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RETAINING WALLS - INDIA
Copyright & Licence

© Quasar Management Services Pty Ltd. All rights are reserved. Permission is given for Architects, Engineers and Builders to use this material in the preparation of single application designs, specification and contracts only. Use of this material for any other commercial purpose is prohibited without the written permission of the publisher. Please Contact us for extended licence.

Use of the Specification and Drawings

This sample specification and the associated drawings are prepared in electronic format, with the express intention that designers will edit them to suit the particular requirements of specific construction projects. The design, construction and costing of structures must be carried out by qualified and experienced architects, engineers and builders. The authors, publishers and distributors of this specification and the associated drawings do not accept any responsibility for incorrect, inappropriate or incomplete use of this information. 
This sample specification and the associated drawings are prepared in the context of the national Building Regulations. Architects, engineers and builders should make themselves aware of any recent changes to these documents, to any Standards referred to therein or to local variations or requirements.  The authors, publishers and distributors of this specification and the associated drawings do not accept any responsibility for failure to do so.

This sample specification and the associated drawings include product information provided by particular suppliers. Architects, engineers and builders should satisfy themselves that information on specific products is correct, by contacting the particular suppliers. The authors, publishers and distributors of this specification and the associated drawings do not accept any responsibility for incorrect information provided by product suppliers. 
Basis of the Specification and Drawings

In the preparation of these specifications and drawings, the following convention has been adopted.

· All building design and construction must comply with the relevant Building Regulations and any relevant Standards referred to therein. 

· If the construction is not covered by the Building Regulations, then it shall comply with any appropriate Standard.

· If the construction is not covered by either Building Regulations or Standards, construction should comply with a balanced combination of current practice, engineering principles and supplier’s information.
Using this Specification

To prepare a working specification for a particular contract, delete this front page and edit the following pages in accordance with the convention below. “Copy and paste” this draft specification into the Project Specification for the particular project, and edit accordingly.

The most common generic specifications are show towards the beginning of this document, with more specialised specifications towards the end. Use the “cut and paste” and/or “delete” options to move or remove particular blocks of text. 
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	General Sustainability Requirements

When a product or system is claimed to be “Sustainable”, the Supplier shall make available a Sustainability Statement that clearly indicates how its use will lead to one or more of the following:

· Reduction green-house gas generation, which causes global warming; or

· Reduction in the use of non-renewable resources upon which our society depends; or

· Reduction in land, water or air pollution or degradation, which alienate the use of these resources.


SPECIFICATION – RETAINING WALLS – EARTHWORKS AND DRAINAGE

Scope

This section covers general considerations, earthworks and drainage for construction of earth retaining walls. It should be read in conjunction with the detailed specification for the particular type of retaining wall superstructure.

Building Regulations and Standards

All materials and construction shall comply with the most recent version of:

· the relevant parts of the Building Regulations;  

· the Standards referred to therein; 

· other Standards nominated in this specification; and
· other relevant Regulations.

Relevant Standards
IS 383 : 1970 Specification for coarse and fine aggregates from natural sources for concrete 
IS 2386 : Part I : 1963  Methods of Test for Aggregates for Concrete

IS 7779 : 1975  Schedule for properties and availability of stones for construction purposes

IS 13162 : 1991  Geotextiles - Methods of Test

IS 14293 : 1995  Geotextiles - Method of test for trapezoid tearing strength 

IS 14294 : 1995  Geotextiles - Method for determination of apparent opening size by dry sieving technique 

IS 14324 : 1995 Geotextiles - Methods of test for determination of water permeability-permittivity 

IS 14458: 1998  Guidelines for retaining wall for hill area:

IS 14706 : 1999  Geotextiles - Sampling and Preparation of Test Specimens 

IS 14714 : 1999  Geotextiles - Determination of Abrasion Resistance 

IS 14715 : 2000 Woven Jute Geotextiles - Specification 

IS 14716 : 1999 Geotextiles - Determination of Mass Per Unit Area 

IS 14739 : 1999  Geotextiles - Method for Determination of Creep 

IS 14986 : 2001 Guidelines for Application of Jute Geotextile for Rain Water Erosion Control in Road and Railway Embankments and Hill Slopes 

IS 15060 : 2001 Geotextiles - Tensile Test for Joint/Seams by Wide-Width Method

IS 15328 : 2003 Unplasticized Non-Pressure Polyvinyl Chloride ( PVC -U ) Pipes for use in Underground Drainage and Sewerage Systems - Specification
Commencement

Work shall commence as soon as practical after, but not before,

(a) The Builder has issued:

· a written order

· the relevant contract drawings, specifications and schedule of work

· written approval of any details provided by the Contractor

 (b) All adjacent earthworks are complete, profiles and benchmarks are established.

Definitions

The following definitions are used in this specification.

· Dry Density - The calculated density of soil, if there were no water in the voids.

· Moisture Content - The mass of the water in the voids divided by the mass of the dry soil, expressed as a percentage.

· Saturation Line (0 % Voids) - The line representing the dry density at various moisture contents, if no air is present.

· Optimum Moisture Content (OMC) - The moisture content at which the soil can achieve its maximum dry density during the test.

· Standard Compaction - The dry density a soil would adopt if compacted in three layers in a steel mould of volume 94,440 mm3 (102 mm diameter x 117 mm high cylinder) at various moisture contents by 25 blows of a 2.5 kg hammer dropped 305 mm.
· Modified Compaction - The dry density a soil would adopt if compacted in three layers in a steel mould  of volume 94,440 mm3 (102 mm diameter x 117 mm high cylinder) at various moisture contents by 25 blows of a 4.5 kg hammer dropped 457 mm.
· Cohesionless soil – Poorly graded sand and gravel mixtures, with less than 5% finer than 75 microns, and without a well-defined moisture-density relationship.

· Cohesive soil – Soils with a well defined moisture-density relationship, including silts, clays and the like.
Safety and Protection of Existing Structures

All excavations shall be carried out in a safe manner in accordance with the relevant regulations, to prevent collapse that may endanger life or property. Before major excavation and shoring is undertaken, a survey of cracks in adjacent building shall be undertaken and recorded.
In the absence of regulations to the contrary, the following may be applied where

· Excavation is performed and remains open only in dry weather,

· There is no significant ground water seepage,

· The excavation remains open for no longer than two weeks,

· The back slope of the natural ground does not exceed 1 vertical in 6 horizontal,  

· Bedding planes do not slope towards the cut, and 

· There are no structures founded within a zone of influence defined by a line from the toe of the cut at 30 degrees for cohesionless material and 45 degrees for other material.

	Natural material
	Maximum height of cut,       m
	Maximum permissible unpropped batter,     Vert : Horiz

	Stable rock, sandstone, firm shale etc where bedding planes do not slope towards the excavation
	0 to   3.2 m
	1 : 0.4

	
	Over 3.2 m
	Seek advice of Engineer

	Materials with both significant cohesion and friction in its undisturbed natural compacted state
	0 to   2.6 m
	1 : 0.8

	
	Over 2.6 m
	Seek advice of Engineer

	Cohesive soils,

e.g. clay, silts
	0 to   2.0 m
	1 : 1.2

	
	Over 2.0 m
	Seek advice of Engineer

	Cohesionless soils, e.g. Loose gravel, sand
	0 to   1.4 m
	1 : 1.6

	
	Over 1.4 m
	Seek advice  Engineer


In all other cases, the advice of the Engineer shall be sought.

Adjacent structures must be founded either beyond or below the zone of influence. Where there is risk of global slip around a slip plane encompassing the proposed retaining wall or other structures, or where there is risk of inundation by ground water or surface water, retaining wall construction shall not proceed until remedial action has been carried out.

Temporary Shoring of Excavations

All temporary shoring shall comply with drawings and specifications produced by a suitably qualified and experienced Civil Engineer based on geotechnical advice. Consideration shall be given to the settlement effects from the removal of ground water by de-watering the site. 

Foundation and Bearing Pad

A qualified and experienced Geotechnical or Civil Engineer shall determine the capacity of the foundation material to resist global slip and to simultaneously support the horizontal and vertical loads, noted in the design schedule annexed to this specification. This shall be assessed when the excavation has revealed the nature and extent of the foundation material. 

Unless varied by the Geotechnical or Civil Engineer, the foundation material shall have the properties set out in the design schedule annexed to this specification.

If the existing foundation material does not have these properties or has insufficient friction angle and cohesion to provide the requisite sliding and bearing capacity, it shall be removed and be replaced with an enlarged bearing pad with the following properties.

Lean-mix concrete

Mass concrete with a compressive strength f’c of not less than 15 MPa; or

Cement-Stabilized Crushed Rock

Crushed rock conforming with the specification below with an additional 5% by mass of GP Portland cement thoroughly mixed, moistened and compacted; or

Compacted Crushed Rock

· Compacted density such that a conservative estimate of the mean is at least 2000 kg/m3
· Effective internal friction angle such that a conservative estimate of the mean is at least 35o 

· Effective cohesion such that a conservative estimate of the mean is at least 3 kPa.

A well-graded low plasticity crushed rock complying with the following specification is deemed satisfactory for this application.

Nominal Size
20 mm

AS Sieve
% Passing

26.5 mm

100

19.0 mm

95 -100

13.2 mm

78 - 92

9.5 mm

68 - 83

4.75 mm

44 - 64

2.36 mm

29 - 47

425 m

12 - 20

75 m 

  2 – 6

Liquid Limit not exceeding 20.

