxide shall not exceed 3.0kg in any 

cubic metre of concrete. 

- The equivalent sodium oxide content of the cement shall be taken as that calculated 

for a quantity of cement equal to the proposed quantity of cement in the mix with 10kg 

of cement added for each cubic metre of concrete (to allow for tolerances in batching). 

- The acid-soluble alkali content of the Portland cement shall be taken as the average 

of 25 daily determinations of equivalent sodium oxide, plus twice the standard 

deviation for the period in which the cement was manufactured. The Contractor shall 

submit to the Engineer test certificates furnished by the cement manufacturer giving 

the results of these tests. The acid-soluble alkali content of the Portland cement shall 

be determined in accordance with BS EN 196 Part 21 National Annex (NA) or by an 

x-ray fluorescent technique calibrated against this Standard. 

- The Contractor shall submit to the Engineer test certificates giving, in terms of 

equivalent sodium oxide, the acid-soluble alkali content (AC) of any GGBS or 

pulverised-fuel ash shall be taken as the average of 25 weekly determinations for the 

period immediately preceding the certificate, plus twice the standard deviation of the 

results. The AC of the GGBS or the pulverised-fuel ash shall be determined in 

accordance with AS 3582 or by an x-ray fluorescent technique calibrated against this 

Standard. 

 Page  618  of  708 



Fiji Roads Authority 

 

600  

- The equivalent sodium oxide (Na2O) in the mix shall be the sum of the equivalent 

sodium oxide (NasO+0.66 KsO) in the Portland cement component, 1/2 or 1/6 the 

equivalent sodium oxide contributed by the GGBS or pulverised-fuel ash respectively, 

0.76 times the chloride ion (Cl-ion) content of the aggregate and the amount of 

equivalent sodium oxide in any admixtures or water to be used in the mix as follows: 

Equivalent Na2O (concrete) = (A) + (B) + (C) 

where: 

A = Equivalent acid-soluble NasO (cement + admixtures + water) 

B = 0.76 Cl : ion (aggregate) 

C = EITHER 1/2 the acid-soluble equivalent Na2O (GGBS) 

OR 1/6 the total acid-soluble equivalent Na2O (PFA) 

 

- Sources of cement, PFA, and GGBS which have been agreed with respect to the 

calculation of equivalent sodium oxide in the concrete shall not be changed without 

the prior agreement of the Engineer. 

- Proposals by the Contractor for any changes in the sources of materials shall be 

accompanied by test certificates giving the equivalent sodium oxide content and its 

variability for each material. This information shall relate to tests carried out in the 

period immediately preceding the Contractor’s proposals. 

- Where at least 25 consecutive weekly test figures are not available, then 10 

consecutive daily results relating to the period immediately preceding the proposal 

shall be submitted to the Engineer, and daily testing from the source shall continue 

for 10 days after the acceptance of the proposals. After these 10 days the results of 

weekly testing will be accepted for the source until further changes are notified. 

- The equivalent sodium oxide content of the coarse aggregate and sand (i.e. fine 

aggregate) shall be calculated from the quantity of chloride ion present, which shall 

be measured by the method in BS 812: Part 117. 

 

804.03 STORAGE OF MATERIALS 

(a) Cement 

Cement which is stored on site shall be kept under cover that provides adequate 

protection against moisture and other factors which may promote deterioration. When the 
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cement is supplied in bags, they shall be closely and neatly stacked to a height not 

exceeding 12 bags and arranged so that they can be used in the order in which they were 

delivered to the site. Storage of cement in bulk in silos or similar containers shall be 

permitted provided that the cement drawn for use is measured by mass and not by 

volume. 

Cement shall not be kept in storage for longer than six weeks without the Engineer’s 

permission and different brands and/or types of the same brand shall be stored 

separately. 

(b) Aggregates 

Aggregates of different nominal sizes shall be stored separately and in such a way that 

segregation is avoided. 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. Where intermixing or contamination of the 

material has occurred, such material shall not be used unless obtained approval by the 

Engineer. 

(c) Storage Capacity 

The storage capacity provided and the amount of material stored (whether cement, 

aggregates or water) shall be sufficient to ensure that no interruptions to the progress of 

the work are occasioned by lack of materials. 

(d) Deteriorated Material 

Material that has deteriorated, or that has been contaminated or otherwise damaged, shall 

not be used in concrete. Such materials shall be removed from the site without delay. 

 

804.04 CONCRETE QUALITY 

(a) General 

The following items shall be issued to describe the class of concrete required: 

Ordinary structural concrete: 

This is concrete of any grade which is used in reinforced, prestressed or plain concrete construction 

and which does not contain admixtures of materials other than the following: 

 Portland cement complying with the requirements of AS 3972, Portland blast furnace cement 

and, sulphate resisting Portland cement complying with the requirements of AS 3582. 

 Aggregates from natural sources 
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 Water which is clean and free from harmful matter. 

Special structural concrete: 

The structural concrete should be considered as “special” when it contains admixtures or materials 

other than those described above. 

Designed mix: 

When a “design mix” is specified the Contractor or manufacturer will be responsible for selecting the 

mix proportions in accordance with Clause 804.4(b) to achieve the required strength and workability, 

but the Engineer will be responsible for specifying the minimum cement content and any other 

properties required to ensure durability. 

Prescribed mix: 

When a “prescribed mix” is specified, the Engineer will specify the mix proportions and the 

Contractor, or the manufacturer, will undertake to provide a properly mixed concrete containing the 

constituents in the specified proportions in accordance with the appropriate provisions of Clause 

804.4 (b). The Engineer will therefore be responsible for ensuring that the mix proportions prescribed 

will provide the strength and durability he requires. 

The class of concrete mix required will therefore be covered by one of the following descriptions: 

 Designed mix for ordinary structural concrete 

 Prescribed mix for ordinary structural concrete 

 Designed mix for special structural concrete 

 Prescribed mix for special structural concrete 

(b) Designed Mix Concrete 

Minimum cement content: 

For given aggregates the cement content should be sufficient to provide adequate workability with 

a low water/cement ratio so that the concrete can be completely compacted with the means 

specified. Table  gives the minimum cement content per cubic metre of finished concrete to provide 

acceptable durability under the conditions of exposure. The maximum water/cement ratio shall be 

0.50. 

Maximum cement content: 

The cement content for any class of concrete shall not exceed 550 kg/m3 of concrete.  

Target mean strength: 
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The concrete mix should be designed to have at least the required minimum cement content and to 

have a mean strength greater than the required characteristic strength by at least the current margin. 

The current margin for each particular type of concrete mix shall be taken as have the smaller of the 

values given by (1) or (2). 

(1) 1.64 times the standard deviation of cylinder tests on at least 100 separate batches of concrete 

of nominally similar proportions of similar materials and produced over a period not exceeding 12 

months by the same plant under similar supervision, but not less than 1/6 of the characteristic 

strength for Grade 10 concrete or 3.0 N/mm2 for concrete of higher strength classes. 

(2) 1.64 times the standard deviation of cylinder tests on at least 40 separate batches of concrete of 

nominally similar proportions of similar materials and produced over a period exceeding 5 days but 

not exceeding 6 months by the same plant under similar supervision, for Grade 10 concrete or 6.0 

N/mm2 for concrete of higher strength classes. 

Evidence of suitability of proposed mix proportions 

Evidence should be submitted to the Engineer for each class of concrete showing that at the 

intended workability, the proposed mix proportions and manufacturing method will produce concrete 

of the required quality. 

If adequate data for “target mean strength” is not available, trial mixes should be prepared. 

The following information should be provided before any designed mix is supplied. 

1. Nature and source of each material 

2. Either 

 Appropriate existing data as evidence of satisfactory previous performance for target mean 

 strength, and current margin and if required workability and water/cement ratio, OR 

 Full details of tests on trial mixes. 

3. Proposed quantities of each ingredient per cubic metre of fully compacted  

 concrete. 

Subsequently, the Contractor should declare any change in source of materials and any change in 

cement content. 

Trial mixes:  

Where trial mixes are required three separate batches of concrete should be made using materials 

likely to be typical of the proposed supply and preferably under full scale production conditions. If 

circumstances make this inconvenient, the batches may be mixed in a laboratory unless this is 

specifically precluded by the Engineer. 
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Sampling and testing should be in accordance with AS 1012. 

The workability of each of the trial batches should be determined (generally the slump of the concrete 

shall not exceed 80mm for strength classes up to 40 megapascals and 60mm for higher strength 

classes) and three cylinders made from each batch for test at 28 days. A further three cylinders from 

each batch should be made for test at an earlier age if required. The trial mix proportions should be 

approved if the average strength of the nine cylinders tested at 28 days exceeds the specified 

characteristic strength by the current margin minus 3.5 N/mm2 or if nine tests at an earlier age 

indicate that it is likely to be exceeded by this amount. 

Table 804.041 Minimum cement content per cubic metre of finished concrete 

 

Strength Grade 

(Megapascals) 

Minimum Mass of Cement 

Per Cubic Metre (kgs) 

20 320 

25 360 

30 400 

35 440 

40 480 

45 520 

If trial mixes are required to demonstrate that the maximum free water/cement ratio is not exceeded, 

two batches should be made in a laboratory with cement and surface dry aggregates known to be 

typical. The proposed mix proportions will not be accepted unless both batches have the correct 

cement content and a free water/cement ratio below the maximum specified value at the proposed 

degree of workability. The workability required shall be “medium” unless otherwise stated in the Bill 

of Quantities or in the Special Provisions. For this purpose existing laboratory test reports may be 

accepted instead of trial mixes only if the Engineer is satisfied that the materials to be used in the 

structural concrete are likely to be similar to those used in the tests. 

Prescribed Concrete Mix (Not applicable for this contract) 

The Engineer will be responsible for determining the proportions of each constituent material of the 

concrete mix. The Contractor shall provide, on the site, concrete using the specified materials and 

in the proportions ordered by the Engineer. 

The Contractor shall be responsible for supplying the constituent materials for the concrete, and he 
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shall, at least two months before the start of any concrete work on the site, supply to the Engineer 

samples of each aggregate for testing purposes. If the materials comply with the specification, the 

Contractor shall supply further samples of sizes indicated by the Engineer, for determination of the 

mix proportions for each class of concrete. 

The classes of concrete for prescribed mixes shall be specified in the Special Provisions, except for 

the three “nominal” classes specified hereinafter. For each class the following shall be specified. 

 The estimated minimum compressive strength in MPa at 28 days. 

 The maximum nominal size of coarse aggregate in mm, and its proportions in the mix. 

 The proportion of the fine aggregate in the mix. 

 The type and proportion of cement in the mix. 

 The cement/water ratio. 

 The slump in mm. 

The Engineer shall have the right to vary, as the work proceeds, the proportions of the constituents 

of the concrete. Payment for variations shall be made at the tendered rates as specified in the 

Special Provisions. 

The nominal mixes specified for use where indicated on the drawings or in the Bill of Quantities or 

where ordered by the Engineer, are given in Table 804.042. 

Table 804.042 Nominal mixes 

 

Constituent or Property Grade 1:4:8 

Concrete 

Grade 1:3:6 

Concrete 

Grade 1:2:4 

Concrete 

Cement (kg) 50 50 50 

Total aggregate (m3) 0.40 0.30 0.20 

Max. total water (litre) 50 42 30 

Estimated 28 day compressive 

strength (MPa) 

8 15 20 

Notes: 

 The maximum size of coarse aggregate in mm required in a mix shall be designated as a 

suffix to the class, e.g. Grade 1:4:8/40. 
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 The ratio of fine to coarse aggregate shall be adjusted to produce a dense workable mix. 

 The total quantity of water shall include that contained in the aggregates. 

Consistency and Workability 

The concrete shall be of suitable workability without the excessive use of water so that it can be 

readily compacted into the corners of the formwork and around reinforcement, tendons and ducts 

without segregation of the material. Workability shall be assessed by means of the slump test. 

 

804.05 MEASUREMENT OF MATERIALS 

(a) Cement 

Where cement is supplied in standard bags the bags shall be assumed to contain 50 kg. 

All cement taken from bulk storage containers and from partially used bags shall be 

batched by mass, to an accuracy of within 3 per cent. 

(b) Water 

Mixing water for each batch shall be measured, either by mass or by volume to an 

accuracy of within 3 per cent. 

(c) Aggregates 

All aggregates shall be measured separately by mass, except as otherwise provided in 

this Clause, to an accuracy of within 3 per cent. Volume batching shall not be. 

Separate fine and coarse aggregates shall be used except for Grade 10 concrete where 

all-in aggregate may be used. 

(d) Admixtures 

Any solid admixtures to be added shall be measured by mass, but liquid or paste 

admixtures may be measured by volume or mass. The quantity shall be measured to an 

accuracy of within 5 per cent. Admixtures shall only be thoroughly mixed with the water 

for the concrete batch, prior to mixing with the aggregates and cement.  

(e) Adjustment to mix Proportions 

During production adjustments of mix proportions may be made in order to minimise the 

variability of strength and to approach more closely the target mean strength. Such 

adjustments are regarded as part of the proper control of production but the specified 

limits of minimum cement content and maximum water/cement ratio shall be maintained. 

Changes in cement content shall be declared. Such adjustments to mix proportions shall 

not be taken to imply any change to the current margin. 
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804.06 MIXING 

(a) General 

Unless otherwise permitted by the Engineer, mixing of materials for concrete, shall be 

conducted by an experienced operator at a concrete batching plant located within 0.5km 

of the Site. Unless otherwise approved, mixing shall be carried out in a mechanical batch 

mixer of approved type and capable of producing a uniform distribution of ingredients 

through the batch. Calibration of the weighing mechanism of any batching plant shall be 

carried out in the presence of the Engineer prior to start of production and at such intervals 

as the Engineer may determine. 

(b) Charging the Mixer 

The sequence of charging shall be approved by the Engineer and, unless otherwise 

instructed, the same sequence shall be maintained. The volume of the mixed material per 

batch shall not exceed the manufacturers rated capacity of the mixer. 

(c) Mixing and Discharge 

The period of mixing shall be measured from the time when all materials are in the drum 

until the commencement of discharge. The mixing period shall be sufficient to ensure that 

the aggregates, water and additives are thoroughly mixed to a uniform consistency. The 

first batch to be run when starting with a clean mixer, shall contain only 2/3 of the required 

amount of coarse aggregate to facilitate “coating” of the mixer drum. 

Discharge shall be so carried out that there is no segregation of the materials in the mix. 

The mixer shall be emptied completely before it is recharged. 

(d) Maintenance and Cleaning of the Mixer 

If the mixer has stopped running for any period in excess of 30 minutes, it shall be 

thoroughly cleaned out, particular attention being paid to the removal of any build-up of 

materials in the drum, in the loader, and around the blades or paddles. Worn or bent 

paddles shall be replaced. Before any concrete is mixed, the inner surfaces of the mixer 

shall be cleaned and all hardened concrete shall be removed. 

(e) Standby Mixer 

When concreting elements, particularly piles, where it is important that concreting should 

continue without interruption, a standby mixer shall be held in readiness to run on 15 

minutes notice in case of breakdown of the stock mixer. 

(f) Ready Mix Concrete 
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Ready mix concrete as defined in AS 1379 batched off the site may be used only with the 

agreement of the Engineer and shall comply with all requirements of the contract. The 

concrete shall be carried in purpose made agitators, operating continuously, or truck 

mixers. Prior to the discharge of concrete at the site, the mixer or agitator shall be operated 

at a mixing speed for a minimum period of one minute or until the concrete achieves the 

required uniformity. 

When truck mixed concrete is used, water shall be added under supervision, either at the 

site or at the central batching plant, as agreed by the Engineer but in no circumstances 

shall water be added in transit. 

Concrete shall be discharged at the works within 60 minutes of the time of addition of 

water except that delivery times may be extended by the Engineer if the concrete 

temperature is less than 30C or if other means have been incorporated to offset the 

hydration of the cement. Unless otherwise agreed by the Engineer, truck mixer units and 

their mixing and discharge performance shall comply with the requirements of AS 1379.  

 

804.07 PLACING AND COMPACTION 

(a) General 

Concrete shall be transported and placed in a manner that will prevent segregation, or 

loss of constituent materials and contamination. Concrete shall not be placed in any part 

of the works until the Engineer’s approval has been given. If concreting is not started 

within 24 hours of approval being given approval shall again be obtained from the 

Engineer. 

Concrete operations shall only be carried out during daylight hours unless proper lighting 

arrangements have been made and lights are in working order by noon. Workman shall 

not be allowed to work double shifts and the Contractor shall provide a fresh team for 

nightshifts. The placing and compaction of concrete shall at all times be under the direct 

supervision of an experienced concrete Engineer. 

Once concreting has begun it shall be carried out in a continuous process between 

construction joints. Concrete shall be placed within 15 minutes from completion of mixing 

and within one hour from the start of mixing. All excavations and other contact surfaces 

of an absorbent nature such as timber formwork shall be damp but no free water shall be 

permitted to remain on these surfaces. The formwork shall be cleaned internally. 

(b) Placing 

Whenever possible concrete shall be deposited vertically into its final position. Where 

chutes are used the length and slope shall be such as not to cause segregation and 
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suitable spouts or baffles shall be provided at the lower end to prevent segregation. The 

displacement of concrete by vibration instead of direct placing will not be allowed. 

Concrete shall not be allowed to fall freely through a height of more than 1.5m. 

Care shall be taken when casting bridge decks of substantial thickness to avoid layering 

of concrete and the whole thickness shall be placed in one pass. Fresh concrete shall not 

be placed against concrete that has been in position for more than 30 minutes unless a 

construction joint is formed. 

Pumping of concrete shall be subject to the approval of the Engineer. Aluminium pipes 

shall not be used for this purpose. 

In plain concrete of thickness more than 300mm, hard clean stone “plums” of mass 15-55 

kg, may if approved, be included to displace concrete for up to 20 per cent of the total 

volume provided that: 

 Such plums have no adhering films or coatings;  

 No plums have a dimension greater than one third of the smallest dimension of 

the concrete member or 300mm whichever is less; and  

 Each plum is surround by at least 75mm of concrete. 

(c) Placing concrete with pumping equipment 

Placing of concrete using concrete pumps will only be permitted when the Contractor has 

submitted evidence of the suitability of the proposed mix proportions for a special concrete 

pump mix in accordance with Clause 804.04 (b). Before concrete is pumped into the 

forms, an initial discharge of concrete shall be pumped to waste until a consistent 

workable mix is discharged. Aluminium pipes shall not be used for the delivery of pumped 

concrete. The Contractor shall ensure that a stand-by pump is available. 

(d) Placing Under Water 

Normally concrete shall only be placed in the dry. Placing under water shall be allowed 

only in exceptional circumstances where in the opinion of the Engineer it is not feasible to 

dewater before placing. No concrete shall be placed in flowing water. Underwater 

concrete shall be placed by means of tremies. Full details of the method proposed shall 

be submitted in advance to the Engineer for his approval. Placing by skip or pipeline will 

also be considered in certain circumstances. 

During concreting by tremies, air and water must be excluded from the tremies by keeping 

the pipe filled with concrete at all times. In charging the tremie a plug formed of suitable 

paper, sacking or vermicalite granules shall be first inserted in the top of the pipe. Once 
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concreting has begun the discharge end of the tremie shall be kept well below the surface 

of the concrete. Should this seal be broken the tremie shall be lifted and plugged before 

concreting is recommenced. Distribution of concrete by lateral movement of the tremie 

will not be permitted. 

During and after concreting under water, pumping or dewatering operations in the 

immediate vicinity shall be suspended until the Engineer permits them to be continued. 

The concrete mix used for under water placing shall be specifically designed and 

approved for this purpose to ensure good flowability, plasticity and cohesion. Increased 

sand and cement contents over normal mixes will usually be required. 

(e) Compaction 

Concrete shall be fully compacted by approved means during and immediately after 

placing. It shall be thoroughly worked against the formwork around the reinforcement, 

tendons, ducts and embedded fittings and into corners to form a solid mass free from 

voids. The concrete shall be free from honeycombing and planes of weakness and 

successive layers of the same lift shall be thoroughly bonded together. 

