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##This section cross-references Sections 204, 610 and 611.

If any of the above sections are relevant, they should be included in the specification.

If any of the above sections are not included in the specification, all references to those sections should be struck out, ensuring that the remaining text is still coherent:

632.01
GENERAL

This section covers the supply of buried corrugated metal structures (BCMS) of the following types:

•
bolted steel plates or sheets in accordance with AS/NZS 2041
•
long-span corrugated steel structures in accordance with AS/NZS 2041.

Except as otherwise stated in Bridge Technical Note BTN 015 Buried Corrugated Metal Structures, 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 in accordance with Bridge Technical Note BTN 015 Buried Corrugated Metal Structures.

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.
632.02
STANDARDS

The definitions and requirements in AS/NZS 2041 Buried corrugated metal structures shall apply where appropriate.
632.03
MATERIAL COMPLIANCE

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.

Test certificates for materials shall be endorsed in accordance with the AS ISO/IEC 17025 accreditation for the testing laboratory,
The Contractor shall submit the following to the Superintendent for each lot of steel plate material used in the fabrication of the culvert:
•
test certificates for the required material properties in accordance with the relevant Australian Standard
•
the manufacturer's certificate of compliance of the material with the relevant Australian Standard.
Test certificates for other materials shall be supplied to the Superintendent 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 Superintendent on request.

632.04
CUTTING AND FORMING PLATES

The edges of plates shall be cut straight and finished square.

Distortions caused by cutting or shearing shall be removed.

Any sharp edges shall be ground or machined to a smooth even surface finish with a minimum radius of 1.5 mm.  Rolled edges need not be ground provided that the corners are rounded and that the edges are square and straight.

Plates shall be mechanically curved to the required radius in order to ensure that the specified cross‑sectional dimensions of the finished culvert are achieved in a manner that does not damage the material or its coating.

632.05
END TREATMENT
Ends of culverts shall be plain.  If required, skewed, stepped, bevelled and step-bevelled ends shall be fabricated to the shapes and dimensions shown on the drawings.
632.06
MINIMUM THICKNESS
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.

Otherwise, for structures designed by the Contractor, 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.
HP
Not less than four weeks before delivery of the BCMS to site, the Contractor shall submit details of the proposed thickness of culvert wall to the Superintendent for review.  The submission shall include:

•
calculations for the thickness required to support dead and live loads
•
calculations for both the earthside and waterside surfaces that demonstrate how the design life requirement will be achieved
•
the assumed annual rates of loss of galvanising for both soil-side and waterside surfaces together with the assumed annual rates of  loss of steel for both soil-side and water-side surfaces when the galvanising has been expended
•
details of the soil and water chemistry, pH and soil resistivity obtained from site investigations and how these have been used in the determination of thickness
•
considerations of present and future use of the BCMS and upstream land land-use that may effect soil and water chemistry and that can reasonably be determined at the time of design
•
drawings showing the BCMS, the structural concrete lining complete with details of inlet and outlet structures, cut-off and end-walls
•
evidence that the design has been proof-checked by a proof-engineer who is pre-qualified in accordance with the VicRoads Pre-qualification Scheme or approved by the Superintendent.

Design calculations shall ignore the effect of the concrete lining required by Clause 632.09.

632.07
BOLTS

Temporary bolts may be used to draw plates together during assembly but shall be replaced by the permanent bolts in the final assembly.

Bolts and nuts shall comply with the requirements of AS/NZS 2041.

632.08
HANDLING, STORAGE AND ASSEMBLY
Components shall be handled, stored and assembled with care to avoid distortion and damage to the galvanised surfaces or other coatings.

Culverts shall be assembled in accordance with AS/NZS 2041.

If pre-fabricated culverts are transported in completed lengths, temporary bracing shall be used as necessary to prevent permanent distortion.

Pre-fabricated culverts and bevelled ends shall be internally braced during transport and lifting as necessary to prevent permanent distortion of the culvert.

Should damage or permanent deformation occur to a completed structure, it shall be repaired to the satisfaction of the Superintendent.  Failing that, the distorted length of culvert or plates shall be replaced.

Damage to galvanised surfaces shall be repaired in accordance with AS/NZS 4680.  Other coatings shall be repaired in accordance with the manufacturer’s recommendations.

Galvanised components shall be transported and stored in conditions that minimise the risk of zinc oxide formation (otherwise known as white rust or wet-storage stain).
The Contractor shall inspect all galvanised components for the presence of white rust.
The Contractor’s inspection report together with its proposals for the removal of zinc oxide shall be submitted to the Superintendent for review.

Superficial deposits of zinc oxide shall be removed prior to the incorporation of the galvanised components into the structure.

If the galvanised coating thickness has been reduced below the appropriate minimum requirement of AS/NZS 4680, remedial action shall be taken to restore the thickness of the galvanised coating to the minimum requirement.
The Contractor shall submit its proposals for restoration of the required galvanised coating thickness to the Superintendent for review.

632.09
INVERT LINING
The inverts of all culverts shall be lined with reinforced concrete in accordance with the drawings and Bridge Technical Note BTN 015 Buried corrugated metal structures.

The extent of the concrete invert lining shall be determined in accordance with Bridge Technical Note BTN 015 Buried corrugated metal structures.

Lining concrete shall comply with Section 610.

Reinforcement for use with concrete linings shall comply with Section 611 and 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.

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.

If required, secondary coatings shall be applied in accordance with the manufacturer’s recommendations.  Culverts with secondary coatings shall be handled, stored and assembled in accordance with Clause 632.08.

632.10
FOUNDATIONS, APRONS, HEADWALLS, WINGWALLS AND CUT-OFF WALLS

Headwalls, wingwalls, foundations for arches, aprons, beaching, and cut-off walls shall be constructed in accordance with the drawings.

632.11
BEDDING, FILL MATERIALS AND FILLING

Fill material shall be Class A to Section 204, 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.

632.12
CONSTRUCTION TRAFFIC

If construction vehicles or plant are required to cross the culvert at any time before completion of the road construction, the Contractor shall construct a temporary riding surface over the culvert.
Construction vehicles or plant with axle load-effects (including the load due to the actual depth of construction or temporary riding surface) that exceed the design load-effect shall not be permitted to pass over the culvert at any time.  The Contractor shall submit proposals (including supporting calculations) to the Superintendent for the movement of permitted vehicles for review not later than two weeks prior to the proposed movement.  Supporting calculations shall be proof-checked in accordance with the requirements for proof-checking stated in Clause 632.06.

The temporary riding surface shall have a smooth profile with a surface free from ruts and bumps. The depth of the temporary riding surface shall be determined by the Contractor but shall be not less than 1000 mm.

If vibrating rollers are required to work on or move over the temporary riding surface, the axle load for the purposes of this clause shall be the combined static and dynamic load of the roller.

The Contractor shall maintain the temporary riding surface for the period during which construction traffic is required to pass over the culvert and shall remove it prior to construction of the final embankment and pavement.  The temporary materials may be left in place at the discretion of the Superintendent subject to the suitability of the material, its density and condition.

On completion of the concrete invert lining in accordance with Clause 632.09, construction vehicles or plant shall not pass over the culvert until at least:

•
28 days has elapsed following casting of the concrete invert lining; or alternatively

•
seven days has elapsed following casting, provided that the cylinder strength of the concrete has achieved 20 MPa.
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