Plasticity Index not exceeding 6.

Compaction shall be by mechanical plate vibrator to a minimum of 100% Standard Compaction. Where there are significant variations of foundation material or compaction, soft spots, or where there is ponding of ground water, the material shall be removed, replaced and compacted in layers not exceeding 150 mm at a moisture content within 2% of Optimum Moisture Content (OMC) to achieve 100% Standard Compaction.

Trenches and footing excavations shall be dewatered and cleaned prior to placement of drainage material or footings such that no softened or loosened material remains. Place and compact the material in layers not exceeding 150 mm, to make up the levels. The levels beneath the wall shall not be made up with bedding sand or other poorly graded granular material that may permit ground water to permeate under the base of the retaining wall, except where drainage material is specified and an adequate drainage system is designed.

Retained Soil

The retained material shall have the properties set out in the annexure to this specification. If the existing retained material, within an envelope at 45o (1 : 1 batter) from a point 300 mm behind proposed heel of the structure, does not have these properties or has insufficient friction angle and cohesion to remain stable at the design batter, it shall be removed and replaced with a material that is stable. Material with the following properties is deemed to be satisfactory:

· Compacted density such that a conservative estimate of the mean is at least 1900 kg/m3
· Effective internal friction angle such that a conservative estimate of the mean is at least 32o 

· Effective cohesion such that a conservative estimate of the mean is at least 3 kPa.

These properties may be achieved by modification of suitable site materials (as advised by a suitably qualified Geotechnical Engineer) provided the properties are not injurious to any of the other materials in the structure.

Drainage System 

The drainage system shall consist of:

· A permeable wall facing system. 

· A permeable drainage layer not less than 300 mm wide adjacent to the stem of the wall. 

· A 100 mm slotted PVC agricultural pipe, or equivalent system, draining to the storm water system 

· For applications with high water table, 200 mm wide geocomposite strips at 2.0 m centres at the existing 1 : 1 batter, connected to the agricultural pipe drainage system.

Constructing Drainage Fill

Drainage fill shall be:

· Placed and compacted, by mechanical plate vibrator, to a minimum of 95% Standard Compaction

· Above and beside the drainage pipe with a minimum cover of 150 mm

· Behind the wall to a minimum width of 300 mm to within 300 mm of the top 

· Protected by a geotextile envelope that completely isolates the drainage fill from the retained fill

· Adequately drained away from the retaining structures by the drainage system. 

Constructing the Drainage System

The drainage pipe shall be positioned in the drainage fill at a minimum uniform grade of 1 in 100 over a length not exceeding 15 metres. It shall be connected to the storm-water system at the lower end of each run and shall drain positively away from base of the retaining wall. The drainage pipe shall be brought to the surface at the upper end of each run to facilitate future flushing, capped and its positioned marked.

	Sub-surface Drainage

	Sub-surface drainage shall comply with the Drawings, Building Regulations and relevant Standard. Unless stated otherwise, sub-surface drainage shall consist of one of the following:

· Slotted PVC agricultural pipe, of diameter nominated on the drawings and not less than 100 mm; or 

· Polypropylene drainage cell, of diameter nominated on the drawings and not less than 30 mm.

Depending on the volume of groundwater expected, assessed by the Engineer at the time of construction, a geotextile sock may be required. If required, geotextiles shall comply with the specification “Geotextiles for Filters and Drains”.

More details…click here

	Sustainability Specification

Sub-surface Drainage shall:

· effectively reduce soil erosion; and/or 

· effectively trap and treat contaminants rather than allowing them to run off or be dumped.


	Drainage Void

	Drainage void systems for permanent voids between the concrete slabs or pavements and the soil profile shall comply with the Drawings, Building Regulations and relevant Standard. Unless stated otherwise, drainage void shall consist of rigid plastic drainage cell in conjunction with a geotextile, such that:

· It does not clog

· Provides a continuous minimum void of 25mm

· Will not collapse or distort under design loads nominated by the designer, and not less than the values shown below.

· Geotextile shall comply with the specification “Geotextiles for Filters and Drains”.

	Strength Requirements for Drainage Void



	Application
	Minimum design pressure Note 1

kPa
	Minimum compressive strength

kPa

	Under a concrete slab or other similar rigid covering, subject to pedestrian loading only
	125
	400

	Under a pavement subject to light vehicular traffic (up to 3 tonne vehicle)
	250
	750

	Under a pavement subject to vehicular traffic up to the legal limit
	500
	1,500

	Notes

· Uniform pressure is to be applied over an area not less than 200 mm x 200 mm.

More details…click here

	Sustainability Specification

Drainage Void shall:

· effectively reduce soil erosion; and/or 

· effectively trap and treat contaminants rather than allowing them to run off or be dumped.


	Geocomposites

	Geocomposites shall comply with the Drawings, Building Regulations and relevant Standards. Unless stated otherwise, geocomposites shall exhibit:

· Sufficient permeability to maximise the amount of water passing through the outer surface

· Sufficient void size, under load, to convey the required water flow to the stormwater system.

· Pore size small enough to block fine material from entering the drainage system, without compromising the permeability requirements

· Strength, toughness and abrasion resistance to resist damage during construction and service

Geocomposites shall comply with the specification “Geotextiles for Filters and Drains”.

More details…click here

	Sustainability Specification

Geocomposites shall:

· effectively reduce soil erosion; and/or 

· effectively trap and treat contaminants rather than allowing them to run off or be dumped.


Notes:

Permeability, Permittivity and Flow

The permeability test measures the water flow through a sample of the subject geotextile under constant head

· Thickness of the sample
 
t

· Head during test


h = 100 mm

· Flow rate under 100 mm of head
Q100

· Permittivity  


ψ = Q100 / h

· Permeability


k = ψ t

Flow may be unidirectional (only perpendicular to the geotextile) or may be multidirectional. This specification deals only with unidirectional flow and does not deal with problem soils. Several authors (Calhoun, Ogink, McKeand, Giroud, Schober and Teinol) provide recommendations for specifying the permeability, k, of a filter, ranging from 0.1 to 10 times the permeability of the soil. This will depend in part, on whether the soil is particularly coarse or particularly fine. In this specification, a value permeability, k, of the geotextile not less than 1 times the permeability of the soil has been adopted. In the case of important structures, or those where the permeability of the geotextile is critical, more precise methods and different specifications should be employed. This specification is not suitable for fine clay, and may not match the flow of water through coarse sands and gravels. The designer must consider variations to this specification in these circumstances.

Opening Size

Several authors provide recommendations for determining the maximum opening size of a filter. To prevent piping (drawing of fine soil particles into the filter), Calhoun recommends that the O95 of the geotextile filter should be not more than the D15 of coarse soils and not more than 200 μm of cohesive soils.  The general limits adopted in this specification are as follows:

· For cohesive soil         (D20 soil ≤ 75 μm), O95 geotextile should be between 150 μm and 250 μm.

· For non-cohesive soil (D20 soil > 75 μm), O95 geotextile should be between   80 μm and 250 μm.

To minimize clogging of a geotextile filter, the O95 opening size should be not less than 3 times the D15 of the soil. 

An alternative specification to minimize clogging is to require the Austroads G Rating (if available) to be less than 3.

Design software available www.electronicblueprint.com.au/software.html 

	Geotextiles for Filters and Drains

	Geotextiles for filters and drains shall comply with the Drawings, Building Regulations and relevant Standards. Unless stated otherwise, geotextiles for filters and drains shall exhibit:

· Sufficient permeability to maximise the amount of water passing through the outer surface

· Sufficient void size, under load, to convey the required water flow to the stormwater system.

· Pore size small enough to block fine material from entering the drainage system, without compromising the permeability requirements

· Strength, toughness and abrasion resistance to resist damage during construction and service

Geocomposites shall comply with the specification “Geotextiles for Filters and Drains”.

	Function
	Filter and drainage

	Typical location
	Drain soil behind retaining walls and structures

	Protection to geotextile
	The geotextile shall be protected against tear or puncture. Note  2

	Soil Type Note 1
	Cohesive and other fine grained soils such as silts and some clays 

Note  3
	Cohesionless soils such as some sands 

Note  3

	Where required by the Engineer...Minimum Wide Strip Tensile Strength shall be as high as practical, but not less than …..   Note  2
	7.5 kN/m
	7.5 kN/m

	Minimum Trapezoidal Tear Strength shall be as high as practical, but not less than .. .. Note  2
	210 N
	210 N

	Where required by the Engineer...Minimum CBR Burst Strength shall be as high as practical, but not less than ……..   Note 2
	1,500 N
	1,500 N

	Pore Size O95 by dry sieving, shall be in the range ……..
	150 m to 250 m
	80 m to 250 m

	Permittivity, shall be as high as practical, but not less than …… 
	2.0 sec -1
	0.7 sec -1

	Flow Rate under 100 mm Head shall be as high as practical, but not less than ……
	100  l/m2/sec
	70  l/m2/sec

	Coefficient of Permeability shall be as high as practical, but not less than …….   Note  3
	0.00001 m/sec

(1 x 10-5 m/sec)
	0.003 m/sec

(3 x 10-4 m/sec)

	Notes

1. This specification does not apply to “problem soils”, defined as exhibiting one or more of the following:

· Silty soils with hydraulic gradients greater than 3

· Widely graded or gap graded particle size distribution

· Dispersive clays and silts

· Uniform silts and sands with a coefficient of uniformity under 3

2. The geotextile shall be protected against tear or puncture by either :

· Avoiding fill with sharp angular aggregate, heavy compaction (over 95% standard) and fill depths over 3.0 m, or

· Providing a protective layer of drainage aggregate not less than 50 mm thick

If these criteria are not met, the specified strength properties must be at least doubled.