Unless otherwise agreed by the Engineer concrete shall be compacted by means of 

vibrators. Internal vibrators shall be capable of producing not less than 10,000 cycles per 

minute and external vibrators not less than 3,000 cycles per minute. Sufficient standby 

vibrators shall be held available in case of breakdown. 

Vibrators shall be applied by experienced labour and over vibration resulting in 

segregation, surface water and leakage shall be avoided. Contact with reinforcement and 

formwork shall, as far as practicable be avoided when using internal vibrators. Concrete 

shall not be subjected to disturbance by vibration within 4 to 24 hours after compaction. 

Whenever vibration is applied externally, the design of the formwork and positioning of 

vibrators shall be such as to ensure efficient compaction and avoidance of surface 

blemishes all subject to prior approval of the Engineer. Internal vibrators shall always be 

used when external form vibrators are used. 

Concrete shall be deposited in horizontal layers not more than 350 mm thick except in the 

manufacture of prestressed concrete members.  For prestressed members the concrete 

shall be built up to the full depth of the section and the concrete face moved forward 

progressively.  For prestressed concrete members over 600 mm deep this may occur in 

two or three passes. 

During and immediately after placing, the concrete shall be effectively compacted by 

internal vibrators of adequate size, number and frequency and supplemented as required 

by external form vibrators.  A minimum of two internal vibrators shall be provided at any 
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time. 

Vibration shall be applied to the full depth of each layer and extended into the top 100 mm 

of the underlying layer.  Vibration shall continue at each point until air bubbles cease to 

emerge from the concrete, then withdrawn slowly to avoid leaving a defect.  Concrete 

shall not be vibrated to the point where segregation of the ingredients occurs. 

Internal vibrators shall be inserted vertically at successive locations at spacings not 

exceeding the manufacturer's stated zone of influence, and shall not be allowed to rest 

on the steel reinforcement, embedded fixtures or formwork. 

Vibration shall not be applied either directly or through the reinforcement to any concrete 

which has taken its initial set.  

Concrete decks or slabs shall be compacted by internal vibrators and vibrating screeds 

such that uniform consolidation is achieved throughout the deck and slab area. Special 

attention shall be given to the compaction of concrete in the anchorage zones and behind 

the anchor plates and in all places where high concentrations of reinforcing steel or cables 

occur. 

In such cases where the placing and compaction of concrete is difficult a mix containing 

small size aggregate may be used but only with the approval of the Engineer and after a 

mix containing such aggregate has been designed and tested. 

 
804.08 CONSTRUCTION JOINTS 

(a) General 

Concreting shall be carried out continuously up to the construction joint shown on the 

working drawings or as approved, except that is, because of an emergency (such as 

breakdown of the mixing plant or the occurrence of unsuitable weather), concreting has 

to be interrupted, a construction joint shall be formed at the place of stoppage in the 

manner which will least impair the durability, appearance, and proper functioning of the 

concrete. 

Unless otherwise shown on the drawings the exact position of horizontal construction 

joints shall be marked on the formwork by means of grout checks in order to obtain truly 

horizontal joints. Stub columns or stub walls on footings shall be cast integrally with the 

footings and not afterwards. 

(b) Preparation of Surfaces 

When the concrete has set and while it is still green the surface film and all loose material 

shall be removed, without disturbing the aggregates, by means of a water jet assisted by 
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light brushing to expose the aggregate and leave a sound, irregular surface. Where this 

is not possible the surface film shall be removed after the concrete has hardened by 

mechanical means appropriate to the degree of hardness to the concrete so as to expose 

the aggregate and leave a sound, irregular surface. The roughened surface shall be 

washed with clean water to remove all laitance, dirt and loose particles. 

(c) Placing Fresh Concrete at Construction Joints 

When fresh concrete is placed the same day as the construction joint was formed the 

fresh concrete shall be cast directly against the face of the construction joint. When 

concreting recommences a day or more after the forming of the construction joint the 

following procedure shall be followed. 

The construction joint shall be kept continuously wet for a period of at least two hours 

before concreting starts but shortly before reconcreting further application of water shall 

cease so that the surface is just damp when further concreting has to commence. Any 

dirt, excess water and loose particles shall be removed prior to starting reconcreting. 

Epoxy resins specially designed for bonding old concrete to new shall be used at 

construction joints where so directed by the Engineer. The preparation of the construction 

joint surface and the application of the epoxy resin shall be strictly in accordance with the 

manufacturer’s recommendations and the Engineer’s instructions. The actual brand and 

type of resin used shall be subject to the Engineer’s approval. 

 

804.09 CURING AND PROTECTION 

Formwork shall be retained in position for the appropriate times given in Clause 804.9 and as soon 

as practicable in the opinion of the Engineer, all exposed concrete surfaces shall be protected from 

loss of moisture by one or more of the following methods: 

 Retaining formwork in place for the full curing period. 

 Ponding the exposed surface by means of water, except where atmospheric temperatures 

are low i.e., less than 5ºc. 

 Covering with sand, or mats made of a moisture retaining material and keeping the covering 

continuously wet. 

 Continuous spraying of the whole area of the exposed surfaces with water (only on surfaces 

where ponding or sand cover is not possible). 

 Covering with a waterproof or plastic sheeting firmly anchored at the edges. 

 Using an approved curing compound applied in accordance with the manufacturer’s 

instructions except that where the surface must be subsequently waterproofed, coated or 
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gunited this method shall not be used. Curing compounds shall comply with the requirements 

of AS 3799 and shall be pigmented as specified or as required by the Engineer. 

 Steam curing (precast units) 

The method of curing adopted shall be subject to the Engineer’s approval and shall not cause 

staining, contamination, or marring of the surface of the concrete. 

The curing period shall be continuous for at least 7 days for concrete made with Portland 

cement, at least 7 days for that made with rapid hardening Portland cement, and at least 9 

days if Portland blast furnace cement or a 50/50 mixture of Portland cement and ground 

granulated blast furnace slag is used. When the temperature of concrete falls below 5ºC 

these minimum curing periods shall be extended by the period during which the temperature 

of the concrete was below 5ºC. Curing of the concrete shall be accomplished by means of a 

fog spray to keep it wet continuously for the period stated above or until a curing compound, 

meeting the requirements of AS 3799 is applied. Where a curing compound is used, two 

coats of curing compound at the minimum application rate shall be applied. Wetting of the 

concrete shall be by means of a mixed spraybar along the full length of the sliding formwork. 

The spraybar shall be connected to a suitable high pressure water supply. Wetting shall be 

discontinued when the ambient air temperature drops below 5ºC and care shall be exercised 

to ensure that the water does not erode the fresh concrete surface. 

 

804.10 ADVERSE WEATHER CONDITIONS 

(a) Cold Weather 

Concrete shall not be placed during falling temperatures when the ambient air 

temperatures falls below 7ºC or during rising temperatures when the ambient air 

temperature is below 3ºC. When placing concrete at air temperature below 5ºC the 

concrete temperature shall not be below 10ºC. 

The temperature of placed concrete shall not be allowed to fall 5ºC until the concrete has 

attained a strength of at least 5 MPa and the Contractor shall be responsible for all 

protective measure necessary to ensure this. All concrete that has been damaged by frost 

or the formation of ice in the concrete shall be removed and replaced by the Contractor at 

his own expense. 

(b) Hot Weather 

When the ambient air temperature exceeds 32ºC during a concreting operation the 

Contractor shall take measures approved by the Engineer to control the temperature of 

the concrete ingredients so that the temperature of the placed concrete does not exceed 

25ºC. Such measures will include spraying aggregate stock piles with water to promote 
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cooling down by evaporation and where feasible shading of stock piles and the area where 

concrete is carried out. Curing shall commence immediately after placing of the concrete 

to prevent excessive moisture loss. 

 

804.11 PIPES AND CONDUITS 

No pipes and conduits other than those shown on the drawings shall be embedded in the concrete 

without the Engineer’s approval. The clear space between such pipes or any reinforcement shall be 

at least 40mm or the maximum size of the aggregate plus 5mm whichever is the greater. The amount 

of concrete cover over pipes and fittings shall be at least 25mm. 

The ends of all ferrules used for bracing formwork shall be neatly finished off to the details shown 

on the Drawings. Where no details are given on the Drawings ferrules shall be cut back and the 

holes filled in with mortar and finished off flush with the concrete surface. 

 

804.12 APPLIED LOADING 

No load shall be applied to any part of a structure until the specified curing period has expired, and 

thereafter, applied loading shall only be allowed after approval by the Engineer. The Engineer’s 

decision will be based on the type of load to be applied, the age of the concrete, the magnitude of 

stress induced and the propping of the structure. No structure shall be opened to traffic until test 

cylinders made of the concrete in all parts thereof have attained the specified minimum 28 day 

strength. 

 

804.13 PRECAST CONCRETE 

This clause applies to all reinforced and prestressed concrete members other than precast concrete 

piles, culverts and pipes in as far as they are dealt with separately elsewhere in these Specifications. 

All precast members shall be manufactured in accordance with the requirements specified for cast 

in situ members in as far as these requirements are relevant. In additional the following shall apply: 

The Contractor shall take all necessary safety measures and precautions during the handing and 

erection of precast members and for the stability of members as positioned prior to casting-in. Where 

concrete members are precast offsite the manufacturer shall keep, and make available to the 

Engineer, full records of all concrete mixes and strength tests pertaining to the members cast. The 

Contractor shall notify the Engineer in advance of the casting dates to arrange for inspection and 

testing of precast members.  

For the purpose of identification all members shall be marked with paint in neat lettering with the 

member number shown on the Drawings or ordered by the Engineer and an identification number 

relating to the manufacturing records, letters etc., shall be so positioned as not to be visible when 

the member is placed in its final position in the completed structure. All precast members that have 
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been chipped, cracked, warped or otherwise damaged to the extent that such damage will be in the 

opinion of the Engineer prejudice the appearance, function or structural integrity of the members 

shall be rejected or where so allowed, repaired to the satisfaction of the Engineer. 

 

804.14 TESTING AND QUALITY CONTROL 

(a) Process Control 

Testing of aggregates 

Coarse aggregates shall be tested for grading once for every 100m3 delivered on site 

and fine aggregate once for every 50m3 delivered, or more frequently if considered 

necessary. 

 Sampling of concrete to obtain concrete cylinders for 7 and 28 day crushing shall 

be controlled by the Contractor at not less than the following frequencies as 

shown in Table 804.141: 

Table 804.141 Testing of aggregates 

Volume per day No of samples (minimum) 

0 – 8 m3 1 

8 – 20 m3 2 

20 – 40 m3 3 

40 – 80 m3 4 

 

For each additional 40m3 one additional sample will be taken. 

A sample test shall be the test results of one 7 day and an average value for two 28 

day cylinders prepared from the same batch of concrete, the samples being 

consolidated in the moulds by rodding as per AS 1012. 

The above sampling will be carried out by the Contractor in the presence of the 

Engineer. 

The Contractor will be responsible for the stripping, curing, handling and cartage of 

the concrete test cylinders to a laboratory as nominated by the Engineer where they 

will be cured and test by the laboratory. The Contractor is to provide written details 

to the laboratory when delivering these cylinders which shows the following 

information: 
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- nature of samples and dates on which these where taken 

- sample identification marks 

- class of concrete and slump recorded 

- concrete position in the works 

 Accelerated cylinder crushing tests 

In the case of major structures the Contractor is advised to carry out regular 

accelerated compressive strength tests in order to predict the 28 day compressive 

strength of concrete i.e., testing one cylinder at 7 days as specified above. The 

methods of testing and predicting 28 day strengths shall be as determined in 

consultation with the Engineer. Whenever accelerated tests indicate that the 28 

day strengths will not be obtained the Contractor shall immediately effect such 

changes in materials and mix proportions as may be necessary to ensure future 

compliance. 

 Control Charts 

The Contractor shall institute a system of control charts depicting test results of 

all concrete 7 and 28 day strengths. 

 Provision of Records 

The Contractor shall maintain written records that provide the following: 

- Date on which each section concreted, class of concrete, time was taken 

to place, the position of the section in the works. 

- Daily maximum and minimum temperatures 

- Nature of samples and dates on which they were taken, including 

identification marks. 

- Results of tests on samples taken and description of concrete section 

represented by samples. 

These records shall be maintained in a form agreed by the Engineer and shall at 

all times be up to date and available to the Engineer for inspection. 

 Quality Control by Engineer 

Routine inspection and quality control will be carried out by the Engineer. The 

testing of concrete shall be specified in Clause 804.04. 

Strength testing 
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The characteristic strength is that 28 day cylinder strength below which not more 

than 5% of test results may be expected to fall. Compliance with the specified 

characteristic strength shall be judged by tests made on cylinders at an age of 28 

days unless a particular testing regime is capable, to the satisfaction of the 

Engineer, of predicting the strength at 28 days, of concrete tested at an earlier 

stage, when compliance may be based on the results of such tests alone. 

Concrete shall be sampled at the rate shown in the tabulation under 804.14 (a) 

and a set of three test cylinders shall be made from each sample. 

The samples should, where practicable, be taken at the point of discharge from 

the mixer. 

Criteria for compliance with requirements 

The Specification will be satisfied if the average compressive strength of the two 

cylinders tested at 28 days is not less than the specified 28 day strength, provided 

that the compressive strength of either cylinder is not less than 90% of the 

specified strength. 

Compliance with workability requirements may be assumed if the test results are 

within the following limits as shown in Table 804.142 

Table 804.142 Slump testing 

Specified slump, 

mm 

Tolerance, 

mm 

<60 ±10 

≥60     ≤80 ±15 

  >80     ≤110 ±20 

 >110   ≤150 ±30 

>150 ±40 

• Slump ± 20mm 

Procedure in the event of failure 

Any concrete represented by test cylinders failing to meet the criteria specified 

for the compressive strength may be rejected, or: 
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The Contractor may apply for resubmission of the concrete in question on the 

basis of cores drilled to the approval of the Engineer. The method of taking cores, 

testing them and evaluating the test results, shall be as described hereinafter in 

Clause 804.14(b). The procedure for determining compliance of test results shall 

be as specified hereinafter in Clause 804.14(b) (iv). The costs of drilling and 

testing the cores shall be for the Contractor’s account regardless of the outcome 

of the tests on the cores. Before cores are taken, the members concerned shall 

be cured and allowed to age to at least 28 days but not more than 56 days. 

Where the Engineer so directs full scale load tests shall be carried out in 

accordance with his requirements to determine whether any structure or member 

can be accepted. The cost of such test shall be for the Contractor’s account 

regardless of the outcome of the tests. 

The Engineer may give consideration to the acceptance of the whole or part of 

the concrete represented by the samples at a reduced price in accordance with 

the General Conditions of Contract. 

In all cases where concrete that fails to meet the requirements for strength has 

been produced the Contractor shall immediately take the required remedial action 

by changing the mix proportions to obtain the required strength. 

Concrete cores – strength requirements 

The actual number of cores to be taken from a resubmitted lot shall depend on 

the size of the lot and the nature of the structure and will be determined by the 

Engineer. The lot shall be deemed to have met the requirements for characteristic 

strength if the “estimated potential strength” of the cores, determined as indicated 

under sub section (vi) of this clause, meets with the requirements specified in 

Clause 804.14 (b)(i) for 28 day cylinder compressive strength tests.  

Core locations shall be submitted for approval by the Engineer. 

Cores shall not be cut from prestressed concrete after the prestressing force has 

been applied or transferred to the concrete, unless the proposed coring is certified 

by the proof engineer.  The certification shall state that the proposed coring will 

not be detrimental to the prestressed concrete member. 

(b) Testing ordered by the Engineer 

Where routine testing of concrete cylinders is not carried out on site by the 

Engineer he may have the concrete cylinders that have been made by himself 

tested at the Fiji Roads Authority’s nominated laboratory to confirm the 
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contractor’s cylinder results. 

The Engineer may order the following additional facilities to be provided by the 

Contractor for the sampling and testing of concrete: 

(i) Testing Equipment 

Concrete coring machine 

A concrete coring machine shall be capable of drilling 100mm or 150mm cores 

through the full depth of a concrete pavement where specified. 

(ii) Tests 

The following additional tests methods shall apply to concrete: 

Coring and testing of cores 

Where it is desired that sections of concrete which have failed to meet the 

Specifications be further investigated by the extraction and testing of concrete 

cores, 100 or 150mm cores shall be drilled and tested. The sampling and testing 

procedure to be followed shall be in accordance with AS 1012. 

The instruction of this report shall be followed to determine the “estimated 

potential strength”, which shall be compared with the specified 28-day cylinder 

strength specified for each type of concrete. The corrections to be applied to the 

actual core strength to allow for excess voids, included steel and length/diameter 

ratio of cores shall be as stated in this publication and the correction for curing 

history shall be determined by the Engineer in accordance with this publication 

and such other information as he may consider applicable. 

The Engineer’s decisions regarding the properties, suitability and measure of 

compliance of concrete represented by cores tested as described above, shall be 

final and binding. 
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SECTION 805 – PRESTRESSING 

 

805.01 SCOPE AND DEFINITIONS 

The section covers the materials, equipment and work required to prestress structural concrete 

members. 

The following definitions and terms shall apply to this section: 

(a) Anchorage 

Anchorage is the device comprising all the components and materials required to retain 

the force in a tensioned tendon and to transmit this force to the concrete of the structure. 

(b) Anchorage Reinforcement 

Anchorage reinforcement is the spiral and other reinforcement that forms part of the 

anchorage and is required to strengthen the anchorage and/or assist in transmitting the 

tendon force into the concrete. 

(c) Bursting Reinforcement 

Bursting reinforcement is the reinforcing steel required in and adjacent to the anchorage 

zones to resist the tensile stresses induced in the concrete by the anchorage(s). 

(d) Cable 

Cable is the tendon together with the anchorage, sheathing and all fittings. 

(e) Characteristic Strength 

Characteristic strength of prestressing steel is the manufacturer’s guaranteed tensile 

strength below which no more than 5 percent of test results in a statistical population shall 

fall. 

(f) Duct 

Duct is the void formed to house the tendon(s) and may be formed by coring, sheaths or 

extractable cores. 

(g) Prestress 

Prestress is the stress induced in concrete by tensioned tendons. 

(h) Prestressed concrete 

Prestressed concrete is structural concrete in which effective internal stresses are induced 

by means of tensioned tendons. 
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(i) Pre-tensioned Concrete 

Pre-tensioned concrete is prestressed concrete where the tendon is tensioned before the 

concrete has been cast. 

(j) Post-tensioned concrete 

Post-tensioned concrete is prestressed concrete where the tendon is tensioned after the 

concrete has hardened. 

(k) Pull-In 

Pull-in is the elastic shortening of the tendon caused by relative movement between the 

anchorage or coupler components due to seating and gripping action during or 

immediately after transfer. 

(l) Release 

Release is the specified elastic shortening of the tendon at the anchorage that shall be 

achieved before or during transfer. 

(m) Sheath 

Sheath is the tube or casing enclosing the tendon and which temporarily or permanently 

allows a relative movement between the tendon and surrounding concrete. 

(n) Tendon 

Tendon is the prestressing steel consisting of bar, wire or strand individually placed, or 

bars, wires or strands placed in a duct, all of which are tensioned to impart prestress to a 

concrete member. 

(o) Tensioning 

Tensioning is the action of inducing and regulating the force in a tendon by means of 

tensioning and measuring equipment. 

(p) Transfer 

Transfer in the case of pre-tensioned concrete is the action of transferring the tensioning 

force from the tensioning equipment (jack) to the anchorage. 

Transfer in the case of pre-tensioned concrete is the action of transferring the force in the 

tensioned tendon(s) to the concrete. 

 

805.02 MATERIAL 

(a) General 
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All materials and prestressing systems used in the prestressing of structural concrete 

member shall be subject to the approval of the Engineer. 

(b) Prestressing Steel 

General 

The type of prestressing steel shall be designated by the characteristic strength 

and 0.2% proof stress, or the characteristic strength and the yield stress, 

expressed by the two figures in MPa units in that order, e.g. 1770/1500. 

The Contractor shall keep proper records of all material analyses and test 

certificates of the batches of prestressing steel used in the Works. Where required 

by the Engineer the Contractor shall produce certificates from recognised testing 

authorities certifying compliance of the prestressing steel with the relevant 

standard specifications listed in Clause 805.2(b) . 