3. In this specification, permeability, k, of the geotextile not less than 1 times the permeability of the soil has been adopted. 

In the case of important structures, or those where the permeability of the geotextile is critical, more precise methods and different specifications should be employed. This specification is not suitable for fine clay, and may not match the flow of water through coarse sands and gravels. The designer must consider variations to this specification in these circumstances.

More details…click here

	Sustainability Specification

Geotextiles for Filters and Drains shall:

· effectively reduce soil erosion; and/or 

· effectively trap and treat contaminants rather than allowing them to run off or be dumped.


	Protection Boards

	When protection boards are required to prevent damage to waterproof membranes and/or drainage cells from backfilling, they shall be manufactured in a material that is inert and non-reactive to water, soils and chemicals.

More details…click here

	Sustainability Specification

Protection Boards shall:

· Effectively contribute to the reduction of soil erosion; and/or 

· Effectively contribute to the trapping and treatment of  contaminants rather than allowing them to run off or be dumped.


	Drainage Fill

	Drainage fill material shall comply with the Drawings, Building Regulations and relevant Standards. Unless stated otherwise, drainage fill material shall be GP (poorly graded gravel) single sized gravel of nominal size 10 mm to 20 mm complying with the following specification.
Sieve

Percent Passing

26.5 mm

100

19.0 mm

70 - 100

13.2 mm

  0 - 100

9.52 mm

  0 – 0

More details…click here


Waterproofing


Positive Side Surface Sealing of Masonry Retaining Walls

(Refer to specification for Painting & Coatings)

Negative Side Surface Sealing of Masonry Retaining Walls

(Refer to specification for Painting & Coatings)

SPECIFICATION - REINFORCED SOIL STRUCTURES AND SEGMENTAL GRAVITY RETAINING WALLS

Scope

This section covers the construction of reinforced soil structures (compacted soil incorporating geogrids, or similar, and a facing) and segmental gravity retaining walls (consisting of a segmental facing, with or without encapsulated aggregate, soil or no-fines concrete to provide additional mass). It excludes cantilever gravity walls, cantilever post and whaler retaining walls and sheet-pile retaining walls.

Building Regulations and Standards

All materials and construction shall comply with the most recent version of:

· the relevant parts of the Building Regulations;  

· the Standards referred to therein; 

· other Standards nominated in this specification; and
· other relevant Regulations.

Relevant Standards
IS 383 : 1970 Specification for coarse and fine aggregates from natural sources for concrete Active 

IS 456 : 2000 Plain and Reinforced Concrete - Code of Practice

IS 1597 : 1992  Construction of Stone Masonry

IS 1905 : 1987  Code of Practice for Structural use of Unreinforced Masonry

IS 2386 : Part I : 1963  Methods of Test for Aggregates for Concrete

IS 2572 : 2005 Construction of Hollow and Solid Concrete Block Masonry

IS 7779 : 1975  Schedule for properties and availability of stones for construction purposes

IS 14458: 1998  Guidelines for retaining wall for hill area:

Commencement

Work shall commence as soon as practical after, but not before,

(a) The Builder has issued:

· a written order

· the relevant contract drawings, specifications and schedule of work

· written approval of any details provided by the Contractor

 (b) All adjacent earthworks are complete, profiles and benchmarks are established.

Earthworks and Drainage

The earthworks and drainage for all retaining walls shall comply with Specification:

“RETAINING WALLS – EARTHWORKS AND DRAINAGE”

Constructing Geogrid Reinforced Soil Block

Geogrids shall:

· Be of the type and index strength nominated in the design schedule, 

· Cover the whole of the plan area behind the wall for the specified anchorage length,

· Be a single length (i.e. not lapped) in the direction of design tension,

· Be lapped with adjacent geogrids in accordance with the manufacturer’s instructions, but not less than 300 mm

· Be connected to the facing in accordance with the manufacturer’s instructions, across the whole width of the facing.

· Be installed under tension applied by a system of stakes that shall remain in place until the geogrids are covered by at least 150 mm of infill material.

Infill material shall be:

· Placed, spread and compacted in a manner that eliminates wrinkles in the geogrid or movement of the facing units,

· Placed and compacted in layers equal to the height of the facing units, but not exceeding 200 mm in thickness, at a moisture content within 2% of Optimum Moisture Content (OMC) to achieve 95% Standard Compaction.

Infill material within 1.0 metre of the rear face of the retaining wall facing units shall be placed and compacted by at least three passes of a lightweight mechanical plate, tamper or roller at a moisture content within 2% of Optimum Moisture Content (OMC) to achieve 90% Standard Compaction.

Tracked construction equipment shall not be operated directly on the geogrids or on infill material cover less than 150 mm. In order to avoid disruption of the geogrids, tracked construction equipment shall not be turned on the infill material. Rubber tyred equipment may be used on the geogrids provided it is operated in accordance with the geogrid manufacturer’s instructions, without sudden braking and turning and at speed less than 6 kilometres per hour. 

Constructing Segmental Gravity Retaining Walls 

Segmental concrete facing blocks shall be installed on the levelling pad or footing such that the resulting wall has a backward slope as specified on the drawings, but not less than 1 in 40. 

The units of successive courses shall be stacked in stretcher bond. In high walls that are curved in plan, it may be necessary to compensate for joint creep in the upper courses (the longitudinal translation of joints along the wall where the radius of curvature increases or decreases). 

Constructing No-fines Concrete

During placement of no–fines concrete, the water/cement ratio shall be maintained in the range 0.35 to 0.5 (0.4 preferred). No-fines concrete shall be placed into position by bucket or similar and rodded to ensure that is fills all voids. Care shall be taken to ensure that the facing is not dislodged by the pressure of the no-fines concrete.

Constructing Bulk Fill Material

Bulk filling material shall be placed and in layers not exceeding 200 mm at a moisture content within 2% of Optimum Moisture Content (OMC) to achieve 85% Standard Compaction.

At the end of each day’s construction, the infill material shall be sloped such that any rainwater is directed away from the face of the retaining wall and to a temporary (or permanent) drainage system.

Constructing Surface Sealing Material and Catch Drain

Where required by an engineer...The whole of the disturbed fill surface shall be sealed and drained by compacting a layer of surface sealing material at least 300 mm thick and in accordance with the relevant Standards. 

The drainage shall shed water away from the back fill and away from the toe of the retaining wall. This may be achieved by constructing a 100 mm deep catch drain to drain to the site drainage system at a minimum slope of 1 in 100.

Constructing Capping

The top facing unit or capping unit shall be bonded to the facing units below using an adhesive.

Tolerances

Unless specified otherwise for reasons of aesthetics or by the client or architect, all construction shall be within the following tolerances:

Element


Vertical

Horizontal 
Vertical


Horizontal





Position

Position

Alignment

Alignment

Soil surface

 100 mm
-

-


-


Facings & wall structures
 50 mm
 50 mm
 20 mm in 3.0 m

 20 mm in 3.0 m

Footings & supports
 50 mm
 50 mm
 20 mm in 3.0 m

 20 mm in 3.0 m

	Concrete Retaining Wall Blocks

	Concrete retaining wall blocks shall comply with the Drawings, Building Regulations and relevant Standard (IS 14458). Unless stated otherwise, properties shall be not less than:  

· Dimensional category DW4
· Salt attack resistance grade of

· General Purpose where salt attack is unlikely

· Exposure Grade where the retaining wall is in aggressive soils, in areas subject to salt damp or in marine environments

· Minimum characteristic compressive strength shall be 10 MPa for dry-stacked concrete blocks

· Colour and texture shall be within an agreed range

· Concrete blocks shall have efflorescence potential of nil or slight

More details…click here

	Definitions

· Dimensional Category DW4 - For a sample of 20 units, the standard deviation of work sizes shall be not more than 2 mm, and the difference between the mean and the work size shall be not more than 3 mm. For tightly interlocking retaining wall units, tighter tolerances are applicable, such that when 5 units are stacked on top of each other on a flat surface, the slope of the top surface shall be not greater than 1 in 50. For split faces, the dimensional deviations shall not apply to the width of the unit, provided the average width is not less than 90% of the work size.

· General Purpose Salt Attack Resistance Grade - Performance such that it is possible to demonstrate that the product has a history of surviving under non-saline environmental conditions similar to those existing at the site considered, but not expected to meet the mass loss criterion for Exposure Grade Salt Attack Resistance Grade.
· Exposure Grade Salt Attack Resistance Grade - Performance such that it is possible to demonstrate that the product has a history of surviving under saline environmental conditions similar to those existing at the site considered; and less than 0.2 grams mass loss in 40 cycles in AS/NZS 4456.10, Method B test.


	Concrete Crib Blocks

	Concrete retaining wall blocks shall comply with the Drawings, Building Regulations and relevant Standard (IS 14458, IS 2572, IS 456). Unless stated otherwise, properties shall be not less than:  

· Dimensional category DW4
· Salt attack resistance grade of Exposure Grade 

· Minimum characteristic compressive strength shall be 25 MPa
Concrete crib blocks usually incorporate reinforcement, which must be protected from corrosion. This can be done by ensuring that the concrete has sufficient strength (and cement content) and there is sufficient concrete cover around the reinforcement.

	Definitions 
· Dimensional Category DW4 - For a sample of 5 units, the standard deviation of work sizes shall be not more than 2 mm, and the difference between the mean and the work size shall be not more than 3 mm. For tightly interlocking retaining wall units, tighter tolerances are applicable, such that when 5 units are stacked on top of each other on a flat surface, the slope of the top surface shall be not greater than 1 in 50. For split faces, the dimensional deviations shall not apply to the width of the unit, provided the average width is not less than 90% of the work size.

· Exposure Grade Salt Attack Resistance Grade - Performance such that it is possible to demonstrate that the product has a history of surviving under saline environmental conditions similar to those existing at the site considered; and less than 0.2 grams mass loss in 40 cycles in AS/NZS 4456.10, Method B test.


	Concrete Revetment Blocks

	Concrete revetment blocks shall comply with the Drawings, Building Regulations and relevant Standard (IS 2572). Unless stated otherwise, Concrete revetment blocks shall be:  

· Dimensional category DW4

· Salt attack resistance grade of Exposure Grade 

· Minimum characteristic compressive strength shall be 20 MPa 

More details…click here

	Definitions 
· Dimensional Category DW4 - For a sample of 5 units, the standard deviation of work sizes shall be not more than 2 mm, and the difference between the mean and the work size shall be not more than 3 mm. For tightly interlocking retaining wall units, tighter tolerances are applicable, such that when 5 units are stacked on top of each other on a flat surface, the slope of the top surface shall be not greater than 1 in 50. For split faces, the dimensional deviations shall not apply to the width of the unit, provided the average width is not less than 90% of the work size.

· Exposure Grade Salt Attack Resistance Grade - Performance such that it is possible to demonstrate that the product has a history of surviving under saline environmental conditions similar to those existing at the site considered; and less than 0.2 grams mass loss in 40 cycles in AS/NZS 4456.10, Method B test.


	Permeable Blocks For Segmented Gravity Retaining Walls

	Permeable concrete blocks for segmented gravity retaining walls shall comply with the Drawings, Building Regulations and relevant Standard (IS 2572). Unless stated otherwise, permeable concrete blocks shall:

· Consist of no-fines concrete with a crushed rock aggregate size of 12 to 20 mm

· Characteristic compressive strength greater than 10 MPa

· Density between 1600 and 1800 kg/m3, and may include a facing as required.

More details…click here


	No-fines Concrete Infill

	No-fines concrete infill placed behind retaining walls shall be free-draining, allowing water to pass readily through it to the drainage system. In its unhardened state, no-fines concrete shall have low slump and shall not exert a lateral pressure in excess 4 kPa per metre depth on the retaining wall facing restraining it. No-fines concrete used to provide enhanced stability to a retaining wall shall have a bulk density not less than 1800 kg./m3. No-fines concrete shall form a coherent mass, capable of adhering to the retaining wall facing.

No-fines concrete meeting the following specification is deemed satisfactory for this application.

· Aggregate to GP cement ratio shall be not greater than 6 : 1 (by volume).

· Aggregate shall be GP (poorly graded) nominal 20 mm crushed rock aggregate (with all particles in the range 12 mm to 20 mm).

· Compressive strength shall be not less than 10 MPa.

More details…click here


	Soil Infill

	Soil infill shall meet the following specification:
· Compacted density angle such that a conservative estimate of the mean is at least 2000  kg/m3
· Effective internal friction angle such that a conservative estimate of the mean is at least 35o 

· GW (well-graded gravel) or SW (well-graded sand) 

· These properties may not be achieved by the inclusion of cement or lime in site material.

· pH (for polyester geogrids) between 4 and 9

· Plasticity Index shall not exceed 12%.

· Liquid Limit shall not exceed 30%.

· Coefficient of uniformity = D60/D10 shall exceed 5, where D6o and D10 are the equivalent sizes in millimetres as interpolated from the particle size distribution curve through which 60% and 10% of the material passes respectively.

· Grading within the following range:

Sieve

Percent Passing

26.0 mm

100


19.0 mm

40 - 100

13.2 mm

30 - 100

9.5 mm

25 - 100

6.70 mm

22 - 100

4.76 mm

18 - 100

2.36 mm

15 -  85

1.18 mm

12 -  70

600 microns
10 -  55

300 microns
 6 -  40

150 microns
 3 -  26

 75 microns
 0 -  15

   2 microns
 0 

More details…click here


	Geogrids

	Geogrids shall comply with the Drawings, Building Regulations and relevant Standards. Geogrid type and index strength shall be as nominated in the Drawings.

More details…click here


	Adhesive

	Adhesive used to bond the capping units shall comply with the Drawings, Building Regulations and relevant Standard. Unless stated otherwise, adhesive shall be a flexible two-part epoxy-based adhesive.

More details…click here


	Surface Sealing Material

	The material used to seal the surface of the fill shall be compacted clay. 

Alternatively, a 0.2 mm thick PVC membrane or a needle-punched bentonite liner overlaid by at least 150 mm of bulk fill material may be used in lieu of the clay.

More details…click here


	Bulk Fill Material

	Bulk fill material shall be uniform and of maximum particle size of 100 mm.

More details…click here


Inspections

All new work shall remain open until it has been inspected and approved by the Engineer. The following inspections shall be performed:

	Item or Product 
	Inspection Required
	Accept Criteria
	Hold

Witness

	Drawings & Specifications
	Inspect controlled documents 
	Controlled copy of latest issue  on site
	Hold

	Foundation & retained soil
	
	
	

	    Density


	Density meter *
	As specified
	Hold

	    Friction angle


	Shear box *
	As specified
	Hold

	    Cohesion


	Shear box *
	As specified
	Hold

	Levelling pad
	
	
	

	   Width


	Spot check
	+ 10%,- 2%
	Hold

	   Depth


	Spot check
	+ 10%,- 2%

	Hold

	    Density 

   
	Density meter *
	As specified 
	Hold

	    Friction angle


	Shear box *
	As specified
	Hold

	    Cohesion


	Shear box *
	As specified
	Hold

	Masonry units
	
	
	

	   Type


	Spot check
	As specified
	Hold

	   Dimensions


	Spot check
	As specified
	Hold

	   Strength
	Spot check dockets
	As specified
	Hold

	Geogrids
	
	
	

	   Type
	Spot check markings
	As specified
	Hold

	   Strength grade
	Spot check markings
	As specified
	Hold

	   Spacing


	Spot check
	As specified 
	Witness

	   Laps


	Spot check
	+,- 5%
	Witness

	Drainage system


	Visual
	As specified
	Hold

	Granular fill


	Visual
	As specified
	Witness

	Geotextile


	Visual
	As specified
	Hold

	Fill


	Visual
	As specified
	Witness

	Sealing and surface drains


	Visual
	Located to drawing
	Witness


* The Engineer may relax this requirement if other satisfactory controls are in place.

	


SPECIFICATION - REINFORCED MASONRY RETAINING WALLS

Scope

This section covers the construction of reinforced masonry retaining walls. It excludes reinforced soil structures, segmental gravity walls, cantilever post and whaler retaining walls and sheet-pile retaining walls.

Building Regulations and Standards
All materials and construction shall comply with the most recent version of:

· the relevant parts of the Building Regulations;  

· the Standards referred to therein; 

· other Standards nominated in this specification; and

· other relevant Regulations.

Relevant Standards
IS 383 : 1970 Specification for coarse and fine aggregates from natural sources for concrete Active 

IS 432 : 1982  Specification for mild steel and medium tensile steel bars and hard-drawn steel wire for concrete reinforcement:

IS 456 : 2000 Plain and Reinforced Concrete - Code of Practice

IS 1597 : 1992  Construction of Stone Masonry

IS 1905 : 1987  Code of Practice for Structural use of Unreinforced Masonry

IS 2386 : Part I : 1963  Methods of Test for Aggregates for Concrete

IS 2572 : 2005 Construction of Hollow and Solid Concrete Block Masonry

IS 7779 : 1975  Schedule for properties and availability of stones for construction purposes

IS 14458: 1998  Guidelines for retaining wall for hill area:

IS 14687 : 1999  Falsework for Concrete Structures - Guidelines

IS 269 : 1989  Specification for 33 grade ordinary portland cement 

IS 455 : 1989  Specification for Portland slag cement 

IS 1489 : Part 1 : 1991  Specification for Portland pozzolana cement Part 1 Flyash based 

IS 1489 : Part 2 : 1991  Specification for Portland-pozzolana cement Part 2 calcined clay based 

IS 8041 : 1990  Specification for rapid hardening Portland cement 

IS 8042 : 1989 White Portland Cement - Specification 

IS 8043 : 1991  Specification for hydrophobic Portland cement 

IS 8112 : 1989  Specification for 43 grade ordinary Portland cement 

IS 12089 : 1987  Specification for granulated slag for manufacture of Portland slag cement 

IS 12269 : 1987  Specification for 53 grade ordinary Portland cement 

IS 12330 : 1988  Specification for sulphate resisting Portland cement 

IS 12600 : 1989  Specification for low heat Portland cement

IS 712 : 1984  Specification for building limes

Commencement

Work shall commence as soon as practical after, but not before,

(a) The Builder has issued:

· a written order

· the relevant contract drawings, specifications and schedule of work

· written approval of any details provided by the Contractor

 (b) All adjacent earthworks are complete, profiles and benchmarks are established.