Where prestressing steel is available in weld free lengths (production lengths) and 

lengths containing welds (standard lengths) the batches delivered on site shall be 

clearly labelled for identification. 

In no circumstances shall prestressing steel after manufacture be subjected to 

heat treatment other than provided for in these Specifications. 

Bars 

Cold-worked high tensile alloy steel bars for prestressed concrete shall comply 

with the requirements of BS 4486. 

Wires 

Steel wire for prestressed concrete shall comply with the requirements of AS/NZS 

4671. 

Seven-wire Strand 

Seven-wire strand for prestressed concrete shall comply with the requirements in 

AS 2193 or have properties that are not inferior. 

Straightness 

Prestressing bars delivered on site shall be straight. Only small adjustments for 

straightness may be made and shall be done by hand on the site at temperatures 

above 5C and under the supervision of the Engineer. Where heating is required 

this shall be by means of steam or hot water. Bars bent in the threaded portion 

shall be rejected. 
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Prestressing wire and strand shall be supplied in coils of sufficiently large diameter 

to ensure that the wire and strand pay off straight. 

Surface Condition 

Prestressing steel shall be clean, free from faults and defects, and harmful films 

matter that may impair adhesion to the grout or concrete. A film of rust is not 

necessarily harmful and may improve the bond. It may, however, increase the 

tendon/duct friction. 

The depth of imperfections or pits on the surface of prestressing steel shall not 

exceed 0.1 mm for wire of up to and including 8 mm diameter, or 0.2 mm for bars 

or wire of diameter larger than 8 mm. 

Steel that shows any evidence of damage, kinks or bends shall not be used. 

Tendons may be cleaned by wire brushing or by passing through a pressure box 

containing carborundum powder. Solvent solutions shall not be used for cleaning 

without the approval of the Engineer. 

Prestressing steel shall be delivered to Site suitably protected against damage and 

corrosion. Such protection or the use of a corrosion inhibitor where allowed by the 

Engineer shall not have any deleterious effect on the steel or concrete or impair 

the bond. 

Galvanising 

Galvanised prestressing steel shall not be used unless specified. In no 

circumstances shall prestressing steel be subjected to galvanising after 

manufacture. 

Welds 

Prestressing steel used in structural prestressed concrete shall be weld free. 

Where the steel is supplied in standard lengths the welds shall be cut out and 

delivered to the Engineer. 

(c) Anchorages and Couplers 

Anchorages and couplers for use in prestressed concrete shall comply with the 

requirements of AS/NZS 1314 and shall be of a proved and approved type, constructed 

of durable material completely free from imperfections and shall not damage, distort or 

kink the prestressing steel in a manner that would result in ultimate tensile strength 

reduction. They shall resist, without failure and/or excessive deformation or relation of the 

force in the tendons, the full ultimate tensile strength of the tendons. The characteristic 
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value for anchorages and couplers, determined in accordance with AS/NZS 1314, shall 

not be less than 90%. The Contractor shall supply the test certificates from recognised 

testing authorities certifying compliance of the anchorages with the requirements of 

AS/NZS 1314 to the Engineer on delivery of the anchorages. 

The anchorages shall effectively distribute the force in the tendon to the structural member 

and the resulting local stresses and strains in the member shall be so limited as to prevent 

damage. Wedges and the inside of barrels or cones shall be clean to allow free movement 

and seating of the wedges inside the taper. 

The threads of bars, nuts, anchorages and couplers shall be suitably protected against 

damage and corrosion. The protection shall be removed at the last moment and the 

threads properly lubricated before use.  

Spiral or other reinforcement specified by the manufacturer for use in conjunction with 

anchorage devices shall be of the size and dimensions recommended by the 

manufacturer for the post-tensioning system. 

Anchorages shall be kept free from dirt, mortar, loose rust, tar, paint, oil, or any other 

harmful substances. 

All steel components including threads shall be protected from corrosion by greased 

wrappings or plugs until required for use. 

Damaged anchorage components shall not be used. 

25 mm minimum diameter grout holes shall be provided at both anchorages and shall be 

placed at the highest point of the anchorage.  Each of the grouting holes shall be equipped 

with a plug valve or similar device capable of withstanding a pressure of 1.0 MPa without 

loss of water, air or grout 

(d) Sheaths 

Sheaths shall be of grout-tight construction and of such material and configuration that 

bond forces can be transferred from the grout to the surrounding concrete. The properties 

of the sheath material shall be sufficiently flexible to accept the required curvature without 

kinking as well as strong enough to retain its cross section and alignment and resist 

damage due to handling, transporting, tying and contact with vibrators during concreting. 

Metal sheathing shall not be used. At the same time of incorporation in the structural 

member the sheathing shall be free from lubricants and harmful matter. 

External and internal sheath surfaces shall be kept free from loose rust, oil, grease, tar, 

paint, mud or any other harmful substances that might impair the bond between the sheath 
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and the concrete or grout, contaminate the tendons or alter the co-efficient of friction of 

the sheath. 

Unless specified otherwise, the internal diameter of the sheath shall be at least 10 mm 

greater than the diameter of the tendon. For vertical tendons and when tendons are to be 

drawn into cast-in sheaths, the duct areas shall be at least three times the cross sectional 

area of the tendon. 

(e) Cable Supports 

Supports of reinforcing steel or structural steel suitably braced to prevent buckling under 

load shall be used to support the cables. The cable saddles shall be rigid and secured in 

position by welding or equivalent mechanical means to resist both gravitational and 

buoyancy forces. Normal web reinforcement shall not be utilised to support cables. 

Saddles for external cables shall be of special design and material to ensure low friction 

and to prevent the tendon or parts thereof from grooving the surface. The saddle plates 

shall be curved to the requisite radius to prevent the tendon or part thereof from bearing 

on the end of the plate and shall incorporate features to ensure that individual bars, wires, 

and strands are seated separately. 

(f) Tendon Spacers 

Tendon spacers used inside the ducts to separate individual bars, wires and strands of 

the tendon shall be of a proved and approved type and manufactured material that will 

not induce corrosion of the prestressing steel. 

(g) Grout 

Tendons shall be grouted as soon as practicable, but not more than two weeks after their 

installation.  If tendons cannot be grouted within this period of time, the duct shall be 

sealed to protect the tendons from corrosion. 

Prestressing anchorages shall be sealed before grouting, to prevent loss of grout. 

(h) Protection Agents for Unbonded Tendons 

The material used for permanent protection of unbonded tendons shall have the following 

properties: 

 It shall remain free from cracks and not become brittle or fluid within the 

temperature range of -20C to 70C. 

 It shall be chemically stable for the life of the structure. 

 It shall be non-reactive with the surrounding materials, i.e. concrete, tendons, 
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wrapping or sheathing. 

 It shall be non-corrosive or corrosion inhibiting. 

 It shall be impervious to moisture. 

 It shall be sufficiently tough to withstand the abrasion caused when a tendon, 

pre-coated with the material, is drawn into the sheath. 

 It shall have no appreciable shrinkage or excessive volume increase. 

 It shall have a suitable viscosity at ambient temperature or require only 

moderate pre-heating to permit injection. 

(i) Testing 

Prestressing steel, anchorage and couplers, and grout shall be tested in accordance 

with the requirements of Series 800. Materials and Testing shall be carried out at the 

frequencies as directed by the Engineer. 

 

805.03 EQUIPMENT 

(a) General 

All equipment used shall be in good working order and properly maintained. 

(b) Tensioning and Measuring Equipment 

The Contractor shall maintain current calibration certificates conforming to the requirements of 

AS 2193 Grade B for the jack and pressure gauges or other force measuring devices.  Jacks and 

pressure gauges and other devices shall be calibrated and used as a single unit.  Calibration to 

AS 2193 shall be carried out by an independent laboratory. 

The power unit shall be adjusted so that the rate of extension of the tendon is within the specified 

limits. The measuring equipment shall permit measurement of the tendon force prior to lock-off to 

the degree of accuracy required by AS 2193 Grade B.  The measuring equipment used shall permit 

elongation to be determined to an accuracy of ±2%. The equipment shall prevent unwinding of the 

strand during tensioning. 

The sag take-up force in the tendons shall be measured with equipment which complies with the 

repeatability and accuracy requirements of AS 2193 Grade B, at a scale mark at which the 

equipment has been calibrated.  The readability requirements of AS 2193 Grade B shall be ignored 

for the purpose of establishing sag take-up.  Sag take-up force shall not exceed 20% of the required 

tendon force, and shall be not less than 10% of the required tendon force or 10% of gauge capacity, 

whichever is the greater. 
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Tensioning and measuring equipment shall be such that the tendon force can be established to an 

accuracy of + 2% during any stage of the tensioning operations. Unless authorised otherwise by the 

Engineer, tensioning equipment shall be power driven and shall be such that a controlled total force 

can be applied gradually without inducing dangerous secondary stresses in the tendon, anchorage 

or concrete. 

The force in the tendon during tensioning shall be measured by direct-reading load cell(s) 

(dynamometer) or obtained directly from pressure gauges fitted in the hydraulic system to determine 

the pressure in the jacks. Pressure gauges shall be concentric scale complying with the 

requirements of AS 2193. The gauges shall not be less than 150 mm diameter and shall be used 

within the range of 50-90% of their full capacity at maximum service pressure. 

When pressure gauges not using glycerine are used, a snubber or similar device shall be fitted to 

protect the gauge against sudden release of pressure. Provision shall also be made for T-

connections for the attachment, when required, of supplementary control gauges. Only self-sealing 

connections shall be used in the hydraulic circuit. Where the pressure input pipe connects to the 

jack a pipe rupture valve shall be installed in the circuit. 

Tensioning equipment shall be calibrated before the tensioning operation and thereafter at frequent 

intervals, as directed by the Engineer, against a master gauge or proving ring, and the Engineer 

furnished with a calibrated chart. The load-measuring devices shall be calibrated to an accuracy of 

+ 2%. 

(c) Extension of tendons 

Extension of tendons shall be measured to an accuracy of +2% or + 2mm, whichever is the more 

accurate, and pull-in and release to an accuracy of + 2mm.Grouting Equipment 

Mixer 

Only mechanically operated mixers or a type capable of producing high local turbulences while 

imparting only a slow motion to the body of the grout shall be used. 

The mixer shall be equipped with a screen with openings not exceeding 1 mm and shall be capable 

of consistently producing grout of a colloidal consistency. 

Injection Equipment 

The pump shall be of the positive displacement type (piston, screw or similar type), capable of 

exerting a constant pressure of at least 10 bars on completely grouted cables and shall incorporate 

a safety device to prevent the build-up of pressure above 20 bars. The pump shall be fitted with a 

pressure gauge and a valve that can be locked-off without loss of pressure in the cable. 

The pump shall be capable of delivering grout such that the speed of the grout in the cable is 
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between 6 and 12 m per min. All connections in the pipes and between the pipe and the cable shall 

be air tight. Only threaded, bayonet or similar type connections shall be used. 

 

805.04 TECHNICAL DATA 

The following technical data for pre-tensioned and post-tensioned structural members required on 

the Contract will be supplied on the Drawings: 

(a) Tension Alignment 

A diagrammatic layout showing the alignment of each tendon or group of tendons in both 

the horizontal and vertical planes together with the ordinates, offset dimensions and curve 

equations of the centroid of the tendon(s), as relevant. 

(b) Tendon Systems 

The tendon system on which the design is based, designated by the number and nominal 

diameter of the bars, wires or strands per tendon and the type of prestressing steel, 

expressed in that order, e.g. 12k15 7-Hi strand 1818/1545. 

(c) Tensioning Force 

The maximum tensioning force and the effective force at the live anchorage(s) after 

transfer, as well as the corresponding stress level in the prestressing steel, for each 

tendon or group of tendons. The forces will be given in kN units, and the stress levels will 

be expressed as a percentage of the characteristic strength, the 0.2% proof stress or the 

yield stress of the prestressing steel, as relevant. 

(d) Extension 

The extension per tendon or group of tendons under the maximum tensioning force 

together with the modulus of elasticity (E) on which it has been based. The releases to be 

attained at each live anchorage as well as the pull-in allowed for. 

(e) Prestressing Losses in Tendons 

The losses allowed for in the design due to the causes listed hereunder will be given as 

follows: 

Friction Loss 

The formula used to determine the tendon/duct friction loss together with the value 

adopted for the friction coefficient due to curvature, and the wobble factor (k) due 

to unintentional variation from the specified alignment. 

Elastic Deformation of Concrete 
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The “elastic factor”, which when multiplied by the compressive stress in the 

concrete adjacent to the tendon will give the loss due to elastic deformation of the 

concrete. 

Creep of Concrete 

The “creep factor”, which when multiplied by the compressive stress in the 

concrete adjacent to the tendon will give the loss due to the creep of the concrete. 

Shrinkage of Concrete 

The stress loss in MPa due to shrinkage of the concrete. 

Relaxation of Prestressing Steel 

The stress loss in MPa at a stress level of 70% of the characteristic strength of the 

prestressing steel due to relaxation of the prestressing steel. 

(f) Anchorages 

The positions where loop or fan type dead-end anchorages may be used. 

(g) Bursting Reinforcement 

The bursting reinforcement for the prestressing system on which the design is based. 

(h) Precamber 

The precamber at intervals not exceeding 0.25 times the span length. 

 

805.05 PRESTRESSING SYSTEM 

The use of all prestressing systems will be subject to approval by the Engineer. Tenderers are 

advised to get approval for the prestressing system they intend using prior to submitting their 

tenders. Within one month after the award of the tender or within a period agreed by the Engineer, 

the Contractor shall submit full details on the prestressing system(s), materials and equipment he 

intends using as well as on the methods he proposes to adopt in the prestressing and related 

operations. 

The Engineer, at his own discretion, may call for further information in the form of detailed drawings, 

proof of successful previous use, and performance certificates from an approved independent 

testing authority and calculations substantiating the adequacy of the system. The Contractor shall 

furnish such information within 2 weeks of being called upon to do so or within a period agreed by 

the Engineer. If, after investigating all the information, the Engineer is not satisfied that the 

prestressing system offered by the Contractor, the Engineer reserves the right to order the 

Contractor to use any system which is suited to the work and which is readily available to the 
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Contractor. 

Only minor alterations to the concrete dimensions shown on the Drawings will be considered in order 

to accommodate the prestressing system finally selected. Major alterations due to the prestressing 

system offered by the Contractor and is incompatible with the tendon system specified in Clause 

805.04(b) shall be treated as “Alternative Designs”. 

 

805.06 DRAWINGS PREPARED BY THE CONTRACTOR 

All drawings prepared by the Contractor and submitted to the Engineer for consideration shall 

comply with the requirements of Section 101. 

The Contractor shall submit to the Engineer at least 3 months before he intends commencing with 

the prestressing work, drawings detailing the layout and alignment for the individual tendons, the 

cable supports, modification to the bursting and other reinforcement, anchorage recesses, 

tensioning sequence, tensioning loads and extensions, as well as requirements for the control of the 

tensioning operations. For the prestressing system finally selected, the technical data that are at 

variance with the information given on the Drawings shall be shown on the drawings. Each tendon 

shall be separately numbered for identification. 

When required, the Contractor shall submit calculations in respect of the variation of the tendon 

force along the length of the tendon, the expected extension and the bursting forces. 

After approval by the Engineer of the drawings and calculations prepared by the Contractor no 

departure shall be permitted from the forces, stresses and extensions shown thereon, without 

authorisation by the Engineer. 

No work shall commence on the prestressing work before the relevant drawings have been accepted 

and signed by the Engineer. 

The Contractor shall make full allowance in his tendered rates for all costs in connection with the 

furnishing of information, for performing calculations and for the preparation and submission of 

drawings. However, no allowance need be made for the cost of checking undertaken by the Engineer 

of drawings and calculations for work that does not qualify as alternative design. 

 

805.07 PRECAST WORK 

(a) Casting yard on the Site 

Subject to the approval by the Engineer, precast work may be done at any location 

selected by the Contractor. Before the casting yard is established the Contractor shall 

submit plans to the Engineer, demarcating the site and detailing the layout of the works 

together with a flow diagram of the construction stages and storage. 
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(b) Manufacture off the Site 

The Contractor shall notify the Engineer in advance of the date when tensioning of 

tendons, casting of members and transfer, as relevant, will be undertaken. Within 7 days 

after transfer, the Contractor shall submit to the Engineer a certificate giving the tendon 

force(s) and extension(s) attained as well as records of the cylinder crushing strength and 

age of concrete at transfer. 

Test results relating to all aspects of the work shall be sent to the Engineer immediately 

upon their becoming available. 

Where the Engineer requires tests to be carried out on completed members, no member 

to which the tests relate shall be dispatched to the site until the tests have been 

satisfactorily completed and the members accepted by the Engineer. 

(c) Manufacture 

Before work is commenced, details of the manufacture and phasing of the work shall be 

submitted to the Engineer for approval. After approval no changes shall be made to the 

methods or system without authorisation by the Engineer. 

The Contractor shall determine the precamber required to enable the final structure 

position to be at the time and level specified on the drawings. The magnitude of precamber 

shall be subject to variation depending on the Contractor’s construction programme and 

the Contractor shall, before manufacture ascertain in writing from the Engineer the 

increase or decrease in precamber required to achieve the correct structure profile. Lifting 

and supporting of precast members shall be made only at the points marked on the 

members and provided for. 

Precast members which have not been fully tensioned, fully stage tensioned or which 

have ungrouted tensioned tendons shall not be handled without authorisation by the 

Engineer. When members with ungrouted tensioned tendons are handled, control shall 

be exercised to guard against possible slip of the tendon at the anchorage. Prestressed 

precast concrete members shall also comply with the requirements of Clause 804.13. 

 

805.08 PRE-TENSIONING 

During the period between tensioning and transfer, the force in the tendon shall be fully maintained 

by some positive means. At transfer, de-tensioning shall take place slowly to minimise shock that 

could adversely affect the transmission length of the tendon. 

In the long-line method of pre-tensioning, sufficient locator plates shall be distributed throughout the 

length of the bed to ensure that the straight tendons are maintained in their proper position during 
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concreting. Where a number of units are manufactured in line, they shall be free to slide in the 

direction of their length and thus permit transfer of the tendon force to the concrete along the whole 

line. 

In the individual mould system, the moulds shall be sufficiently rigid to provide the reaction to the 

tendon so that friction losses are eliminated. If, however, a system is used that develops a frictional 

force, this force shall be determined by test and due allowance made. 

For single tendons the deflector in contact with the tendon shall have a radius of not less than 5 

times the tendon diameter for wire, or 10 times the tendon diameter for a strand, and the total angle 

of deflection shall not exceed 15. 

Transfer of the tendon force to the concrete shall be effected in conjunction with the release of hold-

down and hold-up forces as approved by the Engineer. Transfer shall not be effected until 

compressive strength tests on the concrete show that the concrete of the particular member has 

attained a compressive strength of at least 2.5 times the maximum compressive stress in the 

concrete or the strength shown in the Drawings. The transmission length is affected by the concrete 

strength and the necessary modification for the concrete strength at transfer shall be made in 

conjunction with the Engineer. The tendons shall be cut off flush with the end of the member and 

the exposed ends covered with a heavy coat of approved bituminous compound or epoxy resin. 

 

805.09 POST TENSIONING 

(a) Storage, handling and protection 

During storage, transit, construction and after installation the sheaths, prestressing steel, 

anchorages and couplers shall be protected against corrosion, damage or permanent deformation. 

The manner and extent of protection required will depend on the environmental conditions and the 

length of time before permanent corrosion protection is applied, and shall be to the satisfaction of 

the Engineer. Under severe corrosive conditions at coastal, damp and wet areas and under 

aggressive conditions the materials shall be stored clear of the ground and while in storage shall not 

be exposed to the weather. 

When prestressing steel has been stored on site for a prolonged period and there is evidence of 

deterioration of the steel the Engineer may call on the contractor to prove by tests that the quality of 

the steel has not been significantly impaired and still complies with the provisions of the 

Specifications. 

Suitable protection shall be provided to the threaded ends of bars. 

After fabrication the cable ends shall be covered with protective wrapping to prevent the ingress of 

moisture into the duct. 
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When the tendon is to be left untensioned for a prolonged period after installation, precautions shall 

be taken to protect the tendon against corrosion. Corrosion inhibitors, oils or similar materials used 

as lubricants or to provide temporary protection shall be such that they can be completely removed 

before permanent protection is affected. 

(b) Fabrication 

All cutting of prestressing steel shall be performed with a high-speed abrasive cutting wheel or 

method approved by the Engineer. Flame cutting shall not be permitted. 

Care shall be taken to prevent the prestressing steel or anchorages from coming into contact with 

splashes from flame cutting or welding processes in the vicinity. Where possible, all bars, wires or 

strands tensioned in one operation shall be taken from the same parcel of prestressing steel. The 

tendon or cable shall be labelled to show the tendon or cable number, as well as identify from which 

parcel the steel has been taken. 

Where bars, wires or strands in a tendon are not tensioned simultaneously, tendon spacers shall be 

used in accordance with the recommendations for the prestressing system, or in the absence 

thereof, as directed by the Engineer. 

Cables shall be fitted at both ends with pipes of at least 10 mm diameter for the injection of grout or 

protection agents. The ends of the injection pipes shall be fitted with a clamp, valve or device capable 

of withstanding a pressure of at least 15 bars without loss of grout or protection agent. 

Vent pipes shall be provided in the ducts at intervals not greater than 10 metres along the duct. 

Additional vents with plug valves shall be provided at high and low points in the duct, , change of 

sheath cross-section and at such intermediate positions as may be required by the Engineer for the 

satisfactory grouting/protection of long tendons. The vent pipes shall extend to at least 750 mm 

above the concrete and comply with the requirements for injection pipes. 

Connections to, and joints in sheaths shall be made grout-tight either by special detailing or taping. 

With bonded systems, the length of taping shall not exceed six sheath diameters. Where over 

sleeves are used, equal overlaps shall be provided over each length of sheathing. Joints in adjacent 

sheaths shall be spaced at least 300 mm apart. 

(c) Installation 

The installation of tendons shall not commence until the requirements of Clause 805.06 have been 

complied with. 

The cable, sheath or extractable cores shall be accurately installed to the specified alignment and 

securely held in position both vertically and horizontally at intervals appropriate to its rigidity, such 

that it will not be displaced during concreting either by weight of the concrete or buoyancy. The 

spacers of the cable supports shall furthermore ensure that the tendon can be installed to a smooth 
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alignment without kinks and within the tolerance specified in Clause 810.19. A spacing from 1.0 - 

1.5 metres should generally not be exceeded. 

Extractable cores shall not be coated with release agent unless approved by the Engineer. 

Unless shown otherwise on the Drawings, the alignment of the tendon within a distance of 1.0 m 

from the live anchorage and/or coupler shall be straight. Anchorages shall be set square to the 

tendon axis and firmly secured in position so as not to move during concreting. External anchorages 

shall be seated on a thin mortar bedding to bear evenly on the concrete surface and axially to the 

tendon. 

Unless shown otherwise on the Drawings the minimum concrete cover over the outside surface of 

the sheath of the cable support shall comply with the requirements of Clause 803.07 except that for 

sheaths the cover shall not be less than 50 mm. 

The spacing of cables will depend on the size of the cable and shall be such that the concrete can 

be properly placed and compacted. 

Immediately before concreting, the Contractor shall inspect the sheaths for grout tightness and shall 

seal all damaged and suspect sections. 

External tendons shall be installed to the same standards and accuracy specified herein for internal 

tendons. The tendons shall be temporarily supported at regular intervals along the straight length 

between saddles. The supports shall consist of rigidly constructed frames secured to the concrete 

face. 

(d) Concrete Strength 

Full tensioning of all or part of the tendons shall not commence until the compressive strength tests 

on the concrete of the particular member have attained a compressive strength of 40 MPa or 2.5 

times the maximum compressive stress induced in the concrete by the tendons to be tensioned 

whichever is the greater. 

Where initially, all or part of the tendons are to be partially tensioned, tensioning shall not commence 

before the concrete has attained the compressive strength indicated on the Drawings. 

The compressive strength of the concrete shall be determined from cylinders manufactured and 

tested in accordance with Clause 804.14 and which have been cured under the same conditions as 

the structural member that is to be prestressed. The number of concrete cylinders required for this 

purpose shall be as agreed by the Engineer. 

(e) Tensioning 

Preparation 

Within 2 hours after concrete has been placed, the Contractor shall demonstrate that sheaths are 
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free from obstruction, that extractable cores can be removed and where the design permits, that all 

tendons are free to move in the ducts. Thereafter all water in the ducts shall be expelled with 

compressed air and the cables sealed until tensioning takes place. 

Before tensioning is commenced, side forms and other restraining elements shall be released or 

removed to give the structural member the freedom to deform under the induced force. 

Tensioning sequence 

The sequence of tensioning to be followed shall be as shown on the Drawings and/or drawings 

prepared by the Contractor in terms of Clause 805.06. The Contractor shall allow in his tendered 

rates for all additional costs which he may incur as a result of having to tension fully only part of the 

tendons at any one stage or instant. 

Where partial tensioning of tendons is required the work shall be executed in accordance with the 

details on the drawings or as directed by the Engineer. The Contractor shall allow in his tendered 

rates for all additional costs which he may incur as a result of having to tension partially only part or 

all of the tendons at any one stage or instant. 

Assembly of equipment and safety precautions 

The tensioning and measuring equipment shall be assembled for tensioning in exactly the same 

way as they are combined for calibration. 

The Contractor shall take all necessary safety precautions to prevent accidents due to the 

malfunction or failure of any part of the equipment or material and shall accept full responsibility for 

injury and damage to persons and property resulting therefrom. 

The Contractor shall establish no-go zones with warning signs and substantial barricades in order 

to provide a protective barrier for site personnel, other persons and property and to prevent the entry 

of unauthorised persons into the hazard zone around and behind the jacking equipment. 

Jacking and other site personnel shall not be permitted to stand behind the jack or close to the line 

of the tendons while stressing is in progress. 

During stressing operations, warning signs shall be displayed at both ends of the member being 

tensioned. 

The stressing jack shall be adequately supported and restrained in order to ensure that it cannot 

cause injury to personnel operating the jacking equipment should the jack lose its grip on the tendons 

or should the tendon fail. 

Friction 

The Engineer may require the Contractor to perform friction tests on designated tendons and revise 

the relevant theoretical extensions to compensate for the discrepancy between the values adopted 
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in the design and test results. 

Where applicable, allowance shall be made in the tensioning force to compensate for friction loss in 

the jack and in the anchorage. 

Tensioning 

Tensioning shall be carried out under the supervision of a technician skilled in the use of the 

prestressing system and equipment and the methods of tensioning to be adopted. 

Tensioning shall not commence before the Engineer has been advised of each tensioning operation 

and has given his approval for the work to start. 

The technician and operators shall be supplied with a schedule listing the sequence of tensioning of 

the various tendons and a tensioning record sheet showing the theoretical gauge readings, jacking 

forces, extensions, release and pull-in for each tensioning operation. The record sheet shall 

furthermore provide for the entering of the corresponding information recorded and observations 

made during tensioning. A graph of tensioning force and/or gauge reading versus theoretical 

extensions measured for each load increment shall be plotted on the graph. Copies of the completed 

record sheets and graphs shall be submitted to the Engineer within 24 hours of completion of each 

tensioning operation. 

The Contractor shall note that the extensions shall be regarded as an indirect measurement of the 

tensioning force and shall serve as a control on the tensioning force applied. 

The protruding ends of all bars, wires or strands shall be clearly marked for the accurate 

measurement of extension, release and pull-in. 

Before tensioning is commenced on external tendons a small load shall be applied to each tendon, 

commencing with the uppermost tendon. The force shall be sufficient to take up all slack and prevent 

entanglement of the tendons. 

The jacking force shall be increased to approximately 5 - 10% of the final jacking force to take up 

the tendon slack and to determine the zero position for the extension measurements and to check 

the gripping devices and the position and alignment of the jacks. Thereafter the load shall be 

increased gradually to the full specified tensioning force while intermediate gauge readings and 

extensions are recorded at regular intervals. 

The final stage of tensioning shall be deemed to have been satisfactorily accomplished when all the 

following requirements have been satisfied. 

 The tendons have been tensioned to the required force 

 The measured extension on individual tendons is within + 6% of the theoretical extensions 
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 The average variation between the measured and theoretical extensions of all the tendons 

in a structural member is less than + 3% 

 The release and/or pull-in is within + 2 mm of the theoretical values. 

When the above conditions are not met individually and collectively, the Contractor shall immediately 

advise the Engineer and obtain a ruling as to the procedure to be followed. 

In the event of the tendon friction being too high, the Contractor may, subject to the approval of the 

Engineer, inject an approved lubricant into the sheath after first detensioning the tendon. The cost 

of the remedial and corrective measures and of the release and retensioning of tendons, which have 

been occasioned by failure of the operations to meet the above requirements, shall be for the 

Contractor’s account. After the tensioning has been accepted by the Engineer, the Contractor may 

cut off the tendons behind the anchorage as described in Clause 805.9(b). 

(f) Permanent Protection and Bonding of Tendons 

General 

Prior to any grouting of the permanent works full scale grouting trials will be performed by the 

Contractor and witnessed by the Engineer. After tensioning all tendons shall receive permanent 

protection against mechanical damage and corrosion. 

Internal tendons shall be protected and bonded to the structural member by cement grout or, when 

permitted by the Engineer, by sand cement grout. Where bond is not important, protection may be 

rendered by the use of bitumen, petroleum based compounds, epoxy resins, plastics and similar 

products, all complying with the requirements of Clause 805.2(h) and subject to the approval of the 

Engineer. The minimum compressive strength of test cubes made, cured and tested in accordance 

with AS 1478.2 shall be 32 MPa at 28 days.  At least one pair of cubes shall be taken from each 

5 cubic metres or part thereof of grout. 

Tendons located outside the structural sections (i.e. external tendons) shall be encased with a dense 

concrete, dense mortar or material sufficiently stable and hard, all subject to the approval of the 

Engineer. The encasement shall be of the thickness shown on the Drawings. Where bonding of the 

tendon to the structural concrete is required, this shall be achieved by reinforcement of the concrete 

encasement to the structure as detailed on the Drawings. 

Protection and bonding of the tendons shall be effected within 7 days after final tensioning of the 

tendon(s), or as specified on the Drawings, but shall not take placed without prior approval of the 

Engineer. 

After the permanent protection or bonding has been completed the anchorages shall be encased in 

concrete or grout or shall be completely coated with a corrosion resistant material. The protection 

rendered shall in every case prevent the ingress of water or aggressive agents. 

 Page  656  of  708 



Fiji Roads Authority 

 

638  

Preparation of Ducts 

Before permanent protection and/or bonding of tendons is effected the following precautions shall 

be covered: 

 The cables shall be checked for blockages by means of water injection or compressed air. 

 Unlined ducts that are to be filled with grout shall be flushed with water to wet the concrete. 

 Temporary protection or lubricants which are incompatible with the permanent protection or 

 bonding, shall be removed by flushing with water or an inert solution or by any suitable 

 method approved by the Engineer. 

 On completion of the above, the excess fluid shall be expelled from the ducts by means of 

 compressed air, or be displaced by the protection agent or grout, as relevant. 

Any blockages, leakages or factors that may in any way affect the permanent protection or bonding, 

shall immediately by reported to the Engineer. 

Mixing 

Protection Agents: The mixing of protection agents shall be strictly in accordance with the 

manufacturer’s instructions. 

Grout: The aggregate, if used, and the cement shall be measured by mass and the water by mass  

or volume. 

The water/cement ratio by mass shall be as low as possible within the range of 0.36 to 0.45, 

consistent with the fluidity requirements of Clause 805.2(g). 

When an admixture is used it shall be dissolved in a part of the mixing water before it is added to 

the grout. 

Mixing shall commence by adding two thirds of the cement to the main part of the mixing water, then 

adding the pre-dissolved admixture if used, and finally the remainder of the cement. Mixing shall 

continue for not longer than 4 minutes and thereafter the grout shall be continually agitated at low 

speed throughout the injection operation. 

When an aggregate is used in the grout mix, the word “cement” in the preceding paragraph shall be 

replaced by the term “cement/aggregate component”. 

Injection 

The injection of the permanent protection agents or grout shall not commence before the Engineer 

has given his permission for the work to start. Before injection commences all air shall be expelled 

from the injection equipment and hoses and all connections checked for air tightness. 

Injection shall take placed from the anchorage or coupler whichever is situated at the lower end of 
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the cable. 

Protection agents 

The injection of protection agents shall be strictly in accordance with the instructions, and with the 

equipment specified by the manufacturer. 

Grout 

Immediately after mixing and during injection the fluidity of the grout shall be tested at regular 

intervals in accordance with Clause 805.2(g). Injection shall be continuous, without interruption at a 

rate of 6-12 m per minute. As soon as grout with the original consistency flows from the intermediate 

vent pipes they shall be successively closed. Injection shall continue until the grout flowing from the 

vent at the free end is of the same consistency as that of the injected grout. At this stage the vent 

shall be closed and the final pressure or a pressure of 5 bars, whichever is the greater, maintained 

on the grout column for 5 minutes before the valve at the injection end is closed. 

All vents shall be kept closed and supported vertically until final setting of the grout has taken place. 

On vertical cables, a riser pipe with funnel shall be fitted to the top anchor to ensure that the 

separated (bleed) water migrates upwards without extending into the cable. If an expanding agent 

is used in the grout mix, the air vent shall be re-opened after grouting to release any separated water 

and subsequently be closed again. 

Unless a retarder is used in the grout mix, the grout not used within 30 minutes of mixing shall 

discarded. During the course of grouting 150 mm cylinders shall be made for testing in accordance 

with Clause 805.2(g). Whilst pouring the grout into the cylinder mould the sides thereof shall be 

slightly tapped to permit the entrapped air to escape. Precautions shall be taken not to discharge 

escaping grout onto railway lines, public roads or private property. 

If a blockage occurs during the course of grouting, grouting shall be stopped before the maximum 

grouting pressure is reached, the duct flushed out immediately and the blockage cleared. 

The grout shall be sampled and tested for compressive strength with 75 mm cubes to demonstrate 

compliance with the minimum specified strength. 

 

805.10 LOSS OF PRESTRESS 

Any structural member which has lost all or part of its prestress through failure or malfunction of any 

part of the prestressing component may be rejected by the Engineer and shall be removed from the 

Work unless remedial measures, approved by the Engineer, are successfully carried out on the 

member. No payment shall be made in respect of such remedial work or loss suffered by the 

Contractor in this regard. 

 

 Page  658  of  708 



Fiji Roads Authority 

 

640  

SECTION 806 

 

Intentionally left blank 
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SECTION 807 – JOINTS IN STRUCTURES 

 

807.01 SCOPE 

This section covers the supply and installation of all permanent joints that will permit relative 

movement between continuous structural members. Expansion joints are designed and 

dimensioned for installation at a mean temperature of 25C to 35C. Joint gaps shall be constructed 

as shown on the Drawings to a cross-sectional tolerance of3mm. 

 

807.02 MATERIALS 

(a) General 

All materials used in the forming, construction and sealing of permanent joints as well as 

all proprietary or custom-built expansion joint assemblies shall be subject to the approval 

of the Fiji Roads Authority. 

The Contractor shall submit test certificates from an approved independent testing 

authority to show that the respective materials conform with the specified requirements, 

or a certificate from the patent holder or designer certifying that the manufactured item 

complies in all respects with relevant product specifications. 

(b) Joint Filler 

Joint filler shall be performed, compressible cellular, and resilient and shall not become 

brittle in cold weather. Joint filler shall consist of sheets or strips of the following materials 

and be shown on the Drawings 

 Bitumen impregnated fibreboard and bitumen impregnated corkboard -  

 Resin impregnated corkboard -. 

 Flexible foams of expanded polythene, polyrethane or polystyrene. 

 Rigid foams of expanded polythylene, polyrethane or polystyrene -  

 Other joint filler materials may be used if approved by the Fiji Roads Authority 

after submission of full specifications and information by the Contractor. 

(c) Sealants 

 Joint sealants shall be non-degradable for its particular application. It shall be 

elastoplastic and shall possess a movement accommodation factor of at least 

25 per cent.  

 For horizontal joints in structures or pavements unless otherwise shown on the 
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Drawings, the sealants shall be a type A1 rubberised bituminous compound to 

BS 2499 and shall have a minimum life expectancy of 10 years. 

 In other situations, the sealants shall be synthetic rubber based on polysulphide 

to BS 4254 or BS 5215 or based on polyurethane or silicone to the approval of 

the Engineer and shall have a minimum life expectancy of 15 years.  

 Where the joint sealant is to be in contact with a protective coating as shown on 

the Drawings the Contractor shall satisfy the Engineer that the sealant and the 

protective coating are compatible.  

 All sealant shall be stored in accordance with the manufacturer’s instructions 

and no sealant shall be used after its shelf life has elapsed. 

 To ensure non-adhesion to the back of the joint cavity a bond breaker tape is to 

be fixed where this is specified by the manufacturer of the sealant. Primer shall 

be obtained from the same manufacturer as the sealant.  

 Thermoplastic hot-poured sealants shall comply with the requirements of US 

Federal Specification SS-S-1401B, BS 2499 or AASHTO specification M173. 

The sealants shall be of the rubberised bituminous type containing a minimum 

of 20% natural or synthetic rubber. 

 Thermoplastic cold-applied sealants shall comply with the requirements of US 

Federal Specification SS-S-156. The sealant shall be of rubberised bituminous 

type containing a minimum of 20% natural or synthetic rubber. 

 Thermosetting chemically curing sealant shall comply with the requirements of 

US Federal Specification SS-S-195B, American National Standards Institute 

Specification ANSI A 116.1 (formerly ASA A 116.1 and USASI A 116.10 or BS 

4254). 

 The final IRHD hardness of the sealant shall 20 + 5. 

 Other sealants may be used if approved by the Fiji Roads Authority after 

submission of full specifications and information by the Contractor. 

(d) Preformed elastomeric compression seals 

Preformed elastomeric compression seals shown on the Drawings. 

(e) Waterstops 

Waterstops shall be of natural rubber, or flexible PVC, and of the type specified or shown 

on the Drawings. 
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(f) Accessory Materials 

 Primers 

When a primer is to be used in conjunction with the sealant it shall be of the 

prescribed proprietary material. 

 Adhesives 

Adhesives used in conjunction with preformed seals shall be of a proved and 

approved type compatible with the material of the seal. 

 Bond Breakers 

Polyethylene tape, coated papers, metal foils or similar material may be used 

where bond breakers are required. 

 Backup Material 

Backup material shall consist of a compressible material of correct width and 

shape, to ensure that after installation it is in approximately 50% compressed 

and the sealant can be formed to the specified depth. 

Backup materials shall be compatible with the sealant used. Material containing 

bitumen or volatiles shall not be used with thermosetting chemically curing 

sealants. 

(g) Steel Protection Angles 

Steel used for the fabrication of the expansion joint protection angles shall conform to the 

standards specified on the drawings. Steel protection angles shall be fabricated and 

coated in accordance with the requirements of Section 810. 

 

807.03 FILLED JOINTS 

Filled joints shall be accurately formed to the dimensions shown on the drawings with the filler 

material specified. The filler shall be secured in position not to displace during concreting, or 

thereafter if the filler is to remain permanently in the joint. 

Where polystyrene or similar material susceptible to damage is used to form joints, it shall be lined 

with a hard surface on the side to be concreted. The hard surface shall be sufficiently resilient to 

ensure that the joint and surfaces can be formed free from defects. 

 

807.04 CONCRETE NOSINGS 

Concrete nosings forming the edges of expansion joints shall be constructed as follows: 
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 After the construction in the structural member has hardened sufficiently, the protruding 

ends of the reinforcing steel shall be bent flat onto the concrete surface of the formed 

recess. 

 Before the asphalt surfacing is laid, the recess shall be filled with well compacted crusher 

run, sand or weak mortar. Care shall be exercised to ensure that the concrete surfaces 

and reinforcing steel are not contaminated with bituminous agents. Thereafter, the 

asphalt surfacing shall be laid continuously over the joint. 