Earthworks and Drainage

The earthworks and drainage for all retaining walls shall comply with Specification:

“RETAINING WALLS – EARTHWORKS AND DRAINAGE”

Positioning Reinforcement

Starter bars shall be tied into position to provide the specified lap above the top surface of the footing. The starter bars shall be held in position by a timber hob form and controlled within a tolerance of +,- 5 mm through the wall and +,- 50 mm along the wall.

Bar chairs shall be placed at one metre centres both ways to give the following clear cover. Chair bases shall be used to prevent sinking of the chairs. Unless specified otherwise on the drawings, structural laps and cover shall be as follows.

Required Cover

· 40 mm in concrete in contact with unprotected ground

· 40 mm in concrete exposed externally

· 30 mm to a sealed vapour barrier

· 20 mm to the internal surface

Reinforcement
Required Laps 

Bars 

500 mm

Fabric 

2 cross wires overlapping

Trench mesh
500 mm

Two N12 corner bars 1.0 metre long shall be placed at all re-entrant corners.

Placing Concrete

Trenches and footing excavations shall be dewatered and cleaned prior to concrete placement so that no softened or loosened material remains.

All concrete shall be compacted by mechanical immersion vibrator.

Unless noted otherwise on the drawings, reinforced concrete footings for retaining walls shall include a level concrete hob (or up-stand), through which vertical starter bars are placed and on which the masonry is built. Horizontal 50 mm diameter weep holes shall pass through the hob at 1.2 m maximum centres. The top of the footing immediately behind the hob shall be sloped at 1 in 100 to provide for the drainage pipe.

Finishing Concrete

Concrete surfaces shall be finished as noted below unless specified otherwise in the Drawings.

· Floor slabs - Steel float

· External paths, driveways and parking areas at less than 10% slope - Fine broomed steel float

· External paths, driveways and parking areas at greater than 10% slope - Coarse broomed steel float

· Vertical surfaces exposed in the completed building – All voids filled and rubbed back to provide a  smooth surface

· Vertical surfaces not exposed in the completed building - Off form finish.

Curing Concrete

All concrete shall be cured using a sprayed curing compound. 

Wax-based compounds shall not be used in areas requiring the subsequent application of curing adhesives.

Stripping Formwork

Unless adverse weather or the use of retarders delays the hardening of concrete, the minimum stripping time for formwork shall be 3 days. 

Drainage System 

The drainage system shall comply with the Drawings, Building Regulations and relevant Standard (AS 4678). Unless stated otherwise, the drainage system shall consist of:

· Horizontal 50 mm diameter weep holes passing through a hob (or the reinforced masonry stem if appropriate)  at 1.2 m maximum centres. 

· A permeable drainage layer not less than 300 mm wide adjacent to the stem of the wall. 

· A 100 mm slotted PVC agricultural pipe 
· For applications with high water table, 200 mm wide geocomposite strips at 2.0 m centres at the existing 1 : 1 batter, connected to the agricultural pipe drainage system.

Constructing Drainage Fill

Drainage fill shall be:

· Placed and compacted, by mechanical plate vibrator, to a minimum of 95% Standard Compaction

· Above and beside the drainage pipe with a minimum cover of 150 mm

· Behind the wall to a minimum width of 300 mm to within 300 mm of the top 

· Protected by a geotextile envelope that completely isolates the drainage fill from the retained fill

· Adequately drained away from the retaining structures by the drainage system. 

Constructing the Drainage System

The drainage pipe shall be positioned in the drainage fill at a minimum uniform grade of 1 in 100 over a length not exceeding 15 metres. It shall be connected to the storm-water system at the lower end of each run and shall drain positively away from base of the retaining wall. The drainage pipe shall be brought to the surface at the upper end of each run to facilitate future flushing, capped and its positioned marked.

Mortar

For general applications (except as listed for M4), Type M3 mortar shall be used, and shall consist by volume of:

1 part GP or GB cement, 1 part lime, 6 parts sand (water thickener optional)

1 part GP or GB cement, 5 parts sand plus water thickener

1 part masonry cement, 4 parts sand  (See Note 1)

For the applications listed below, Type M4 mortar shall be used, and shall consist by volume of:

1 part GP or GB cement, 0.5 part lime, 4.5 parts sand (water thickener optional)

1 part GP or GB cement, 4 parts sand plus water thickener

1 part GP or GB cement, 0-0.25 parts lime, 3 parts sand (water thickener optional)

1 part masonry cement, 3 parts sand  (See Note 1)

· Elements in interior environments subject to saline wetting and drying

· Elements below a damp-proof course or in contact with ground in aggressive soils

· Elements in severe marine environments

· Elements in saline or contaminated water including tidal splash zones

· Elements within 1 km of an industry producing chemical pollutants.

Constructing the Reinforced Masonry Stem

The first course of a reinforced masonry wall shall consist of clean-out blocks (with only one face shell) to permit the subsequent removal of debris and mortar fins. The opening of the clean-out blocks shall face the soil embankment, except where there is insufficient access. 

The blocks shall be positioned to provide 55mm cover from the face of the bar to the rear face of the blockwork. (This will allow 35 mm for the face shells of upper courses and 20 mm of cover within the grout). 

Provide drainage through the stem of the wall by;

· Horizontal 50 mm diameter weep holes at 1,200 mm maximum centres through a hob, or 

· Horizontal 50 mm diameter weep holes at 1,200 mm maximum centres through the reinforced masonry stem.

Subsequent courses shall consist of H Block or Double U Block. Horizontal reinforcement placed centrally on the webs during the laying of the blockwork. 

If blocks with webs flush with the ends are to be used, horizontal reinforcement shall be suspended above the webs on 15 mm mortar pack on the centre web only.

Mortar joints shall be 10 mm thick and shall be face shell bedded and ironed (unless a flush joint is specified for aesthetic reasons). Control joints shall be built into the masonry at joints in the footing, at significant changes in wall profile or at centres not exceeding 16 metres.

If the retaining consists of two leaves of cavity construction, suitable cavity ties shall be built in at centres such that the wet grout pressure does not cause spreading of the cavity. Ties shall incorporate 100 cogs at each end that shall bear snugly against the rebate in the blocks and shall be securely fixed by embedment in mortar. The following combinations are deemed to meet this requirement:

Maximum grout height 
Tie


Maximum Spacing  (Vertical x Horizontal)

2.0 metres

R6 (Grade 250) 

400 mm x 400 mm

Where a retaining wall consists of a single leaf stem supported by a cavity stem, links shall be provided in the first joint below the junction of cavity stem and single leaf stem to prevent widening of the cavity. The following reinforcement is deemed to meet this requirement:

Maximum height

Shear reinforcement of single leaf stem


2.0 metres

SL62 Fab

Debris and mortar fins shall be removed by rodding and hosing out the cores.

Vertical steel reinforcement shall be positioned towards the rear of the cores to provide the cover noted above.

Vertical steel reinforcement shall be tied through clean-out openings with wire ties to the steel starter bars and fixed in position at the top of the wall by plastic clips before the placing of any grout.

When cleaning out and tying of steel are complete, the opening shall be blanked off with a timber form suitably propped to prevent movement. Alternatively blocks which incorporate purpose designed blanks may be used. 

Concrete grout shall be placed in the cores either by pumping or, for small projects, by bucket. Grout shall be compacted so that there are no voids, using either a high frequency pencil vibrator or by rodding. (The main vertical bars shall not be moved to compact the grout.)

On completion of the grouting, capping blocks shall be installed (if required) and any control joints finished.

Constructing Bulk Fill Material

Bulk fill material shall be uniform and of maximum particle size of 100 mm.  

Constructing Bulk Fill Material

Bulk filling material shall be placed and in layers not exceeding 200 mm at a moisture content within 2% of Optimum Moisture Content (OMC) to achieve 85% Standard Compaction.

At the end of each day’s construction, the infill material shall be sloped such that any rainwater is directed away from the face of the retaining wall and to a temporary (or permanent) drainage system.

Constructing Surface Sealing Material And Catch Drain

Where required by the Engineer... The whole of the disturbed fill surface shall be sealed and drained by compacting a layer of surface sealing material at least 300 mm thick and in accordance with the relevant Standard (or AS 4768). 

The drainage shall shed water away from the back fill and away from the toe of the retaining wall. This may be achieved by constructing a 100 mm deep catch drain to drain to the site drainage system at a minimum slope of 1 in 100.

Tolerances

Unless specified otherwise for reasons of aesthetics or by the client or architect, all construction shall be within the following tolerances:

Element



Vertical

Horizontal 
Vertical

Horizontal





Position

Position

Alignment
Alignment

Soil surface


 100 mm
-

-

-


Facings and wall structures
 50 mm
 50 mm
 20 mm in 3 m
 20 mm in 3 m

Footings and supports

 50 mm
 50 mm
 20 mm in 3 m
 20 mm in 3 m

	Concrete

	Concrete shall comply with the Drawings, Building Regulations and relevant Standard (IS 456). Unless stated otherwise, properties shall be not less than:  

· Characteristic compressive strength of  20 MPa (Strength grade N20) 

· Maximum aggregate size of 20 mm

· Of sufficient slump to facilitate the nominates means of  placement

· Subject to plant control testing.
More details…click here


	Reinforcement

	Reinforcement shall comply with the Drawings, Building Regulations and relevant Standard (IS 456, .. IS 432) Unless stated otherwise, properties shall be not less than:  

· Deformed bars - 500 MPa, normal ductility (N)

· Square fabric, rectangular fabric and trench mesh - 500 MPa, low (L) or normal (N) ductility ribbed wires 

· Fitments -500 MPa, low (L) or normal (N) ductility ribbed wires

· Round bar (eg R250 N10 for dowels) - 250 MPa round

More details…click here


	Bar Chairs

	Bar chairs shall comply with the Drawings, Building Regulations and relevant Standard. Unless stated otherwise, properties shall such that:

· Reinforcement is positioned in the top half of the concrete slab

· Reinforcement in footings has 40 mm in concrete in contact with unprotected ground and 30 mm to a sealed vapour barrier

More details…click here


	Formwork

	Formwork shall comply with the Drawings, Building Regulations and relevant Standard (IS 14687) 

 More details…click here


	Key Joint Form

	Key joint forms shall comply with the Drawings, Building Regulations and relevant Standards. Unless stated otherwise, key joint forms shall provide keys in 100, 150 or 200 mm slabs, and shall include all required wedges and pegs. 

 Where a control joint is to be constructed with a flexible sealant, a polyethylene foam strip shall be inserted. Otherwise a PVC capping strip shall be inserted. Unless stated otherwise, the colour shall be grey.

More details…click here


	Curing Compounds

	Curing compounds shall comply with the Drawings, Building Regulations and relevant Standards. Unless stated otherwise, curing compounds shall be hydrocarbon, solvent-based acrylic, water-based acrylic or wax-based acrylic. Wax-based compounds shall not be used in areas requiring the subsequent application of curing adhesives.

More details…click here


	Joint Material

	Joint material shall comply with the Drawings, Building Regulations and relevant Standard (IS 456) Unless stated otherwise:

· Backing rod for control joints, expansion joints and articulation joints shall be expanded polystyrene tube or bead or, rigid steel backing profile with closed cell foam adhered to the metal profile face.

· Joint sealant shall be gun grade multi-purpose polyurethane sealant.

More details…click here


	Expansion Joints for Continuous Pours

	Expansion joints for continuous pours shall comply with the Drawings, Building Regulations and relevant Standard (IS 456). Unless stated otherwise, expansion joints in continuous pour applications shall provide a full depth straight joint and a purpose built dowelling system to provide positive load transfer across the finished slab.

More details…click here


	Concrete Jointing Accessories

	Concrete jointing accessories shall comply with the Drawings, Building Regulations and relevant Standard (IS 432, IS 456). Unless stated otherwise, concrete jointing accessories shall have appropriate properties to ensure they fulfil their intended function and can be accurately installed. 

· Dowel Cradles shall provide accurate horizontal and vertical alignment of dowels.

· Crack Inducers shall provide an adequate crack to relieve contraction stresses.

· Rebate Moulds shall be constructed of a rigid PVC material and form a true square or rectangular rebate.

· Dowel Sleeves shall include provision for longitudinal expansion in the ends of all sleeves, stiffening ribs to minimise distortion, end clips to ensure correct alignment during pour and end closures to prevent entering of slurry.

· Expansion Caps shall fit a variety of dowel sizes and provide internal compression pins for longitudinal expansion.

· Permanent Flexible Plastic Capping shall be UV treated PVC material and provide a bevelled edge to the joint.

· Removable Capping shall be PVC material and provide a bevelled edge to the joint.

· Foam Filler compression strips shall be closed cell polyethylene foam.

· Key Joint Joiners shall provide accurate alignment of key joints in both horizontal and vertical directions without interrupting the capping line.

More details…click here


	Concrete Blocks for Reinforced Masonry Applications

	Concrete blocks for reinforced masonry applications shall comply with the Drawings, Building Regulations and relevant Standard (IS 2572). Unless stated otherwise, properties shall be not less than:

· Dimensional category DW4

· Salt attack resistance grade shall be:

· General Purpose except as listed below for Exposure Grade

· Exposure Grade where the masonry is:

· subject to saline wetting and drying; or

· in aggressive soils; or

· in a severe marine environment; or

· subject to saline or contaminated water, including tidal spash zones; or

· in especially aggressive environments. e.g. subject to attack by corrosive liquids or gasses, or within 1 km of industry in which chemical pollutants are produced.

· Minimum characteristic compressive strength shall be as nominated by the engineer and not less than 15 MPa.

The required strength depends on the the particular application. Refer to the manufacturer’s design literature for guidance.

· Dimensions and core configuration shall be such that:

· If units are intended to incorporate both horizontal and vertical reinforcement and are not protected both sides by a waterproof membrane, they shall be “H” or “Double U” configuration; 

· Units may be fully grouted and may be reinforced both vertically and horizontally; 

· Grout may flow easily around and enclose the reinforcement in all cores; and 

· Cover is consistent with the requirements for durability, strength and fire resistance as appropriate. 

· Mean Coefficient of Residual Drying Contraction shall be not more than 0.6 mm/m.

· If intended for face applications and exposed to the weather:

· Permeability shall be not more than 2 mm/minute

· Efflorescence Potential shall be Nil or Slight

· Colour and texture shall be within an agreed range.

More details…click here

	Definitions 

· Dimensional Category DW4 - For a sample of 20 units, the standard deviation of work sizes shall be not more than 2 mm, and the difference between the mean and the work size shall be not more than 3 mm. For split faces, the dimensional deviations shall not apply to the width of the unit, provided the average width is not less than 90% of the work size.

· General Purpose Salt Attack Resistance Grade - Performance such that it is possible to demonstrate that the product has a history of surviving under non-saline environmental conditions similar to those existing at the site considered, but not expected to meet the mass loss criterion for Exposure Grade Salt Attack Resistance Grade.
· Exposure Grade Salt Attack Resistance Grade - Performance such that it is possible to demonstrate that the product has a history of surviving under saline environmental conditions similar to those existing at the site considered; and less than 0.2 grams mass loss in 40 cycles in AS/NZS 4456.10, Method B test.


	Concrete Blocks for Reinforced Mortarless Masonry Applications

	Concrete blocks for reinforced mortarless masonry applications shall comply with the Drawings, Building Regulations and relevant Standard (IS 2572, IS 1597, IS 14458). Unless stated otherwise, properties shall be not less than:

· Dimensional category DW4

· Salt attack resistance grade shall be:

· General Purpose except as listed below for Exposure Grade

· Exposure Grade where the masonry is:

· subject to saline wetting and drying; or

· in aggressive soils; or

· in a severe marine environment; or

· subject to saline or contaminated water, including tidal spash zones; or

· in especially aggressive environments. e.g. subject to attack by corrosive liquids or gasses, or within 1 km of industry in which chemical pollutants are produced.

· Minimum characteristic compressive strength shall be as nominated by the engineer and not less than the value nominated in the drawings, and in no case less than 15 MPa.The required strength depends on the particular application. Refer to the manufacturer’s design literature for guidance.

· Dimensions and core configuration shall be such that:

· Units may be fully grouted and reinforced, both vertically and horizontally; 

· Grout may flow easily around and enclose the reinforcement in all cores; and 

· Cover is consistent with the requirements for durability, strength and fire resistance as appropriate. 

· Mean Coefficient of Residual Drying Contraction shall be not more than 0.6 mm/m.

· If intended for face applications and exposed to the weather:

· Permeability shall be not more than 2 mm/minute

· Efflorescence Potential shall be Nil or Slight

· Colour and texture shall be within an agreed range.

More details…click here

	Definitions 
· Dimensional Category DW4 - For a sample of 5 units, the standard deviation of work sizes shall be not more than 2 mm, and the difference between the mean and the work size shall be not more than 3 mm. For tightly interlocking surfaces of retaining wall units, tighter tolerances are applicable, such that when 5 units are stacked on top of each other on a flat surface, the slope of the top surface shall be not greater than 1 in 50. For split faces, the dimensional deviations shall not apply to the width of the unit, provided the average width is not less than 90% of the work size.

· General Purpose Salt Attack Resistance Grade - Performance such that it is possible to demonstrate that the product has a history of surviving under non-saline environmental conditions similar to those existing at the site considered, but not expected to meet the mass loss criterion for Exposure Grade Salt Attack Resistance Grade.
· Exposure Grade Salt Attack Resistance Grade - Performance such that it is possible to demonstrate that the product has a history of surviving under saline environmental conditions similar to those existing at the site considered; and less than 0.2 grams mass loss in 40 cycles in AS/NZS 4456.10, Method B test.


	Cement

	Cement shall be Type GP portland cement or GB blended cement complying with the relevant Standards (IS 269).
More details…click here


	Lime

	Lime shall be hydrated building lime complying with complying with the relevant Standard (IS 712).
More details…click here


	Water Thickener

	Water thickener shall be methyl-cellulose based.

More details…click here


	Sand

	Sand shall be well graded and free from salts, vegetable matter and impurities. Sand shall not contain more than 10% of the material passing the 75 micron sieve.  Sand within the following grading limits complies with this requirement and is deemed suitable for concrete masonry.