 The asphalt surfacing corresponding to the width of the nosing shall be cut with a 

diamond saw blade and all material removed from the nosing recess. The concrete 

surfaces of the recess shall then be roughened to expose the aggregate and leave a 

sound, irregular surface. The reinforcing steel shall thereafter be bent, fixed and placed 

as detailed on the Drawings. 

 The prepared concrete surfaces shall, immediately before the concrete nosings are cast, 

be treated with an approved epoxy resin adhesive. Opposite concrete nosings, 

separated by a 10 mm thick joint filler strip, shall be cast simultaneously in accordance 

with Clause 804.08(c), and compacted by surface vibrator. The nosing shall be screeded 

flush with the premix surfacing and give a Class U2 surface finish. 

 Curing shall be in accordance with Clause 804.09 except that the curing period shall be 

10 days. 

 After the concrete in the nosing has been cured for at least 3 days, the gap between the 

nosings shall be enlarged to the requisite dimensions by cutting both sides with parallel 

diamond saw blades. The depth of the saw cut shall be such that a ledge is formed along 

the lower edge of the cut on which the sealer unit can be supported. 

 The exposed corners of the nosings shall be ground to have a 10 mm chamfer. 

 After the joint has been sealed, the wearing surface of the nosings shall be treated with 

a bituminous primer to the satisfaction of the Engineer. 

 The traffic shall not be permitted to pass over the joint before the concrete in the nosing 

has aged for at least 10 days. 

 The concrete used in the construction of the nosings shall be Grade 40/20 and shall have 

a slump of not less than 50 mm and not exceeding 75 mm. 

 

807.05 EPOXY MORTAR NOSINGS 

Epoxy mortar nosings shall not be used unless detailed on the Drawings and specified in the Special 
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Provisions. Where epoxy mortar nosings are permitted, they shall be constructed in accordance with 

the requirements specified in the Special Provisions and to the manufacturers specification. 

 

807.06 SEALING OF JOINTS 

Sealed joints shall be made watertight over the full length of the joints unless permitted otherwise 

by the Engineer. Unless a waterstop is equipped with an effective watertight interlocking system for 

the joining of sections, all joints in waterstops shall be bonded or fused to have a tensile strength of 

at least 50% of that of the unjointed material.  

At intersections and abrupt changes of direction, waterstops shall be jointed with prefabricated 

junction pieces. Restrictions on joint width and temperature at the time of installation of the sealant 

or seal will be shown on the Drawings. In the absence of these and unless specified otherwise, 

installation shall only be carried out within the temperature range of 5C to 30C. 

(a) Preparation of Joints 

Sawing of joints shall be undertaken at such time as to avoid edge spalling or ravelling. 

After the removal of the temporary filer material or breaking out of the excess concrete, 

the inside faces of the joint shall be wire brushed or grit blasted to remove all laitance and 

contaminants; the joint shall thereafter be cleaned out and blown out with compressed air 

to remove all traces of dust. Solvents shall not be used to remove contaminants from 

concrete and porous surfaces. 

Care shall be exercised to ensure that primers or adhesives are applied only to surfaces 

that are absolutely dry. The primer or adhesive shall be applied strictly in accordance with 

the manufacturer’s instructions. Unless specified otherwise the primer shall be applied 

within the temperature range of 10C to 40C and the sealant shall be applied after the 

curing period of the primer and within the period that the primer remains active. 

(b) Sealants 

Sealants shall be applied strictly in accordance with the manufacturer’s instructions by a 

person skilled in the use of the particular type of sealant. Trapping of air and formation of 

voids in the sealants shall be avoided. The sealant shall be finished to a neat appearance 

flush with the edges of the concrete or to the specified depth. 

Thermoplastic hot-poured sealants shall not be poured into the joints when the 

temperature of the joint is below 10C. The safe heating temperature shall not exceed the 

specified pouring temperature by more than 10C. Two-part thermosetting chemically 

curing sealants shall not be applied after expiry of the specified pot-life period which 

commences once the base and activator of the sealant have been combined. 
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(c) Preformed Compression Seals 

The seal shall be inserted and secured with a lubricated adhesive covering both sides of 

the seal over the full area in contact with the inside faces of the joint. The lubricant 

adhesive shall be applied immediately ahead of inserting the seal. 

The seal shall be installed with the appropriate equipment in a compressed state such 

that under the most adverse condition the seal will remain in compression. The seal shall 

at all times be between 5 and 10 mm below the level of the pavement. The seal shall not 

be stretched during installation; however, any unintentional stretching which may occur 

shall not exceed 5%. 

Joints in the seals shall be bonded or fused and shall be only at positions agreed by the 

Engineer. 

(d) Waterstops 

Waterstops shall be securely and accurately located in position not to displace or deform 

during construction. 

 

807.07 PROPRIETARY EXPANSION JOINTS 

(a) General 

The use of any type of expansion joint shall be subject to approval by the Engineer. 

(b) Dimensions 

Attention is drawn to the overall dimensions of the expansion joints and to the limiting 

concrete dimensions of that portion of the structure that is to accommodate the joints. No 

alterations to the concrete that will be visible in the final structure or major re-arrangement 

of the prestressing anchorages, shall be permitted in order to accommodate joints of 

excessive size. 

All joints to be installed along a skew shall be accurately dimensioned to ensure 

compliance with Clause 807.08. 

Unless specified otherwise, proprietary expansion joints shall include the complete 

expansion joint assembly, traversing the roadway, kerbs, footpaths and median and shall 

include the coping and parapet cover plates as well as the drainage system to drain the 

expansion joint. 

(c) Design and Manufacture 

The expansion joint shall be designed to withstand the movements, displacements and 

rotations specified on the Drawings in conjunction with the loads prescribed in the code 
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of practice adopted for the design of the structure without overstressing any part in terms 

of “Working Load” requirements or exceeding the requirement for Serviceability Limit 

State. Any strengthening required of the supporting member to resist forces imparted by 

the joint to the structure, shall be for the Contractor’s account. 

The specified movements, displacements and rotations shall be accepted without 

impairment of efficiency or riding quality of the joint. The joint shall be vibration free, 

resistant to mechanical wear and other forms of abrasion, and resist corrosion, have good 

riding characteristics, be skid resistant and silent; be of watertight construction or have 

provision for the disposal of water, debris or grit collecting in the joint; and be of 

construction to facilitate easy inspection, maintenance and repair. 

Prior to manufacture of the joints, the Contractor shall submit to the Engineer for his 

acceptance detail drawings, in accordance with the requirements of Section 101, of each 

expansion joint and shall provide information on his intended method of installation. 

The expansion joints delivered on the site shall be suitably marked to show clearly the 

sequence and position of installation. 

 

807.08 INSTALLATION OF EXPANSION JOINTS 

No expansion joint or part thereof shall be installed prior to the establishment of final surfacing levels 

based on a complete level survey of the bridge deck(s). The survey shall be carried out before the 

construction of kerbs, channels or bituminous surfacing. The expansion joint shall form an even 

surface with the road surface on either side and shall be installed to the manufacturers specification 

and in the presence of and to the satisfaction of the Engineer. 

The steel protection angles shall be held firmly in place during concreting by methods  approved 

by the Engineer. Butted joints in plates shall be sealed to prevent leakages of mortar during 

concreting. Care shall be taken to ensure the concrete is thoroughly compacted around anchor bars, 

under flanges of angles and other areas where concrete placement is difficult. 

  

 Page  666  of  708 



Fiji Roads Authority 

 

648  

SECTION 808 – BEARINGS FOR STRUCTURES 

808.01 SCOPE 

This section covers the requirements for the manufacture, testing, supply and installation of bearings 

for structures. Bearings shall be designed to support the loads and to accommodate the movements 

and rotations shown on the Drawings. All the relevant standards are listed in AS 5100.4 Clause 2.0 

 

808.02 MATERIALS 

Materials and components for use in bearings shall comply with AS 5100.4. The completed bearings 

shall satisfy the structural performance and dimensional requirements of the design. 

When requested by the Engineer, the Contractor shall submit test certificates from an approved, 

independent testing authority to show that the respective materials conform with the specified 

requirements, or design certifying that the manufactured item complies in all respects with relevant 

product specifications. 

 

808.03 ELASTOMERIC BEARINGS 

Bearing shall comply with the testing requirements of AS 5100.4 and shall be tested in accordance 

with AS 5100.4 Appendix D 

Alternative bearings 

Where alternative bearings are offered by the Contractor, they shall be designed in accordance with 

the requirements of AS 5100.4 for the loadings and deformations shown on the Drawings. 

Inspection and Testing 

On completion of manufacture of the bearings, the Contractor shall submit, if so directed by the 

Engineer, bearing pads selected by the Engineer, or specially manufactured simple pads authorised 

by the Engineer, to an independent testing authority for testing. The tests to be undertaken shall be 

as directed by the Engineer and in accordance with these specifications. 

A variation of + 20% shall be permitted between the actual and theoretical stiffness for compression 

and shear of the elastomer. Where this variation is exceeded, acceptance of the pads shall be at 

the sole discretion of the Engineer. 

Copies of test results and certificates for the above mentioned testing shall be submitted by the 

Contractor to the Engineer timeously to enable the Engineer to assess the information before the 

bearings are installed. 

 

808.04 PROPRIETARY BEARINGS 
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(a) General 

This clause covers custom built bearings, bearings manufactured under licence except 

elastomeric bearings. Combined bearings, consisting of an assembly of an elastomeric 

bearing in conjunction with a low friction sliding or mechanical component shall fall under 

this clause. The tenderer may base his tender on any bearing that complies with the 

specified requirements, provided that the efficiency of the bearings has been verified by 

tests and successful previous use. Evidence of these as well as information on the 

bearing’s durability and suitability for the specified use shall be submitted to the Engineer 

for his consideration. Details of the product guarantee shall be submitted to the Engineer 

for consideration. 

(b) Drawings and Approval 

Typical detail drawings shall be shown clearly the construction of the bearings and 

information on the friction characteristics based on actual tests performed on the relevant 

materials shall be submitted to the Engineer. Prior to manufacture, the Contractor shall 

submit the following information to the Engineer for  consideration. 

Manufacturer’s Specification containing detailed information on the design standards, 

materials, manufacture processes and standards and technical data. Drawings complying 

with the provision of Clause 101 showing the bearing construction and installation details. 

All bearings used in the permanent works shall be subject to the approval of the Engineer. 

(c) Technical Data 

Technical data for the proprietary bearings required in the Contract will be supplied on the 

Drawings, and shall also be supplied on the drawings prepared by the Contractor for 

submission to the Engineer. 

Design Loads and Movements - The maximum and minimum vertical loads and co-

existing horizontal loads as well as the maximum horizontal load and co-existing vertical 

load. 

Mechanical Fit - Mechanical fit on unidirectional and fixed bearings expressed as the 

maximum permissible slack (play) between the shear transfer members of the bearings 

that are required to resist the applied horizontal loads. 

 Identification -  

Identification of each bearing by a number, the degree of freedom of movement (fixed, 

multidirectional or unidirectional) and the type of bearing (spherical, elastomer-pot, etc.). 

(d) Design 
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The bearings shall be designed to accept the specified load combinations in conjunction 

with the maximum eccentricity and rotation without overstressing any part in terms of 

“Ultimate Load” requirements or exceeding the requirements for Serviceability Limit State. 

Unless specified otherwise in the Special Provisions or on the Drawings the following shall 

be complied with: 

 The maximum average contact stress and maximum edge stress on the 

concrete or mortar bedding shall not exceed 20 MPa and 25 MPa respectively. 

 The initial peak static coefficient of friction shall not exceed 0.06 and the final 

static coefficient of friction shall not exceed 0.04. 

 The bearing shall be of overall dimension such that it will fit into the space 

allowed for the installation thereof. Major alterations to the contiguous member 

will not be considered. 

(e) Manufacture 

i. The bearings specified on the drawings shall be manufactured in accordance 

with the requirements of AS 5100.4. 

The bearing material components shall be tested to ensure compliance with the 

design and appropriate codes and standards and the following documentation 

shall be made available to the Engineer: 

 Material test results (mechanical and chemical) dry film thickness and of 

colour dissimilar to that of the final coat of paint. 

ii. Application of a final coat of high build chlorinated rubber paint a minimum 75 

micron dry film thickness and of dark grey colour. 

(f) Inspection and Testing 

The Engineer may require tests to be carried out to verify compliance of the bearing with 

the Specification and/or its performance under the design loads. Test certificates of all 

tests carried out shall be made available to the Engineer. 

The bearings shall come factory assembled and under no circumstances shall they be taken apart 

and re-assembled on the site except when it is an unavoidable feature of the installation procedure, 

in which case the dismantling, installation and re-assembly shall be under the Engineer of qualified 

personnel. Rehabilitation, modification and repair work to bearings shall be carried out only in the 

factory or in an approved engineering works. 

 

808.05 DOWELS AND GUIDES 
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Dowels and guides shall be of such material, design and construction as is detailed on the Drawings. 

Where dowels and guides are used in conjunction with bearings they shall not complicate or prevent 

the removal of bearings. 

 

808.06 STORAGE AND HANDLING 

The bearings shall at all times be stored under cover and clear of the ground, away from sunlight, 

heat, oils and chemicals deleterious to the bearings. The bearings shall not be stacked in a manner 

or on a surface that will cause distortion of the bearing. 

The bearing shall be handled with care to ensure that they are not subjected to impact loads or any 

other condition that may be harmful. 

If the bearings are contaminated or damaged in any way, they shall be cleaned of all contaminants 

and offered to the Engineer for inspection. Bearings that are damaged by contamination, inadequate 

storage or handling shall be replaced at the Contractor’s expense 

 

808.07 INSTALLATION 

The concrete surface on elements required to receive bearings shall comply with the requirements 

of Clause 808.04(c). Plastering of the surface will under no circumstances be permitted. Before the 

mortar bedding is constructed the concrete surface shall be chipped back to expose the aggregate 

and leave a sound irregular surface. Bonding of the mortar bedding to the concrete surface shall be 

in accordance with the manufacturer’s recommendations and the Engineer’s instructions. The 

bedding shall be of dimensions to permit the spreading of load at an angle of 45 through the 

bedding. However, the thickness of the bedding shall not be less than 15 mm and 25 mm for 

proprietary and elastomeric bearings respectively, nor shall the maximum thickness exceed 50 mm. 

Unless shown otherwise on the Drawings, the bearings shall be installed on a horizontal plane and 

shall be in full contact with the concrete and bedding surfaces. To accommodate soffit irregularities 

and camber in the case of precast members, the member shall be lowered onto a mortar skim on 

top of the bearing. The member shall thereafter be propped until the mortar skim has hardened into 

a wedge. 

The bearings shall be accurately installed to the specified level, alignment and orientation all within 

the construction tolerance in accordance with Section 806 and the details shown on the Drawings. 

Where the bearing has long sliding plates, these shall be rigidly supported to prevent distortion under 

the weight of the wet concrete and construction loads. 

Before the bearing is incorporated into the structure it shall be cleaned to remove all deleterious 

substances and adhering matter, and thereafter wrapped in polyethylene sheeting and adequately 

sealed to prevent the ingress of mortar and slush onto the bearing during the course of construction. 
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After installation, the polyethylene wrapping shall be  removed, the bearing thoroughly 

cleaned and lugs removed as directed by the Engineer. 

On completion of installation of bearings the Contractor shall obtain the Engineer’s approval before 

proceeding with the next stage of the work. 
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SECTION 809 – BRIDGE PARAPETS, HANDRAILINGS AND FOOTPATHS 

 
809.01 SCOPE 

The section covers the construction of bridge parapets, handrailings and footpaths on bridge decks 

and abutments including end name posts, copings, kerbing and other items which form part of the 

bridge parapets, handrailings or footpaths. 

 

809.02 MATERIALS 

(a) Concrete 

All concrete work shall be carried out in accordance with the requirements of Sections 

802, 803, 804 and 807 of this Specification. 

(b) Structural Steel 

Structural steel work shall be supplied and fabricated in accordance with the provision of 

Section 810 of these Specifications and to the details shown on the drawings. 

(c) Structural Aluminium 

Aluminium castings shall be manufactured to AS 1874. Hollow aluminium sections shall 

be manufactured to AS 1866. 

 

809.03 CONCRETE PARAPETS 

Concrete parapets shall be either solid concrete parapets. Where possible precast elements shall 

be placed with the unformed surface downwards or outwards. 

 

809.04 METAL HANDRAILINGS 

Metal bridge handrailings shall be of steel or aluminium as shown on the Drawings. 

Unless otherwise indicated, all joints in fabricated metalwork shall be welded using appropriate 

techniques to develop the full strength of the component parts. All fabricated metalwork shall be 

neatly finished off without sharp edges and with sharp corners rounded off. Metalwork shall be 

completed with all necessary connections, fastenings and anchor bolts. 

Steelwork which is to be cast or grouted into concrete shall be unpainted and shall be cleaned of 

loose rust, scale, oil or other material which may impair the bond between concrete and steel. All 

steelwork shall comply in accordance with the requirements of AS 5100.4. Where the coating is 

damaged by site welding during erection it shall be made good using a repair stick. After thorough 

wire brushing the area to be made good is to be heated with an oxyacetylene torch and the stick 

rubbed over the area. 
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Surfaces which will be inaccessible after erection shall be painted before erection commences. 

Aluminium work which is to be cast or grouted into or be in contact with concrete shall be painted 

with two coats of approved bituminous aluminium paint or thorough coated with aluminium 

impregnated compound on the contact surfaces before installation. Where aluminium work is to be 

fixed to steelwork, the aluminium and steel shall be completely isolated from one another with plastic 

or other approved washers, gaskets and sleeves. Exposed aluminium work shall be left unpainted. 

 

809.05 BRIDGE NUMBER PLATES 

Bridge number plates shall be fixed in the positions and according to the method of fixingshown on 

the Drawings. The concrete surface on which the plate is to be fixed shall be suitably prepared prior 

to the application of any adhesive by roughening and removing all surfaces laitance. 

 

809.06 CONCRETE FOOTPATHS 

Prior to construction of footpaths, including kerbs and copings the bridge deck shall be accurately 

surveyed to establish final lines and levels. The previously cast bridge deck area  shall be prepared 

as specified in Clause 804.8 to receive footpath concrete. 

Forms shall be accurately set to final lines and levels and shall be firmly held in position during the 

placing of the concrete. Stops at the ends of sections shall be accurately placed to ensure that joints 

between adjacent sections are truly perpendicular to the surface of the concrete and at right angles 

to the edge of the road or to the skew angle of the deck at the expansion joint. 

After removal of the forms the exposed surfaces of the kerbs and copings shall be rubbed in 

accordance with the requirements of Clause 802.08. All edges shall be rounded to a radius of 20 

mm unless otherwise shown on the Drawings. 

 

809.07 CONCRETE SURFACE FINISH REQUIREMENTS 

All formed concrete surfaces shall have a Class F3 surface finish as specified in Clause  802.06 

and all unformed concrete surfaces shall have a Class U3 surface finish in  accordance with 

Clause 802.08. 

 

809.08 CONSTRUCTION TOLERANCES 

The alignment levels and dimensions of the various items described in this section shall  conform 

to the requirements given in Section 810. 
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SECTION 810 – STRUCTURAL STEELWORK 

 

810.01 SCOPE 

This section covers the use of structural steelwork in the Works. 

 

810.02 FABRICATION OF STEELWORK – GENERAL 

The fabrication of steel structures or steel members from structural steel plates, sections and hollow 

sections shall be carried out in compliance with Clauses 810.05 to 810.20 as appropriate to the 

design. This Section is limited to the use of steel parent material with a specified minimum yield 

strength not exceeding 500 MPa, and applies to all work on the steel after manufacture to final size 

at the originating steel mill.  

 

810.03 MATERIAL AND WELDING STANDARDS 

Structural steel and welding shall comply with the requirements of the following standards and 

referenced documents except if specified elsewhere in the documents; 

 AS 3678 Hot Rolled Structural Steel Plates, Floorplates and Slabs 

 AS 3679 Hot Rolled Structural Steel Bars and Sections 

 AS 1163 Structural Steel Hollow Sections 

 AS 1554 Structural Steel Welding Code 

 Part 1 - Welding of Steel Structures 

 Part 2 - Arc Stud Welding 

 Part 5 - Welding of Steel Structures Subject to High Levels of Fatigue Loading. 