Sieve
     Percent Passing

4.76 mm
     100


2.36 mm
     95–100


1.18 mm
     60–100


600 µm
     30–100


300 µm
     10–50


150 µm
       0–10


  75 µm
       0–4
More details…click here


	Joint Material

	Joint material shall comply with the Drawings, Building Regulations and relevant Standards. Unless stated otherwise:

· Backing rod for control joints, expansion joints and articulation joints shall be expanded polystyrene tube or bead or, rigid steel backing profile with closed cell foam adhered to the metal profile face.

· Joint sealant shall be gun grade multi-purpose polyurethane sealant.

· Control joints and articulation joints shall incorporate de-bonding tape.

More details…click here


	Concrete Grout

	Concrete grout shall comply with the Drawings, Building Regulations and relevant Standards. Unless stated otherwise, properties shall be:  

· a minimum portland cement content of 300 kg/cubic metre;

· a maximum aggregate size of 10 mm;

· sufficient slump to completely fill the cores; and 

· a minimum compressive cylinder strength of 20 MPa.

More details…click here


	Surface Sealing Material

	The material used to seal the surface of the fill shall be compacted clay. 

Alternatively, a 0.2 mm thick PVC membrane or a needle-punched bentonite liner overlaid by at least 150 mm of bulk fill material may be used in lieu of the clay.

More details…click here


	Bulk Fill Material

	Bulk fill material shall be uniform and of maximum particle size of 100 mm.

More details…click here


Inspections and Tests

When work reaches a stage of requiring inspection, (e.g. footing reinforcement, geogrids and drainage) the Contractor shall advise the Engineer, before proceeding to cover, close or complete the work. The following inspections shall be performed. 

	Item or Product 
	Inspection Required
	Accept Criteria
	Hold

Witness

	Drawings & Specifications
	Inspect controlled documents 
	Controlled copy of latest issue  on site
	Hold

	Foundation & retained soil
	
	
	

	    Density


	Density meter *
	As specified
	Hold

	    Friction angle


	Shear box *
	As specified
	Hold

	    Cohesion


	Shear box *
	As specified
	Hold

	Levelling pad
	
	
	

	   Width


	Spot check
	+ 10%,- 2%
	Hold

	   Depth


	Spot check
	+ 10%,- 2%

	Hold

	    Density

    
	Density meter *
	As specified
	Hold

	    Friction angle


	Shear box *
	As specified
	Hold

	    Cohesion


	Shear box *
	As specified
	Hold

	Footing dimensions
	
	
	

	   Width


	Spot check
	+ 10%,- 2%
	Hold

	   Length


	Spot check
	+ 10%,- 2%

	Hold

	   Reinforcement cover


	Check chair size
	As specified
	Hold

	Edge forms


	Check all edges
	+,- 20 mm
	Hold

	Level on soil


	Spot check levels
	+ 10 mm, -50 mm
	Hold

	Footing Reinforcement
	
	
	

	Reinforcement grade
	Spot check markings
	As specified
	Hold

	Reinforcement diameter
	Spot check diameter
	As specified
	Hold

	Reinforcement spacing


	Spot check
	+,- 10%
	Hold

	Reinforcement laps


	Spot check 
	+,- 10%
	Hold

	Reinforcement ligature spacing
	Spot check
	+,- 10%
	Hold

	Concrete strength
	Spot check dockets
	As specified
	Witness

	Curing



	Spot check
	As specified
	Witness

	Masonry units
	
	
	

	   Type


	Spot check
	As specified
	Hold

	   Dimensions


	Spot check
	As specified
	Witness

	   Strength
	Spot check dockets
	As specified
	Witness

	Mortar mix


	Spot check 
	As specified
	Witness

	Weep holes


	Spot check
	As detailed
	Hold

	Cover


	Spot check
	As spec >15mm
	Hold

	Wall Reinforcement
	
	
	

	Reinforcement grade
	Spot check markings
	As specified
	Hold

	Reinforcement diameter
	Spot check markings
	As specified
	Hold

	Reinforcement spacing


	Spot check
	+,- 10%
	Hold

	Reinforcement laps


	Spot check
	+,- 10%
	Hold

	Concrete grout strength
	Spot check dockets
	As specified
	Witness

	Cleaning


	Visual
	As per test panel
	Witness

	Drainage system


	Flush pipes
	Positive 1 in 100
	Hold

	Granular fill


	Visual
	Grading
	Hold

	Geotextile


	Visual
	As specified
	Hold

	Fill


	Visual
	Grading
	Witness

	Sealing and surface drains


	Visual
	Located to drawing
	Witness

	Notes

All tolerances shall be as shown, except where overridden by architectural or regulatory requirements.

* The Engineer may relax this requirement if other satisfactory controls are in place.


SPECIFICATION - TIMBER CANTILEVER & CRIB RETAINING WALLS

Scope

This section covers the construction of timber cantilever post and whaler retaining walls and timber crib retaining walls. It excludes reinforced soil structures, segmental gravity walls, cantilever masonry retaining walls and sheet-pile retaining walls.

Building Regulations and Standards
All materials and construction shall comply with the most recent version of:

· the relevant parts of the Building Regulations;  

· the Standards referred to therein; 

· other Standards nominated in this specification; and

· other relevant Regulations.

Relevant Standards

IS 456 : 2000 Plain and Reinforced Concrete - Code of Practice

IS 3629 : 1986  Specification for structural timber in building

IS 14458: 1998  Guidelines for retaining wall for hill area:

SP 33 : 1986 Handbook on Timber Engineering

Commencement

Work shall commence as soon as practical after, but not before,

(a) The Builder has issued:

· a written order

· the relevant contract drawings, specifications and schedule of work

· written approval of any details provided by the Contractor

 (b) All adjacent earthworks are complete, profiles and benchmarks are established.

Earthworks and Drainage

The earthworks and drainage for all retaining walls shall comply with Specification:

“RETAINING WALLS – EARTHWORKS AND DRAINAGE”

Construction of Timber Members 

Holes for timber posts shall be bored to the diameter and depth shown on the drawings. For walls up to 3.0 m high, the diameter of the hole (and concrete surround) shall be not less than  250 mm greater than the diameter of the post. If rock is encountered, it shall be removed. If this is not practical, the wall shall be redesigned by the Engineer to provide sufficient overturning resistance.

The posts shall be erected, braced and concreted into position with a minimum cover all around of 50 mm.

Whalers shall be fixed by nailing such that they bear directly against the posts in accordance with the suppliers recommendations. Joints in whalers shall be located at the posts.

Tolerances

Unless specified otherwise for reasons of aesthetics or by the client or architect, all construction shall be within the following tolerances:

Element



Vertical

Horizontal 
Vertical

Horizontal





Position

Position

Alignment
Alignment

Soil surface


 100 mm
-

-

-


Facings and wall structures
 50 mm
 50 mm
 20 mm in 3 m
 20 mm in 3 m

Footings and supports

 50 mm
 50 mm
 20 mm in 3 m
 20 mm in 3 m

	Timber 

	Timber shall comply with the Drawings, Building Regulations and relevant Standard (IS 3629). Timber  shall be of a type and dimensions nominated on the drawings, including:

· Building poles

· Logs

· Sleepers

· Slabs

· Winged splits

· Splits

All timber shall be treated against termites and rot, using chemicals that are free of arsenic and chromium.

More details…click here


	Concrete

	Concrete shall comply with the Drawings, Building Regulations and relevant Standard (IS 456). Unless stated otherwise, properties shall be not less than:  

· Characteristic compressive strength of  20 MPa (Strength grade N20) 

· Maximum aggregate size of 20 mm

· Of sufficient slump to facilitate the nominates means of  placement

· Subject to plant control testing.
More details…click here


	Surface Sealing Material

	The material used to seal the surface of the fill shall be compacted clay. 

Alternatively, a 0.2 mm thick PVC membrane or a needle-punched bentonite liner overlaid by at least 150 mm of bulk fill material may be used in lieu of the clay.

More details…click here


	Bulk Fill Material

	Bulk fill material shall be uniform and of maximum particle size of 100 mm.

More details…click here


Inspections and Tests

All new work shall remain open until it has been inspected and approved by the Engineer. The following inspections shall be performed.

	Item or Product 
	Inspection Required
	Accept Criteria
	Hold

Witness

	Drawings & Specifications
	Inspect controlled documents 
	Controlled copy of latest issue  on site
	Hold

	Foundation & retained soil
	
	
	

	    Density


	Density meter *
	As specified
	Hold

	    Friction angle


	Shear box *
	As specified
	Hold

	    Cohesion


	Shear box *
	As specified
	Hold

	Post holes
	
	
	

	   Diameter


	Spot check
	+ 10%,- 2%
	Hold

	   Depth


	Spot check
	+ 10%,- 2%

	Hold

	 Timber posts and whalers
	
	
	

	   Type


	Spot check
	As specified
	Hold

	   Dimensions


	Spot check
	As specified
	Witness

	   Strength
	Spot check dockets
	As specified
	Witness

	Drainage system


	Visual
	As specified
	Witness

	Granular fill


	Visual
	As specified
	Witness

	Geotextile


	Visual
	As specified
	Witness

	Fill


	Visual
	As specified
	Witness

	Sealing and surface drains


	Visual
	Located to drawing
	Witness


* The Engineer may relax this requirement if other satisfactory controls are in place.

	


SPECIFICATION – ANCHORS AND SOIL NAILING

Scope

This section covers ground anchors and soil nailing for small structures.