 

810.04 SHOP DRAWINGS 

The Contractor shall submit two copies of the shop drawings to the Engineer before fabrication 

commences. 

Joints or groups of joints in which it is especially important that the welding sequence and technique 

of welding be carefully controlled to minimise shrinkage stresses and distortion shall be noted on 

the drawings. Joints where no welding is permitted shall also be clearly indicated. Weld lengths 

specified on the drawings shall be the required effective lengths. 

 

810.05 MATERIAL COMPLIANCE 
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All materials shall comply with the standards and specifications shown on the drawings. All structural 

steel, associated components and welding consumables shall be manufactured by companies that 

hold quality systems certification to AS/NZS ISO 9001. 

The Contractor shall submit to the Engineer a Certificate of Compliance and related test certificates. 

The test certificates shall be certified by a testing authority whose qualifications and registration are 

acceptable to the Engineer and shall be related to the steel by trademarks and heat number which 

shall be legibly marked on each piece. 

Steelworks shall be deemed to be non-conforming where defects or imperfections due to the 

manufacture of the steel become evident at any stage of fabrication. Any defects or imperfections in 

the steel shall be assessed against the Freedom from Defects clause in AS 1163, AS/NZS 1594, 

AS/NZS 3678 or AS/NZS 3679. 

The Contractor shall submit details of any proposal to use weld repaired steel, including the 

proposed location in the structure and post-weld inspection requirements. Weld repaired steel shall 

include lengths of plates or sections containing welds to make up member lengths with welds not 

otherwise shown on the drawings. All grinding of surface imperfections and weld repairs shall 

produce a surface roughness similar to and blend in with the surface finish of surrounding areas.  

Grinding marks shall be parallel to the direction of Employer stress and shall be produced using a 

grinding disc of grain size number 40 or finer. 

 

810.06 HANDLING AND STORAGE OF MATERIALS 

All steel whether fabricated or not, shall be stored above the ground and adequately protected 

against corrosion. Excessively rusted, bent or damaged steel shall be rejected. 

Girders and beams shall be placed upright and stored. Long members shall be adequately 

supported at points sufficiently close together to prevent damage from deflection.  

The method of handling, transporting and erection of the steelwork shall be such that the members 

are not stressed or deformed beyond the design limit and that there is no damage to the protective 

coating during these operations. 

Steelwork shall not be loaded for transport until the paint system is sufficiently hard for handling. 

Suitable packings shall be placed between layers of stacked steelwork. When cover is provided it 

shall be ventilated sufficiently to keep condensation to a minimum. 

Components weighing less than one tonne shall be kept in a storage area away from their erection 

point in order to minimise damage to protective coatings. If in the opinion of the Engineer, damage 

to coatings is excessive, or may be difficult to deal with satisfactorily after erection, the Contractor 

shall restore the coatings before erection.  
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Any damage to steelwork or protective coating shall be repaired to the Supervisor’s satisfaction or 

the member replaced. All costs of this work shall be borne by the Contractor. 

When requested by the Supervisor the Contractor shall submit for review detailed drawings and 

structural computations certified by an engineer experienced in structural design, not less than 14 

days prior to handling, transporting or fabrication of steelwork. 

 

810.07 STRAIGHTENING MATERIAL AND COMPONENTS 

The Contractor shall submit details of his proposed method of straightening materials and not 

conforming with the material and fabrication tolerances for review by the Engineer. 

The methods used to straighten materials shall not reduce the properties of those materials below 

the minimum property values as specified in the relevant Australian Standards.  

Sharp kinks and bends shall be cause for rejection. 

Where hot bedding is permitted or directed by the Engineer the material shall be bent by approved 

methods. The temperature of the steel shall not exceed 600C and, after bending, allowed to cool 

by water or other fluids shall not be used until the temperature of the steel is below 200C.  

Steelwork which is bent subsequent to delivery shall be repaired or replaced, as directed by the 

Engineer, at the Contractor’s expense. 

 

810.08 CUTTING 

Cutting of steel shall be carried out by methods that will not be detrimental to the finished product.  

Cutting shall be by sawing, shearing, plasma cutting, or flame cutting using machines which are 

mechanically guided and move at uniform speed, unless otherwise specified below.  The Contractor 

shall perform cutting of members in accordance with work instructions for cutting.  Hand-held or 

hand-guided cutting shall not be permitted. 

Shearing or cropping shall not be used for main plates, reinforcing plates, main gussets, splice 

plates, rolled sections and shapes or any steel thicker than 16 mm.  Distortions caused by shearing 

shall be removed. 

Plasma or flame cutting procedures for tension members shall not produce heat affected zone 

hardness exceeding 350 HV (Vickers Hardness Number) along the cut edges, as evidenced by the 

Vickers hardness testing of a cutting procedure test specimen. 

Unless otherwise shown on the drawings, all plates shall be finished square, straight and in plane 

without burrs or imperfections. 

Any cut surface not incorporated in a weld shall have a surface roughness not greater than the 
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appropriate value given in Table 810.081.  A cut surface to be incorporated in a weld shall comply 

with AS/NZS 1554 Part 1. 

Table810.081   Maximum Cut Surface Roughness 

Application Maximum Roughness, CLA (μm) 

Normal applications, i.e. where the face 

and edges remain as-cut or with minor 

dressing 

25 

(Roughness Class 3 specified in WTIA Technical 

Note 5) 

Fatigue application  (detail categories as specified in AS 5100.6) 

AS 5100.6 Detail Category ≥ 80 MPa 12 

(Roughness Class 2 specified in WTIA Technical 

Note 5) 

AS 5100.6 Detail Category < 80 MPa 25 

(Roughness Class 3 specified in WTIA Technical 

Note 5) 

Notes: 1 Guidance on flame cutting of steels can be obtained in WTIA Technical Note 5. 

 2 Roughness values may be estimated by comparison with surface replicas, such as 

the WTIA Flame Cut Surface Replicas. 

 3 CLA = Centre Line Average Method 

 4 Flame cut surfaces may require some surface grinding to make the surfaces suitable 

for the application of protective coating treatments. 

 

Cut surfaces with roughness exceeding the values in Table 801.081 shall be repaired by grinding to 

give a value less than the specified roughness.  Grinding marks shall be parallel to the direction of 

the cut. 

Any cut steel surface having notches, gouges or other imperfections with a depth of 2 mm or greater 

shall be repaired by welding in accordance with AS/NZS 1554 Part 1. Notches, gouges or other 

imperfections with a depth of less than 2 mm shall be removed by machining or grinding, and the 

depression shall be tapered out smoothly for a distance of at least 75 mm on both sides of the defect.  
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Notches, gouges or other imperfections with a depth of less than 1mm on an otherwise satisfactory 

surface are acceptable provided that they are not closer than 20 times the thickness of the 

component. The finished product shall be within the specified tolerances.  

Where steelwork is to be given protective coating, all edges shall be ground or machined to a smooth 

even surface finish with a minimum radius of 2 mm.  Rolled edges need not be ground provided that 

the corners are rounded and that the edges are square and straight. 

All re-entrant corners shall have a radius of not less than 20 mm and shall be shaped to be smooth 

and without notches. 

 

810.09 SHEAR CONNECTORS 

Materials 

The welding of stud shear connectors shall be to AS/NZS 1554 Part 2 “Arc Stud Welding”. 

Procedure Test 

The process and operator shall be qualified by a procedure test. This test consists of welding six 

studs of the size and type to be used, onto a test plate of similar thickness and width to the actual 

flange to which the studs will be welded. 

The reinforcement formed within the ceramic ferrule shall be formed over 100% of the 

circumference. 

Two studs shall be hammered at least 30 from the original position without failure. 

A further two test studs welded to the test plate shall withstand a load representing a minimum 

tensile stress of 415 megapascals. 

The remaining two test studs shall be tested to AS 2205.5.1 - “Macro Test”. The two studs shall 

indicate complete fusion to the parent steel. All tests studs shall pass the above tests, and if any 

one stud fails, the procedure tests will be considered a failure. 

Fabrication 

After welding, 5% of the studs on each girder shall be tested by hammering through 30. 

If any stud fails all studs on the girder shall be tested. 

 

810.10 CAMBERING 

Cambering of members and measurement of camber shall be performed in accordance with a work 

instruction, prepared and issued by the Contractor in accordance with the quality system 

In the measurement of camber, where the member spans between supports, allowance shall be 
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made for this deflection due to self-weight. This allowance shall be calculated by an experienced 

structural engineer, as approved by FRA. 

 

810.11 HOLES FOR BOLTING GIRDERS 

(a) General 

Holes may be either drilled full size or reamed to full size after sub-drilling. Holes may be 

drilled from the solid metal instead of being sub-drilled and reamed, provided such drilling 

is done with the material assembled in the same manner as is required for reamed work. 

Sub-drilled holes shall be smaller in diameter than the nominal diameter of bolts by no 

less than the following amounts: 

bolts greater than 20 mm diameter  3 mm 

bolts 20 mm and smaller   2 mm 

(b) Sub-drilled Holes 

All holes shall be located with an accuracy such that after the steel is assembled and 

before any reaming is done, a cylindrical pin 3 mm smaller in diameter than the nominal 

diameter of hole may be entered perpendicular to the face of the member, without drifting, 

in at least 75% of the contiguous holes in the same plane. If this requirement is not fulfilled; 

the pieces shall be rejected. If any hole will not pass a pin 5 mm smaller in diameter than 

the nominal size of the punched hole, this shall be cause for rejection. Drifting to enlarge 

holes shall not be allowed. 

(c) Reamed or Drilled Holes 

Reamed or drilled holes shall be cylindrical and perpendicular to the face of the member. 

All reamed or drilled holes shall be located with an accuracy such that after the holes have 

been reamed or drilled, 85% of the holes in any contiguous group shall show no offset 

greater than 1 mm between adjacent thickness of metal. 

The assembly, including camber, alignment, and accuracy of sub-drilled holes shall be 

reviewed by the Engineer before reaming or drilling is commenced. All joints shall be 

matchmarked before the structure is dismantled. Holes for field connections of minor 

members may be sub-punched or sub-drilled and reamed or drilled from the solid to a 

hardened steel template not less than 25 mm thick, and all corresponding holes in the 

members to which they connect shall be reamed or drilled to the same template. 

Alternatively, these connections may be reamed or drilled with the members assembled. 

 

810.12 HOLES FOR BOLTING - OTHER WORK 
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All holes shall be drilled by mechanical means, and shall be cylindrical and perpendicular to the face 

of the member. Burrs on the outside surfaces shall be removed. Each member shall be assembled 

full length before drilling is commenced. 

The assembly, including camber, alignment, and location of holes shall be reviewed by the Engineer 

before drilling is commenced. All joints shall be matchmarked before the structure is dismantled. 

 

810.13 WELDING PROCEDURE QUALIFICATION 

Welding procedures for all specified welds shall be qualified by testing and reviewed by the Engineer 

before welding commences. The qualification method shall be in accordance with Clause 4.2(e) of 

AS 1554 Part 1 or Part 5. In addition to these requirements the following shall apply: 

(a) Submission to the Engineer of the written statement of the welding procedure. 

(b) The production of a welded test plate witnessed by the Engineer. Seven (7) days’ notice is 

required by the Engineer prior to the production of the test plate. 

(c) Testing of the test plate for the requirements specified in this specification. 

(d) Submission to the Engineer of test certificates demonstrating compliance with the 

requirements of this specification. All test certificate reporting the weld macro test (Clause 

4.6.5 of AS 1554/NZS) shall include a photograph of the etched surface at a magnification 

of one or greater. 

(e) A welding procedure qualification test shall also qualify the welding operator for that 

particular procedure. The above qualification method shall apply for welding operator 

qualification testing when additional operators are required for the same welding procedure, 

except that testing shall be by macro test only, and shall comply with Clause 4.6.5 of AS/NZS 

1554 - Part 1 or Part 5, as specified. 

(f) For all welding procedures for flange butt welds, the following tests shall be performed in 

addition to the macro test (Clause 4.6.5 of AS/NZS 1554) and shall form part of the flange 

butt weld procedure qualification. 

Table 810.131 

Test AS/NZS 1554 

(i) one weld joint tensile test Clause 4.6.6 

(ii) 2 side bend or 1 face and 1 

root bend 

Clause 4.6.7 

(iii) 3 Charpy impact tests Clause 4.6.8 and Note below 
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(iv) one hardness comparison test Clause 4.6.9 

(v) one hardness test - heat 

affected zone 

Clause 4.6.10 

 

Charpy Impact Tests 

For weld metal deposited in the flange butt weld procedure test, the requirements for the Charpy 

impact test shall be: 

Average Energy Minimum for One Test Temperature of Test 

(i) For welds between or including non-impact certified grades of steel 

35 Joule minimum 23 Joule 0C 

(ii) For welds between L15 steels 

40 Joule minimum 26 Joule -15C 

 

For all welding procedures for web to flange fillet or T butt joints, a weld macro test shall be 

performed (Clause 4.6.5 of AS/NZS 1554). For T butt welds at web to flange connections, a weld 

joint tensile test to Clause 4.6.6 of AS/NZS 1554 shall be performed using, if necessary, a loading 

bracket attached to the flange. 

 

810.14 WELD PROCEDURES TO BE QUALIFIED 

The following welding procedures shall be qualified by the method described above. 

1. Flame cutting 

 24 mm flange plate 

2. Tack welding 

 14 mm to 24 mm flange plate 

 9 mm web to 24 mm fillet splice 

3. Butt Welding 

 9 mm web butt weld 

 24 mm to 34 mm flange butt weld 

4. Web-to-flange fillet splice 9 mm fillet 
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 9 mm web to 34 mm flange 

 2 test plates required: 

 Plate A 300 mm minimum run length 

 Plate B 2000 mm minimum run length on full section of girder. 

5. Fillet weld 6 mm 

 12 mm gusset to 9 mm webs 

6. Stud Weld 

 19 mm diameter stud on 34 mm flange 

7. Flame cutting (written procedures only) 

 9 mm web plate 

24 mm flange 

8. Tack Welding (written procedures only) 

 14 mm to 24 mm flange plate 

 9 mm to 24 mm web/flange plate 

 

810.15 WELDING 

All welding consumables shall be stored, handled and used in accordance with Clause 2.3 of 

AS/NZS 1554. 

Electrodes shall be used in accordance with the recommendation of the manufacturer. 

Welding shall be carried out in strict accordance with the relevant sections of AS/NZS 1554, Part 1 

or Part 5, as specified, and in accordance with the following additional requirements. 

(i) Low hydrogen electrodes shall be used for all manual metal are butt welds. 

(ii) Minimum length of tack weld shall be 50 mm for a 5 mm fillet weld or 80 mm for a 4 mm 

fillet weld. 

(iii) Suitable run-on and run-off tabs should be used for all butt welds and web to flange fillet 

welds. Each weld pass should be terminated on the run-on/run-off tabs at least 20 mm 

beyond the edge of the parts to be joined. 

(iv) Root runs of butt welds shall be back-gouged sufficient to ensure full penetration. 

(v) The maximum size of electrode for down hand position welding, excepting root runds of 
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multiple pass welds, shall be 6 mm unless the work is in the first (natural-vee) position 

where 8 mm electrodes may be used. For welds made in all other positions and the root 

runs of multiple pass welds, the maximum size shall be 5 mm. 

(vi) The maximum size of fillet weld which may be made in one pass shall be 8 mm, except that 

10 mm fillet welds may be made in the flat (natural-vee) position. 

(vii) A single layer of weld metal, whether deposited in one pass or made up of several parallel 

beads, shall not exceed 3 mm in thickness except that the bead at the root may be 6 mm 

in thickness if the position of welding and viscosity of the weld metal is such that it does not 

overflow onto unfused parent metal. When welding in the vertical position the direction of 

welding for all passes shall be upward. 

(viii) Exposed faces of weld shall be made reasonably smooth and regular, shall conform as 

closely as practicable to specified dimensions and shall not at any place be less than the 

specified dimensions. 

(ix) Butt weld run-on and run-off tabs shall be removed after the joint has cooled and the ends 

of the weld shall be finished smooth and flush with the faces of the abutting parts. Butt 

welds shall be finished smooth and flush with abutting surfaces where required for 

assembly, where specified in the drawings, where the welds are to be non-destructively 

inspected and on the exterior faces of exterior girders. 

(x) All weld spatter shall be removed from the surfaces of the weld and the parent metal. 

 

 

810.16 SAFETY PRECAUTIONS 

Welding shall be carried out in accordance with the safety requirements of AS/NZS 1554 Part 1. 

Precautions shall be taken to protect all persons working or present near welding operations, 

including visitors and the public. Precautions include the control of exposure to arc radiation, hot 

metal and welding fumes as well as the prevention of electric shock and fire. 

Suitable opaque welding screens shall be provided to protect other people in the vicinity of welding, 

against stray radiation from arc welding. Where non-destructive tests employing industrial x-ray plant 

or radioactive isotopes are used, special precautions shall be observed to ensure that the personnel 

in the vicinity shall not be subjected to direct or scattered radiation. The relevant regulations 

governing the use of x-ray plant and equipment shall be complied with. 

 

810.17 EXTENT OF NON-DESTRUCTIVE INSPECTION OF WELDS 

The extent of non-destructive inspection using other means (radiography or ultrasonics to Table 6.2 
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of AS 1554)  

The reinforcement of flange butt welds that are to be ultrasonically examined shall be ground smooth 

and flush. 

The Contractor shall submit test certificates for all non-destructive inspections to the Engineer. 

 

810.18 DELIVERY 

Each member shall be marked for identification and an erection diagram shall be furnished with the 

erection marks shown thereon. All field splices in members shall be protected from damage in transit. 

All loose angles or gusset plates shall be packed in convenient bundles and temporarily bolted or 

bound together with heavy gauge wire. All small articles, such as bolts, shall be packed in secure 

containers adequately labelled, with the details and quantity of the contents clearly stated. 

The Contractor shall furnish to the Engineer two copies of material lists, dispatch notes and erection 

diagrams. The mass of the individual members shall be shown on the despatch notes. Members of 

mass greater than 2 t shall have the mass marked thereon. 

The Contractor shall submit sketches showing details of his proposed method of loading, 

transporting and unloading the structural members such that they are not excessively stressed, 

deformed or otherwise damaged during these operations. All packing and bracing required for 

satisfactory transport shall be provided by the Contractor. 

 

810.19 DIMENSIONAL TOLERANCES 

The dimension of structural members shall be within the tolerances specified on the drawings. 

Where tolerances are not so specified they shall be as follows: 

Overall Length 

 Up to and including 20 m     +6 mm 

 Additional allowance to be made to the above 

 for each additional 10 m or part thereof    +2 mm 

 e.g. 55 m total tolerance equals     +14 mm 

The tolerance on the gap between connecting girders specified in Item (m) below will override the 

above tolerances for connecting girders. 

Centre to Centre of any Pair of Bearings 

 Up to 15 m    +3 mm 

 Greater than 15 m and up to 60 m +6 mm 
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 Greater than 60 m   +12 mm 

Deviation from Specified Camber 

 At midspan up to 50 m   +6 mm 

 At cantilever ends   +2 mm 

Sweep 

6 mm or 1 mm per 2 m of member, whichever is the greater, measured between the ends of 

the member. Sweep shall be even throughout the length of the member. 

Maximum Allowable Deviation between Centreline of Web and Centreline of Flange of Built 

Up girders at Contact Surface 

 Within 600 mm of the end of the girder 2 mm 

 At splice points    1 mm 

 At all other points   3 mm 

Deviation from Flatness of Girder Webs 

 In any length of 150 mm   2 mm 

 In length between stiffeners or in a length equal to the depth of the girder: 

 At splice points    2 mm 

 Exterior girders    5 mm 

 Interior girders    5 mm 

Combined warpage and tilt of flange of welded girders shall be determined by measuring the 

offset at the toe of the flange from a line normal to the plane of the web through the 

intersection of the centre line of the web with the outside surface of the flange plate. This 

offset shall not exceed 1/100 of the total width of flange or 5 mm whichever is the lesser. 

Out of Flatness of Seats, Base Plates or Sole Plates 

 To be set on fresh grout or concrete  6 mm maximum 

 To be set on elastomeric bearing pads  2 mm maximum 

 To be set on unmachined steel or lead  0.25 mm maximum 

 To be set on machined steel surfaces  As shown on the drawings 

The Maximum Deviation from Specified Depths for Welded Beams and Girders Measured at 

the Web Centre Line shall be: 
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 For depths up to 1 m  +3 mm 

 For depths over 1 m  +5 mm 

 At splices   +2 mm 

Widths of Flange Plates 

 At splice joints   +1 mm 

 At all other points  +2 mm 

Twist 

The angular rotation of any cross-section relative to an end cross-section shall not exceed 1 

mm per 100 mm depth of girder. Deviation from flatness of girder flanges in lengths between 

stiffeners or in a length equal to the depth of the girder shall not exceed 2 mm for exterior 

girders or 3 mm for interior girders. 

Deviation from specified splice joint dimensions shall be: 

 Gap between connecting girders   +6 or -2 mm 

 Bolt hold edge distance    +2 mm 

 Splice plate dimensions    +2 mm 

 

 

810.20 TRACEABILITY OF STEEL AND STEEL MEMBERS 

All steel to be incorporated into the works shall be marked or tagged (for bundles): 

(i) to identify the manufacturer; 

(ii) to enable it to be traced to the heat number from which it was made; 

(iii) to indicate the grade of steel by using the designation system as described in AS/NZS 1163, 

AS/NZS 3678, AS/NZS 3679 and AS 1163; 

(iv) to enable it to be identified with the appropriate standard. 

All steel and steel members shall be traced from the point of purchase to its final location by a unique 

identification number. 

 

810.21 ERECTION OF STEELWORK – GENERAL 

This section deals with the erection of structural steelwork for the Permanent Works. The erection 

of steelwork shall be in compliance with Clauses 810.23 - 810.35 as appropriate to the design. 
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810.22 METHODS AND EQUIPMENT 

The Contractor shall provide all falsework, erection equipment, tools, machinery and appliances, 

including pilot and driving nuts, drift pins and fitting up bolts, necessary for the work. These items 

will be considered as equipment and will remain the property of the Contractor. Before commencing 

work the Contractor shall submit to the Engineer for approval, details of the proposed method of 

erection, including falsework, together with the type and size of the erection equipment to be used. 

The falsework shall be properly designed and substantially constructed for the loads which will come 

upon it and shall be adequately maintained while in use. Details of the proposed method of erection 

shall include calculations by a qualified structural engineer who is eligible for Corporate Membership 

of Engineers Australia to demonstrate that the proposed method does not lead to overstressing or 

instability of the girders during erection. The calculations shall establish the temporary bracing 

required during erection and prior to connection to the permanent cross frames and shall be 

accompanied by detailed drawings showing the type and location of bracing, the location of lifting 

points, and the necessary attachments to facilitate erection of the girders. The approval of the 

Engineer shall not relieve the Contractor from the responsibility for the adequacy and safety of his 

methods and equipment, nor from his responsibility for carrying out the work in strict accordance 

with the drawings and specifications. 

The written approval of the Engineer shall be obtained before erection commences. 

 

810.23 ERECTION PROCEDURE 

The structure shall be erected plumb and true to line and level. As erection progresses adequate 

temporary supports shall be provided, where necessary, to ensure that the structure is not 

overstressed during erection. Wherever necessary adequate temporary bracing shall be fixed to the 

steelwork to ensure that the parts that have been erected are stable and will not be overstressed. 

Such temporary bracing shall be left in position until sufficient permanent bracing has been installed. 

Temporary supports and bracing shall be to the approval of the Engineer. 

No permanent connections shall be made between the various parts of the structure until the 

alignment of all parts which will be affected has been checked and approved by the Engineer. 

 

810.24 ASSEMBLY 

The parts shall be accurately assembled as shown on the drawings and in accordance with 

identification marks on the members. The material shall be carefully handled so that parts will not 

be bent, twisted or damaged in any way. 

Hammering which will mark or distort the members will not be permitted. Bearing surfaces to be in 
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permanent contact shall be cleaned to the approval of the Engineer, and treated as specified before 

the members are assembled. 

 

810.25 MISFITS 

The correction of misfits involving minor amounts of reaming, cutting and grinding will be considered 

part of the erection and no additional payment will be made on this account. 

Any error in the shop fabrication or deformation resulting from handling and transportation, which 

prevents the proper assembly and fitting up of the parts by the moderate use of drift pins, reaming, 

cutting and grinding, shall be reported to the Engineer. The method of correction shall be subject to 

the approval of the Engineer. These corrections shall be made in the presence of Engineer’s 

Representative. 

 

810.26 FIELD CUTTING 

Field cutting of beams, girders or main members shall only be done with the written permission of 

the Engineer and in the presence of the Engineer’s Representative. Minor defects on the other 

members may be corrected by field cutting. 

All field cutting shall be done in a neat and workmanlike manner, and where required by the 

Engineer’s Representative, the cut surface shall have striations and burrs removed by grinding. 

Cutting torches will not be permitted on the structures except when used in accordance with the 

above requirements. 

 

810.27 BOLTED CONNECTIONS 

Bolted connections shall be used only where specified. Temporary bolted connections shall only be 

used where approved by the Engineer. The type of bolt to be used shall be as specified or approved 

by the Engineer. 

Bolted parts shall have effective contact without the interposition of gaskets or other flexible 

materials. Where bearing faces of bolted parts are not parallel, tapered washers shall be used to 

compensate for the lack of parallelism. The angle between the axis of the bolt and the surface under 

the bolt head or nut shall be 90 +3. Tapered washers shall be placed under the non-rotating 

component where possible. 

The parts of a member shall be assembled, pinned, and firmly drawn together with temporary bolts 

and erection pins before reaming or permanent bolting is commenced. At least 25% of the holes 

shall be filled with temporary bolts and 25% with cylindrical erection pins. Temporary bolts and 

erection pins shall be of nominal diameter 2 mm less than the diameter of the holes. Steel packing 

shall be provided where necessary to ensure that the surfaces are in effective contact. All packing 
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shall have a surface condition similar to that of the adjacent material and shall be subject to the 

approval of the Engineer. 

Drifting during assembly shall not enlarge the holes or distort the metal. Holes which do not match 

shall be reamed or drilled, and if required by the Engineer, bolts of a larger diameter shall be used. 

The holes in the parts to be joined shall be sufficiently aligned to permit bolts to be positioned without 

damage. 

Bolts and nuts shall always be tightened in accordance with a prescribed sequence. Where the 

sequence is not shown on the drawings a staggered pattern shall be adopted with tightening 

proceeding from the centre of the joint outwards. 

 

810.28 COMMERCIAL BOLTS 

Commercial bolts shall be in accordance with AS 1111. The diameter of holes for commercial bolts 

shall not exceed the nominal diameter of the bolt by more than 2 mm. Bolts shall be assembled with 

washers under the heads and nuts. 

Bolts shall be of such a length that they will extend entirely through the nuts, but not more than 12 

mm beyond them. The shank shall be threaded to such a length that not less than one thread shall 

be within the grip of the bolt after tightening. Bolt heads and nuts shall be tightened with a suitable 

wrench and the nuts shall be effectively locked where specified. 

 

810.29 TURNED BOLTS 

Turned bolts shall be manufactured from the material specified on the drawings or specified by the 

Engineer. Turned bolts shall be machined parallel throughout the unthreaded portion of the shank, 

and finished with a finishing cut. The finished diameter shall be the diameter specified on the 

drawings. The bearing faces of heads and nuts shall be machined square to the shank. 

Holes for turned bolts shall be reamed to size with the parts assembled in their respective positions. 

If considered necessary by the Engineer the parts shall be disassembled and the burrs removed. 

The following limits of tolerance will be permitted on the diameter of the unthreaded portion of the 

shank, and the holes into which they fit: 

 bolts from +0.000 to -0.120 mm 

 holes from +0.120 to -0.000 mm 

The threaded portion of the shank shall be entirely outside the grip of the bolt and a washer shall be 

provided to prevent the nut binding on the start of the thread. Bolts shall be of such a length that 

they will extend through the nuts but by no more than 6 mm. Bolts shall be driven accurately into the 

holes without damaging the threads or the head. Bolts shall be assembled with washers under the 
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heads and nuts, and shall be drawn tightly against the work with a suitable wrench not less than 400 

mm long. Bolt heads shall be tapered with a hammer while the nuts are being tightened and the nuts 

shall be effectively locked after final tightening. 

 

810.30 HIGH STRENGTH BOLTS 

High strength bolts, nuts and washers shall be as specified in the drawings. Nuts shall be of the 

double faced or washer faced hexagon type. Washer faced nuts shall be used with the washer face 

as the bearing face. The diameter of holes for high strength bolts shall not exceed the nominal 

diameter of the bolt by more than 2 mm. Each bolt and nut shall be assembled with at least one 

washer. The washer shall be placed under the bolt head or nut, whichever is to be rotated during 

the tightening operation. Tapered washers shall be fitted where the angle of the seating at the bolt 

or nut exceeds 3 from the normal to the axis of the bolt. 

All bolts shall be tightened by the “part-turn” method to produce, on completion of the joint, not less 

than the minimum bolt tension appropriate to the particular bolt diameter as specified below. 

Tightening of bolts and nuts by the part-turn shall be in accordance with the following procedure: 

(i) On assembly of the joint, all bolts and nuts shall be first brought to a “snug tight” condition 

to ensure that the parts of the joint are brought into effective contact with each other. “Snug 

tight” is defined as the tightness attained by a few impacts of an impact wrench or the full 

effort of a man using a standard podger spanner. Large joints shall have two runs over the 

bolts to check the “snug tight” position. 

(ii) After completion of this preliminary tightening to “snug tight” of all nuts in the joint, suitable 

location marks shall be established in such a way that the relative position of bolt and nut 

may be observed. Marked wrench sockets may be used, but location marks on the nut and 

bolt will be required for subsequent inspection. Permanent marks shall be provided on the 

bolt and nut if required by the Engineer’s Representative. 

(iii) Bolts shall be fully tightened in accordance with the Table 810.301: 

Table 810.301 High strength bolts 

Diameter of 

Bolt 

(millimetres) 

Minimum Bolt 

Tension 

(kilonewtons) 

Nut Rotation Required * 

½ Turn for Bolt 

Grips not 

exceeding 

(millimetres) 

¾ Turn for Bolt 

Grips between 

(millimetres) 

16 95 120 120 and 240 
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20 145 120 120 and 240 

24 210 160 150 and 350 

30 335 160 160 and 350 

*Nut rotation shall be measured relative to the bolt from the snug tight condition 

and the tolerance on rotation shall be one sixth of a turn over and nothing 

under. 

 

During this tightening there shall be no rotation of the part not turned by the wrench. The 

Engineer’s Representative shall approve of the tightening of all bolts to the “snug tight” position 

and the satisfactory marking of the nuts and bolts before final tightening. The same tightening 

pattern shall be used for both “snug tight” and final tightening, i.e. proceed from the most rigid 

part of the joint towards the free edges. The slackening off and retightening of fully-tightened 

bolts will not be permitted. Bolts shall not be re-used. 

After final tightening of each joint or group of bolts the Engineer’s Representative will 

inspect the joint and no further loads shall be applied to the joint until it has been approved. 

The Engineer’s Representative may use a standard torque wrench in accordance with the 

provisions of AS 1511. 

 

810.31 REMOVAL OF FALSEWORK 

Upon completion of the erection work and before final acceptance, the Contractor shall remove all 

falsework and construction equipment. Excavated materials placed above the final ground levels 

shall be removed. Bed logs, temporary piles and trestles, temporary concrete bases, etc., used in 

the construction operation shall be removed, pulled out or cut off at least 300 mm below ground 

level or stream bed level. 

Equipment for pulling piles will not be allowed to operate from the new structure. Equipment for 

removing falsework shall not be operated upon or attached to any portion of the new structure except 

with the written approval of the Engineer. All the above work shall be done to the satisfaction of the 

Engineer. 

 

810.32 DEFECTIVE WORKMANSHIP 

The Contractor shall be fully responsible for the erection of the steelwork in accordance with the 

drawings and this specification. Approval of any completed work or methods by the Engineer shall 

not relieve the Contractor of this responsibility. Work which has not been completed in accordance 

with this specification or which in the opinion of the Engineer, is defective, shall be completed or 
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corrected within the limits assigned by the Engineer at no additional cost to the Fiji Roads Authority. 

 

 

810.33 PROTECTION OF STEELWORK AGAINST CORROSION – GENERAL 

Surface preparation and protection against corrosion of steelwork shall be carried out in compliance 

with Clauses 810.5 to 810.21 and Table 810.331 as appropriate to the design and method of 

fabrication of the components. 

Table 810.331 Details of corrosion protection requirements 

Syste

m Ref. Location 

Min. total 

dft 

(microns) 

Preparatio

n* Primer Undercoat 

Finishing 

Coat 

A Exterior 

main 

surfaces 

325 Blast clean 

to clean 

steel, Class 

2.5 blast 

finish 

Inorganic 

Zinc Silicate 

(75 

microns) to 

AS 2105 

High Build, 

High solids 

epoxy MIO 

(175 

microns) 

High Build, 

High solids 

epoxy MIO (75 

microns) site 

applied 

B Contact 

surfaces 

at HSFG 

joints 

25 Blast clean 

to clean 

steel, Class 

2.5 blast 

finish 

Epoxy blast 

primer (25 

microns) 

N/A N/A 

C Handrail

s, 

expansio

n joints, 

scuppers 

and 

Lighting 

poles 

85 plus 175 

(site) 

Pickling Galvanised and then coated on site with MIO 

High Build Epoxy Mastic (175 microns) 

D Pile 

Splash 

Zone 

500 Blast clean 

to clean 

steel. Class 

2.5 blast 

finish 

High Build, High Solids catalysed epoxy or 2 

coats of approved bituminous paint 
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* Class blast finish to Australian Standard AS 1627, Part 4. 

 

810.34 SURFACE PREPARATION 

Steel components shall be free of surface defects including deep pitting, weld defects, weld spatter, 

slag, burrs, and fins.  Sharp edges shall be ground to a minimum radius of 2 mm to meet the 

requirements of Preparation Grade P2 as defined in ISO 8501.3.  The steelwork to be coated shall 

be inspected for compliance with all relevant Section 810 before protective coating works 

commences. 

Surfaces being prepared and coated shall be protected from the weather. 

All surfaces to be coated shall be free of all oil and grease.  Where appropriate, contaminated 

surfaces shall be cleaned by solvent washing in accordance with AS 1627.1 prior to commencement 

of surface preparation by abrasive blast cleaning.  All solvents or degreasing agents shall be 

approved by the coating manufacturer.  Anionic detergents shall not be used. 

Steelwork shall be sand or grit blasted to achieve the Class of finish specified in Table 810.331 and 

in accordance with AS 1627, Part 4. The maximum profile height shall be 0.08 mm. 

 

810.35 PROCEDURES FOR TREATMENT OF LOCAL FAILURE IN PROTECTIVE COATING 

In the shop, failed paint coating shall be restored. Abrading down to sound paint only, is permissible. 

On site, failed paint coatings shall be restored except that: 

(i) abrading down to sound paint or to bright steel, or 

(ii) blast cleaning to a Class 2.5 finish 

(iii) are permissible methods of surface preparation when restoring paint systems over a steel 

substrate. 

In all cases of local failure, the extent of the failure and the required surface preparation, including 

extent of initial wet or dry cleaning down, shall be agreed with the Engineer. 

Restoration of protective coatings shall not be started until the standard of surface preparation, 

including the cleanliness of the surface, has been passed as satisfactory by the Engineer’s 

Representative. 

 

810.36 PAINT AND SIMILAR PROTECTIVE COATINGS 

Definitions of painting terms contained in AS/NZS 2310 shall apply where these terms are used in 

the Specification. 
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Coating film thickness is specified in microns, in accordance with industry practice, where one 

micron is equal to one micrometre. 

All materials (including thinners) for the coating system shall be supplied by the same paint 

manufacturer. 

Conditions of application and curing shall comply with the requirements of this specification and the 

paint manufacturer’s written recommendations. 

Unless otherwise specified, coating materials shall have approval to the Australian Paint Approval 

Scheme Specifications (APAS) specification listed in the applicable Coating System Specification. 

Zinc primer, where used on the works, shall have a minimum zinc dust pigment content of 80% by 

mass. 

All coating materials shall be compatible with each other and the substrate surface on which they 

are to be applied.  Where more than one coat of paint is to be applied, the colour of successive 

coats shall be different to aid application and inspection. 

The Engineer shall nominate the colour(s) to be used for topcoats. 

All paint of a particular type for a topcoat of a particular structure shall be from the same batch. 

All paint shall be stored, handled and used in accordance with the paint manufacturer’s 

recommendations, including for storage conditions, shelf life and pot life restrictions, and mixing and 

straining requirements. 

The Contractor shall record details of all paints used, including manufacturer’s name, product name 

and batch number of all products, and results of all testing carried out by the Contractor to assess 

conformity of the product. 

The term paint shall be deemed to refer also to similar protective coatings including specialist 

coatings such as grease paints. 

The Contractor shall submit to the Engineer for approval, information as to the type, colour, 

manufacture, trade name and service records of the coating which he is proposing to use together 

with the method of curing. The Engineer’s approval to the painting systems will not relieve the 

Contractor of his obligations under this contract. 

 

810.37 METAL COATINGS 

For steel components that are detailed on the drawings to be hot-dip galvanized, this shall be carried 

out in accordance with AS 4680.  All requirements for hot-dip galvanizing for surface preparation, 

application of coating, film thickness and acceptance are included in AS 4680. Galvanized 
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components that are subsequently required to be coated with paint shall be coated in accordance 

with this section. 

Galvanised coatings shall, unless otherwise described in the Contract, comply with the appropriate 

Australian Standard and with the following; 

(i) Inhibited hydrochloric acid with a strength not exceeding 14% and within a temperature 

range of 15C to 25C or inhibited sulphuric acid with a strength not exceeding 18% and 

within a temperature range of 60C to 80C shall be used for pickling. 

(ii) Components shall not be immersed in the pickling acid longer than is necessary for cleaning 

the surfaces prior to galvanising. 

(iii) The surfaces of components to be galvanised shall be dried before immersion in the molten 

zinc. 

(iv) When an aqueous flux is to be used, all traces of acid shall be washed off immediately after 

pickling. 

(v) Galvanised coating shall be virtually free from imperfections, including porosity, to the 

satisfaction of the Engineer. 

(vi) Detrimental surface contamination of galvanised coatings which are to be painted shall be 

removed by wet cleaning in compliance with Clause 810.6. Surfaces to be painted shall not 

receive chromate passivation treatment. 

(vii) Vent holes drilled in hollow sections prior to galvanising shall be plugged to the satisfaction 

of the Engineer. 

 

810.38 APPLICATION OF PAINT 

Paints shall comply with the following requirements  

AS 1580.108.2 Paints and related materials – Methods of test - Dry film thickness - Paint 

inspection gauge 

AS 1580.408.4 Paints and related materials – Methods of test – Adhesion (crosscut) 

AS 1580.408.5 Paints and related materials – Methods of test – Adhesion - Pull-off test 

AS 1627.1 Metal finishing - Preparation and pre-treatment of surfaces – Removal of oil, 

grease and related contamination 

AS 1627.4 Metal finishing - Preparation and pre-treatment of surfaces – Abrasive blast 

cleaning of steel 

AS/NZS 2311 Guide to the painting of buildings 

 Page  695  of  708 



Fiji Roads Authority 

 

677  

AS/NZS 2312 Guide to the protection of structural steel against atmospheric corrosion by 

use of protective coatings 

AS 2700 Colour standards for general purposes 

AS/NZS 4548.5 Guide to long-life coatings for concrete and masonry Part 5: Guidelines to 

methods of test 

Unless otherwise approved by the Engineer all paints to be applied to a particular surface as part of 

a paint system shall be obtained from a single manufacturer. 

Where priming of materials is executed before delivery to site the Contractor shall ensure and obtain 

a written guarantee from the appropriate supplier that the primers used in these instances shall be 

obtained from the same manufacturer as that approved by the Engineer for the finishing coats. 

The Contractor shall satisfy himself as to the covering capacity of paints according to the absorption 

of the various surfaces and shall allow in his prices accordingly. 