Building Regulations and Standards

All materials and construction shall comply with the most recent version of:

· the relevant parts of the Building Regulations;  

· the Standards referred to therein; 

· other Standards nominated in this specification; and

· other relevant Regulations.

Relevant Standards
IS 14458: 1998  Guidelines for retaining wall for hill area:

Commencement

Work shall commence as soon as practical after, but not before,

(a) The Builder has issued:

· a written order

· the relevant contract drawings, specifications and schedule of work

· written approval of any details provided by the Contractor

 (b) All adjacent earthworks are complete, profiles and benchmarks are established.

Earthworks and Drainage

The earthworks and drainage for all retaining walls shall comply with Specification:

“RETAINING WALLS – EARTHWORKS AND DRAINAGE”

Ground Anchors

Ground anchors and soil nails shall be installed in accordance with the relevant Standard and with the manufacturer’s instructions.

Anchors shall be driven the specified distance into the soil before they are tensioned. If rock impedes the driving, the design shall be modified to ensure that the equivalent load carrying capacity at the same depth of embedment is achieved. 

Tolerances

Unless specified otherwise for reasons of aesthetics or by the client or architect, all construction shall be within the following tolerances:

Element



Vertical

Horizontal 
Vertical

Horizontal






Position

Position

Alignment
Alignment

Soil surface


 100 mm
-

-

-


Facings and wall structures

 50 mm
 50 mm
 20 mm in 3 m
 20 mm in 3 m

Footings and supports

 50 mm
 50 mm
 20 mm in 3 m
 20 mm in 3 m

	Ground Anchors

	Ground anchors shall be of a type and size determined in accordance with the Drawings and the relevant Standards.

Drawings shall fully describe:

· Type of anchor

· Expected anchorage zone material

· Minimum free length

· Ultimate design load

· Test proof load

· Lock-off load

· Grouting (if applicable).

· Embankment facing, reinforcement and the method of fixing.

The material requirements shall be determined through consideration of the following.

· Ultimate loads

· Required design life

· Application

· Environmental conditions such as soil acidity, alkalinity, chemical presence or stray electrical currents.

All components, including wires, anchors, load plates and locking devices shall be protected from corrosion and shall be compatible with each other, without the possibility of galvanic action. Permanent anchors shall be fully encapsulated in polythene sheathing or better, except that prestressing bars may be epoxy coated.  In general, the following anchor materials shall be specified.

Installers shall be trained and accredited by the system manufacturer in the following:

· Safe installation practices

· Safe operation of the installation equipment

· Installation procedures

· Load locking

· Testing for certification

· Quality assurance and documentation

More details…click here


Inspections and Tests

All new work shall remain open until it has been inspected and approved by the Engineer. The following inspections shall be performed.

	Item or Product 
	Inspection Required
	Accept Criteria
	Hold

Witness

	Drawings & Specifications
	Inspect controlled documents 
	Controlled copy of latest issue  on site
	Hold

	Foundation & retained soil
	
	
	

	    Density

    
	Density meter *
	As specified
	Hold

	    Friction angle


	Shear box *
	As specified
	Hold

	    Cohesion


	Shear box *
	As specified
	Hold

	Type of anchor


	Visual
	As specified
	Hold

	Anchorage zone material


	Geotechnical report
	As specified 
	Hold

	Minimum free length


	Visual
	+,- 10%
	Witness

	Ultimate design load


	To be noted
	As specified
	Witness

	Test proof load


	Record each anchor
	+,- 10%
	Hold

	Lock-off  load


	Record each anchor
	+,- 10%
	Hold

	Grouting (if applicable)


	Visual
	As specified
	Hold

	Facing


	Visual
	As specified
	Hold

	Notes

All tolerances shall be as shown, except where overridden by architectural or regulatory requirements.

* The Engineer may relax this requirement if other satisfactory controls are in place.


POTENTIAL PROBLEMS AND SOLUTIONS

General

Many retaining wall failures can be attributed to the ingress of ground water and a failure to remove it from behind the wall.

Access behind Wall

If there is insufficient clearance behind a retaining wall during construction, it will be difficult to install the drainage system. This is often a problem for retaining walls constructed on a boundary. In such a case, position the drainage system before completing the stem of the retaining wall.

Wet Concrete behind Retaining Walls

Some innovative designs call for the placing of concrete, either with or without reinforcement, behind retaining wall facings. Until it has had a chance to stiffen, such wet concrete exerts on the face of the wall, a pressure that is significantly higher than the normally expected active pressures. In this case, the following precautions must be observed to ensure that the wall does not collapse under the pressure of wet concrete.

Ensure that wall is securely braced to a stable anchorage before placing any concrete behind the wall. 

Do not fill more than three blocks high in any concrete lift. 

Wait until concrete has stiffened and the wall is stable before proceeding with further concrete filling. This may require the delivery of concrete in more than one load.

The use of no-fines concrete, which has a low slump, will reduce the risk of overturning. See below.

No-fines Concrete behind Retaining Walls

No-fines concrete has a low slump, and therefore applies lower forces on the retaining wall than fluid concrete. Care is needed to ensure that the wall does not overturn before the no-fines concrete has hardened, although the risk is substantially reduced.

Granular Fill behind Retaining Walls

The purpose of granular fill behind a retaining wall is twofold. It provides a medium for conducting ground water to the drainage pipe and it exerts a lesser force on the wall than clay, silt and similar materials. To prevent the granular fill from becoming contaminated with the in-situ soil, enclose it in an envelope of geofabric which will allow the water to pass but trap the soil. A layer of granular fill, at least 300 mm wide at its narrowest section, should extend up to a position that is at least half the height of the wall or to within 1 metre of the top.

Weep Holes

Ground water must be able to pass through the face of a retaining wall in the event of a failure of the drainage system. The preferred method is to provide 50 mm diameter weep holes through a concrete hob at 1.2 m centres. Alternatively, weep holes may be placed through solid or grouted masonry walls using special flush-ended clean-out blocks in the bottom course.

Inappropriate Concrete Blocks

In reinforced concrete masonry cantilever retaining walls, both vertical and horizontal reinforcement are grouted into hollow concrete blockwork. It is a common incorrect practice to use flush-ended two-celled blocks (commonly designated 2042 or 2020 units). Use of these blocks requires horizontal reinforcement to pass through a 10 mm wide air space that is incapable of being filled with grout at the perpendicular joints, and is a potential source of corrosion. The correct blocks to use are H blocks (2048) or Double U blocks (2091).

Location of Steel Reinforcement

In reinforced concrete masonry cantilever retaining walls, the position of the vertical reinforcement is critical to the strength of the wall. It is preferable to construct a concrete up-stand or hob as part of the footing, thus permitting the vertical starter bars to be accurately positioned. This also enables the footing to be sloped longitudinally, permitting the agricultural pipe to achieve the required fall. Weep holes can also be positioned through the hob.

Position of Keys

Large retaining walls often require a concrete key into the foundation material to restrict forward sliding. It is preferable to place the key towards the rear (heel) of the base, since this will simplify the excavation process. The key is excavated first, then the rest of the base, dragging the excavated material forward (towards the toe) and thus away from the key excavation.

Tightness of Geogrids

In reinforced soil walls, geogrids must be pulled tight using stakes before the placing and compacting of fill. If this is not done, they will be ineffective in reinforcing the soil.

Depth of Timber Posts

Where timber posts are required to resist overturning, they must be founded to a depth stated in the drawings and surrounded with concrete. It is advantageous to widen the diameter of the surrounding concrete close to the soil surface, thus increasing the area of soil resisting overturning. It is essential that the ground in front of the posts remain undisturbed.

Ground Anchors

If rock impedes the driving of ground anchors, the design should be modified to ensure that the equivalent load carrying capacity at the same depth of embedment is achieved. 

Building Posts

On sloping sites, the downhill creep of the upper soil strata will slowly cause movement in retaining walls and any building supports and posts in contact with the soil. The layout of retaining walls and adjacent building supports or posts should be as follows.

Building supports and posts should be founded below the base of any adjacent retaining wall or on sound rock foundations.

Building supports and posts should be isolated from the soil fill by a space of at least 200 mm to permit future soil movement without bearing on the supports.

Bearers and bracing should run in the direction of the site slope.

Building posts should be tied together by galvanised steel ties encased in concrete beams (running down the slope between the posts) with smooth sides that permit the soil to slip past the posts without applying any load.

Large Reinforced Soil Retaining Walls on Poor Quality Foundations

When soils of low bearing capacity support high reinforced soil retaining walls, the length of the geogrids must be increased, effectively increasing the length of the reinforced soil block. Alternatively, a more economic solution may be to improve the quality of the foundation material by excavating the poor soil and replacing it with an enlarged levelling pad of either 15 MPa concrete or Class 1 compacted gravelly sands, controlled crushed sandstone or gravel fills. 

Wind, Earthquake and Impact Loading On Retaining Walls

Where appropriate, retaining walls must designed to resist impact on the guard rails and wind or earthquake loadings on supported structures such as fences and buildings, in addition to these forces acting on the face of the wall.

Boulder Walls

The shape of the boulders affects the stability of the walls. Boulders that are shaped similar to cubes are much more stable than boulders that are shaped like spheres.

Treatments to Reduce Water Penetration

The rear face of retaining walls may be coated with a water proofing membrane or similar. Refer to the specification on painting for details.
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