The methods employed for the application of paints shall be sufficient to give solid cover in the 

number of coats specified. 

Where appropriate the Contractor shall certify to the Engineer that paints supplied for use on the 

works are compatible with any timber preservation or fire proofing treatment which may be specified. 

All paints shall be delivered to site in containers sealed and labelled by the paint manufacturer. 

Labels shall detail the following items: 

• Manufacturer’s name 

• Paint colour 

• Paint type 

• Batch number 

• Paint storage requirements 

• Appropriate safety instructions 

The capacity of containers for single pack paints shall not exceed five litres. Containers of epoxy 

paint shall be of a pack-size suitable for complete usage when thoroughly mixed by one operator 

within the pot life of the material at the highest likely ambient temperature. The Engineer may 

approve the supply and use of larger packs but only where the proportioning of the various parts, 

their mixing, and issue of paint, shall be under the direct control of a skilled and experienced 

operator. An electrically operated mixer may be used where it can be shown that it does not entrain 

air in the paint. 
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The pot-life of epoxy primers and paints when mixed shall not be less than one hour at the 

temperature at the place of application at the time of mixing. When approving paints the Engineer 

will have regard to the ambient temperatures likely to be experienced for field application and may 

restrict paint application to such times as the temperature is sufficiently low for the specified pot-life 

to be ensured. On no account are thinners to be mixed with epoxy materials. Strict control shall be 

exercised in the issue of thinners for cleaning brushes and equipment. 

Within 4 hours after completion of the surface preparation, or within the time period specified by the 

manufacturer, the surface shall be completely and uniformly covered, with pain, in accordance with 

the requirements of Table 810.331. 

The coatings shall be applied in accordance with the manufacturer’s instructions and, if necessary, 

shall be protected from the weather until resistant to moisture. The coatings shall be applied under 

dry conditions and shall not be applied when atmospheric conditions are unsatisfactory or are likely 

to become unsatisfactory. Paint which has exceeded the pot or shelf life recommended by the 

manufacturer shall not be used. The coating shall be smooth, uniform and without runs, beads, 

pinholes, surface crazing, or other imperfections. The finished system shall have an even and 

uniform appearance. 

The thicknesses of the dry paint shall not be less than specified in Table 810.331. If the paint coating 

is too thin, or shows evidence of having been applied under unfavourable conditions, or the 

workmanship is poor, or the specified requirements are not fulfilled, the surface shall be retreated to 

the extent required so as to conform to the requirements of this specification. 

The paint systems shall be cured in accordance with the manufacturer’s instructions. Before 

commencing parting the Contractor shall furnish the Engineer with details of the overall wet film 

thickness for each coat he proposes to apply. He shall also provide information as to the total amount 

of paint he expects to use for each coat of each system. The calculation of the amount of paint to 

be used shall be based on the volume of solids plus an allowance for waste. 

The following requirements on paint film thickness shall apply: 

(i) Wet film thickness gauges shall be used where practicable to check that the wet film 

thickness is not less than: %solidsVolume

100x)mdft(thicknessfilmdryimummin

 

(ii) During the application of a paint system the Contractor shall ensure that the progressive 

total thickness of the applied coats will allow the specified minimum total dft of the system 

to be attained without exceeding, overall, the proposed wet film thicknesses referred to in 

this Clause by more than 20%. 

(iii) In no case shall the total dry film thickness of a paint system or the mdft of the last undercoat 

and finish be less than that specified in Table 810.331. 
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(iv) The local dry film thickness for any primer shall not exceed the specified mdft by more than 

30% and for other paints by more than 75%. 

Each coat of paint of a specified system shall have satisfactory adhesion as demonstrated 

by the following adhesion test: 

Using a straight edge and a hardened steel scriber which has been ground to a sharp 30 

degrees point, two parallel lines shall be scribed at a distance apart equal to 10 times the 

average coating thickness. In scribing the two lines, enough pressure shall be applied on 

each occasion to cut through the coating to the base metal in a single stroke. If at the second 

cut any part of the coating between the lines breaks away from the base metal, the coating 

shall be deemed to have failed the test. 

(a) Shop Painting 

Unless otherwise specified, all steelwork shall be painted under workshop conditions after 

completion of the fabrication. 

Contract surfaces between parts to be fixed together shall be painted in accordance with 

Table 810.331. 

Surfaces of steelwork against which concrete is to be cast, shall be left unpainted except 

for a strip approximately 25 mm wide along the boundary of the contact surfaces. 

(b) Field Painting 

Field painting of steelwork shall be in accordance with Table 810.331. 

The Contractor shall protect adjoining property, pedestrian, vehicular and other traffic 

upon or in the vicinity of the bridge, and other portions of the bridge against disfigurement 

or damage by paint. 

Where parts are to be joined by field welding, surfaces within 50 mm of the weld location 

shall be stripped of paint prior to welding. Any paint scarred or damaged by the welding 

shall be removed. All uncoated areas shall then be sandblasted and coated in accordance 

with this specification. Special precautions shall be taken to ensure that surfaces 

previously coated are not damaged by the sandblasting operations. 

Field welds, the heads of bolts and all other areas where the shop paint has been 

damaged or has been omitted for field connections, shall be cleaned in accordance with 

the relevant part(s) of AS 1627 to produce a clean metallic surface for the application of 

paint. 

 

810.39 STORAGE AND TRANSPORT OF STEEL AND FABRICATED STEELWORK 
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Steel awaiting fabrication for the Permanent Works and uncoated steelwork shall be adequately 

protected from contaminants liable to cause heavy rusting and possibly pitting of the surfaces. 

Steelwork shall not be loaded for transport until the paint system is sufficiently hard for handling. 

During storage, steelwork shall be kept clear of the ground and shall be laid out or stacked so as to 

prevent water or dirt accumulating on or against any of the surfaces. Suitable packings shall be 

placed between layers of stacked steelwork. When cover is provided it shall be ventilated sufficiently 

to keep condensation to a minimum. 

Components weighing less than one tonne shall be kept in a storage area away from their erection 

point in order to minimise damage to protective coatings. If in the opinion of the Engineer, damage 

to coatings is excessive, or may be difficult to deal with satisfactorily after erection, the Contractor 

shall restore the coatings before erection.  

 

810.40 PAINTING OF PILES WITHIN THE SPLASH ZONE 

The manufactured steel piles are to be protected from corrosion in the splash zone areas as defined 

on the drawings and within Section 801 of the specification. 

The surface of the steel piles, in the splash zone, shall be prepared and coated as specified in Table 

810.331 of this specification. 

 

810.41 GALVANISED OPEN DECK WALKWAYS 

The steel open deck walkway panels shall be manufactured such that they are shaped to avoid 

pipework and are self-draining, ventilating and fireproof. Galvanising shall be undertaken in 

accordance with Clause 810.37 

The maximum total weight of any panel shall be 50kg to facilitate maintenance and shall be capable 

of resisting full pedestrian loading requirements to AS 5100 

Fixing shall be provided using the proprietary fixing clips shown on the Construction drawings. 
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SECTION 811 – BRIDGE DRAINAGE AND SERVICE DUCTS 

 

811.01 SCOPE 

This section covers the construction of bridge drainage works such as weep holes, drainage pipes 

and scuppers, no-fines concrete backing and concrete channelling as well as the supply and 

installation of service ducts, for the various Public Utilities, to the details shown on the drawings. 

 

811.02 WEEP HOLES, DRAINAGE PIPES, SCUPPERS AND CHANNELLING 

Weep holes, drainage gullies, scuppers, pipes and channelling shall be provided in accordance with 

the details shown on the drawings or ordered by the Engineer. Weep holes shall not be placed within 

40 mm of any reinforcement and shall be cleaned to permit the free flow of water on completion of 

the works. 

Drainage pipes shall be non-metal pipes of the material called for on the Drawings and shall on 

completion be cleared of all foreign matter and the interior surface left smooth. The steel gullies shall 

be located as shown on the Drawings and shall be galvanized and top coated as detailed in Section 

810 of the specification. 

Cast in situ concrete channelling shall be provided next to kerbing where shown on the  

Drawings and according to the details provided. Concrete work shall be carried out in accordance 

with the provisions of Section 804 and channelling shall be given a Class U.2 surface finish as 

specified in Clause 802.08(b). The channelling shall be bonded to the bridge deck concrete in 

accordance with the provisions of Clause 804.08. 

 

811.03 DRAINAGE TO RETAINING WALLS AND ABUTMENTS 

Drainage shall be provided to rear faces of retaining walls and abutments as indicated on the 

Drawings. Drainage shall meet the requirements of Section 502. 

Geotextiles shall meet the requirements of Section 608. 

Permeable filter materials shall comply with the requirements of Clause 202.04(e). 
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SECTION 812 

 

Left intentionally blank. 
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SECTION 901 – LANDSCAPE WORKS 

 

901.01 DESCRIPTION 

This section covers the requirements for works associated with the vegetation of the site.  This 

includes, but is not limited to, material supply, site preparation, mulching, planting, grassing, the 

control of erosion, irrigation and landscape maintenance. 

 

901.02 SUPPLY OF MATERIALS 

All materials shall be supplied by the Contractor. 

 

901.03 SETTING OUT PLANTING AREAS AND PLANTS 

The Contractor shall set out the planning beds and the location of individual plants in accordance 

with the drawings by scaling dimensions from the drawings or by complying with plant number and 

density requirements and locating by reference to existing features. 

 

901.04 GROUND PREPARATION 

(a) Grassed Areas 

Areas to be grassed which have no topsoil shall be topsoiled to a depth of 75mm.On 

batters steeper than 4:1, prior to spreading topsoil the Contractor shall roughen the 

ground to ensure the topsoil is keyed into the ground to minimise slippage and erosion. 

(b) Planting Areas 

Planting areas shall be prepared by removing any grass or weeds using an approved 

herbicide or by mechanical means and ripping to a minimum depth of 500 mm at the 

specified planning locations. Details of chemical herbicides and the method of application 

proposed shall be submitted to the Engineer for approval prior to use. Immediately prior 

to planting, the beds shall be cultivated to a depth of 300 mm. 

Rocks and other material 75 mm in diameter or greater dislodged during cultivation shall 

be removed and disposed of by the Contractor. Additional topsoil shall be used to fill any 

depressions caused by the removal of rock and debris. 

In the event of saturated ground conditions, cultivation shall be delayed until the ground 

has satisfactorily dried out. 

Ripping shall occur when soil is at or approaching the plastic limit of dryness. Ripping 
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shall be postponed when the soil is at or wetter than field capacity. Narrow tines shall be 

used in rocky ground and winged tines in other ground types. Rock and rubbish brought 

to the surface shall be removed and disposed. The Contractor shall inform the Engineer 

of sites where the presence of rock prevents the specified minimum ripping depth being 

achieved and implement alternative techniques (such as a standard tine) to maximise 

planting bed ground preparation depth. 

Ripping shall not occur within the extent of existing vegetation areas marked for protection 

or within the drip line of existing woody plants.  In the vicinity of woody plants to be retained 

with greater than 600 mm trunk diameter at breast height, 1.5 times the height of the tree 

measured horizontally from the tree trunk shall be considered and marked as an area to 

be protected.  For trees less than 600 mm diameter the area to be protected shall be the 

area within the drip-line.  Any planting to be carried out within these protected areas shall 

be done using hand cultivation techniques to minimise damage to existing tree roots 

zones. 

The Contractor shall make available each ripped planting area, individual tree planting 

and grassing area prior to mulching, planting or grassing.  The Contractor shall not 

proceed until the Engineer acknowledges requirements for ripping have been met.  In 

areas where ripping is not practicable, the Engineer shall submit alternative methods to 

achieve an equivalent result to the Engineer for review. 

(c) Removal of Unwanted Matter 

The Contractor shall remove unwanted matter.  Unwanted matter includes the following: 

(i) Mown Grass Areas 

• weeds, plastic, metal, glass or material toxic to plants 

• surface stone, rock, building rubble greater than 25 mm in diameter 

• clay lumps, sticks and exposed tree roots greater than 50 mm diameter 

(ii) Planting Areas 

• weeds, plastic, metal, glass or material toxic to plants 

• visible surface stone, rock, building rubble greater than 75 mm in diameter 

• clay lumps, sticks and exposed tree roots greater than 100 mm diameter 

 

901.05 GRASSING 
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Except for those areas in which trees and shrubs are to be planted, all areas to be grassed, including 

catch drains and open channels and all areas disturbed by the Contractor which will not be a planting 

area, shall be sown with premixed grass seed and fertiliser. 

Grass seed shall be sown at minimum 100 kg/Ha (if drilled) or 200 kg/Ha (if broadcast), distributed 

evenly to achieve an even and dense grass cover. 

Germination rate shall be minimum 80% cover within 8 weeks and 95% cover within 3 months of 

sowing.  If germination has not been achieved in any grassed area within 8 weeks, then the area(s) 

shall be reseeded with the specified grass seed mix. 

The Contractor shall apply fertiliser evenly over the prepared surface in accordance with the 

manufacturer’s recommendations. 

The Contractor shall carry out the first cut when at least 50% of the grassing area to be cut has 

grown to minimum 75 mm and maximum 150 mm height and mow to a minimum height of 75 mm. 

Less than 1/3 the height of the grass shall be removed in the first cut. 

 

901.06 EROSION PROTECTION 

Where specified or shown on the drawings erosion prone areas shall be protected immediately 

following topsoiling by the use of Erosion Matting. 

Matting shall be laid and anchored in accordance with the manufacturer’s instructions, or in the 

absence of specific instruction matting on batters shall be laid in strips with overlap and fixed above 

the crest and below the toe of the batter by burying in a 300 mm deep trench. In drainage channels 

the matting shall cover the full width of the floor and extend 600 mm up each side and be fixed at 

the upstream and downstream end by burying in a 300 mm deep trench. Where the batter slope 

feeding the drain is also to be matted, the batter matting shall be placed under the drain matting 

down to the drain invert. 

 

901.07 PLANTING 

(a) General 

The natural soil shall be damp at the time of planning, but free water shall be allowed to 

drain. 

Plants shall be thoroughly watered 24 hours prior to and immediately after planting. 

Planting shall be carried out in such a manner to ensure healthy, vigorous growth of 

plants. All plants shall be planted, mulched and fertilised as specified. 
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 Initial planning shall be completed a minimum of six (6) months before the due date for 

the end of the maintenance period specified. 

The Contractor shall carry out planting so as to ensure healthy, vigorous growth of plants. 

In the event the specified plant is unlikely to be suited to the as constructed growing 

conditions, the Engineer shall be notified. 

Holes in heavy soils or on batters shall be prepared so as to ensure adequate drainage. 

Holes shall not be left smooth sided in ‘plastic’ soils. Drill or auger hole diggers shall only 

be permitted where soils have been cultivated. 

Planting holes shall be backfilled with friable topsoil free of debris, rocks and clods greater 

than 50 mm in diameter. 

Under no circumstances shall any plant be planted into a dry planting hole (soil moisture 

at wilting point or drier).  If the soil is dry, the planting hole shall be saturated with water 

prior to planting. 

(b) Staking 

Where specified, plants shall be staked in accordance with the drawings. 

(c) Tree Guards     

Tree guards shall be placed around all tube stock at the time of planting and shall be 

securely anchored. 

(d) Mulching  

Approved mulch or weed mat shall be placed at least 500 mm around all plants. Mulch 

shall be placed to a depth of 75 mm to 125 mm , and shall be kept clear of stems to avoid 

collar rot.  When planting in garden beds, mulch shall extend at least 1000 mm beyond 

plants at the outer edges of the beds. 

 

901.08 MAINTENANCE 

(a) Scope of Maintenance 

The Contractor shall maintain the whole of the landscape works performed under the 

Contract for the term of the defects liability period. Maintenance of the landscape work 

shall include the following tasks: 

 replanting, weed control, watering, mowing/slashing, reseeding of seeded grass 

areas pest and disease control, re-mulching, pruning, repairs to erosion treated 

areas 
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 maintaining the site in a neat and tidy condition 

 repair and removal of stakes 

(b) Maintenance Program and Joint Inspections 

A joint inspection of all landscape work by the Contractor and Engineer shall be carried 

out at the commencement and conclusion of the maintenance period. 

The Contractor shall carry out any remedial works identified during the inspections within 

two weeks of the date of the inspection unless otherwise directed by the Engineer.  

Between these inspections at 3 monthly intervals the Contractor shall conduct inspections 

of the work and remedy any defect identified. 

Grassing and planting may be delayed until suitable conditions prevail subject to the 

agreement of the Engineer. 

(a) Replanting 

Maintenance for replanting shall begin as soon as planting has begun in a planting area. 

Plants which die or do not show healthy growth within the maintenance period for any 

reason shall be replaced and replanted by the Contractor. 

(b) Weed Control 

All mulched areas, including mulch around individual plants, shall be maintained in a weed 

free state. All grassed areas shall be maintained free of broadleaf and noxious weeds. 

Bare ground that results from weed control activities shall be cultivated and re-grassed to 

establish a minimum 95% grass cover. 

Weeds within planting areas and around tree plantings are to be managed from when 

cultivation of the planting site is complete. All planting areas shall be managed by the 

Contractor to maintain a minimum of 90% weed free surface with no weeds taller or 

broader than 200 mm at all times and all weeds are to be removed prior to the production 

of viable seed.  Weeds within Individual Tree Plantings are to be managed for a radius of 

not less than 1.5 metres at each planting location. 

(c) Watering 

The Contractor shall water all plants as necessary to ensure continued healthy and 

vigorous growth from time of planting. 

(d) Mowing/Slashing  

The Contractor shall mow/slash all grassed areas to maintain grass heights of between 
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50-150 mm. 

(e) Re-seeding 

In addition to areas grassed by the Contractor, the Contractor shall maintain all other 

grassed areas within the limits of work. Areas with less than 95% grass cover (for each 

grassed area) within three months after sowing shall be re sown by the Contractor. The 

Contractor shall ensure that 95% cover is maintained throughout the duration of the 

maintenance period. 

(f) Pest and Disease Control 

All plants shall be maintained free of insect infestation and plant disease. 

The control of pests and diseases shall begin before the first planting. The Contractor 

shall maintain all plants free of insect infestation and plant disease so that healthy, 

vigorous plant growth is sustained. Minor infestations of native pests and diseases on 

indigenous plants not threatening survival or healthy growth need not be controlled. 

The Contractor shall provide protection to plants from vertebrate grazing animals.  All 

planting killed by grazing animals shall be replaced.  If more than 5% of planting in a 

planting area shows signs of damage by grazing animals, the Contractor shall take 

immediate action to prevent further grazing damage. As a minimum the Contractor shall 

immediately install tree guards or suitable protective fencing securely around all plants 

subject to vertebrate grazing. 

Where chemical repellents are to be used to prevent grazing, the repellent shall be applied 

until the growing tip of the plant is beyond the grazing height of the pest animal, subject 

to the approval of the Engineer. 

(g) Re-Mulching 

All areas covered with shredded or chipped mulch shall be maintained at a minimum depth 

of 100 mm of mulch.  The Contractor shall prune plants as required to remove damaged 

branches. 

Maintenance of areas mulched shall begin from the first planting. 

Areas mulched with shredded wood mulch that do not have full foliage cover at ground 

level shall be maintained at a minimum consolidated depth of 75 mm by the Contractor. 

Re-mulching is not required where shrub or groundcover canopies have fully connected 

foliage. 

(h) Repairs to Erosion Treated Areas 
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Maintenance and repairs to erosion treated and affected areas shall begin from the earlier 

of installation of treatment or erosion occurring. The Contractor shall maintain all areas of 

erosion protection treatments from the earlier of installation of treatment or erosion 

occurring and shall repair all damage or erosion which arises. Such areas shall be re 

prepared and re protected as necessary in accordance with Clauses 901.05 and 901.06 

to minimise erosion occurring and to establish a stable condition. 

(i) Maintaining the Site in a Neat and Tidy Condition 

At any time the site is accessible to the public, the Contractor shall keep the site in a neat 

and tidy condition free of litter, debris or extraneous materials not associated with the 

works.  Litter that may be carried from the site by wind or water shall be controlled, 

collected and removed by the Contractor from Possession of Site. 

 

END OF SECTION 
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