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Introduction

1 Scope

The Materials Testing Manual (MTM) is published to assist the Department of Transport and Main
Roads in the design, construction and maintenance of the state road network.

The 5™ Edition of the MTM was published in 2018 and is available in electronic form only.

To reduce costs for industry, the manual contains a 'Table of Equivalencies' so that testing
laboratories will no longer need to obtain separate NATA accreditations for identical test methods.

The methods published in the MTM are also referenced in the following departmental publications:

Pavement Design Supplement: Supplement to Part 2 Pavement Structural Design of the
Austroads Guide to Pavement Technology

Pavement Rehabilitation Manual

Technical Specifications, and

Western Queensland Best Practice Guidelines.

2 Content

The manual contains twelve parts as follows:

a)
b)
c)
d)
e)
f)
9)
h)

Part 1 Introduction

Part 2 Application

Part 3 General

Part 4 Sampling

Part 5 Soils, Crushed Rock and Stabilised Materials
Part 6 Geotechnical, Environmental, Rock
Part 7 Aggregates

Part 8 Asphalt

Part 9 Bituminous materials

Part 10 Concrete

Part 11 Chemical, and

Part 12 Pavements.

3 Definitions

3.1

Standard definitions

The standard definitions listed in Table 3.1 shall apply to the Materials Testing Manual.
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Table 3.1 — Standard definitions

Term

Definition

Bulk sample

Produced by taking a set of sample increments of approximately equal
guantities from a lot, and thoroughly mixing to provide a single uniform
sample. A bulk sample may be reduced by sample division.

Coarse-grained soil

Soils that contain, not more than 20% retained on a 37.5mm test sieve.

Constant mass

Where oven drying to constant mass is specified using a 105—

110°C drying oven, the sample is considered to have reached a
constant mass when the difference between successive determinations
of mass, after additional drying for not less than 30 minutes, does not
exceed 0.1 percent of the original mass of the sample.

Where oven drying to constant mass is specified using a 45—

50°C drying oven, the sample is considered to have reached a constant
mass when the difference between successive determinations of mass,
after additional drying for not less than 4 hours, does not exceed

0.1 percent of the original mass of the sample.

Where test methods require different temperatures or drying times, the
specified temperatures and times will apply.

Fine-grained soil

Soils that contain not more than 20% retained on a 2.36mm test sieve.

Granular (mechanical)
stabilisation

Granular stabilisation is the process of adding another granular material
to correct a deficiency in the intrinsic material properties of the parent
material. These stabilising materials include natural gravels, crushed
rock and fine-grained soils.

Medium-grained soil

Soils that contain not more than 20% retained on a 19.0mm test sieve.

Plant-mixed stabilisation

Involves the stationary pug mill mixing of a stabilisation agent with an
unbound granular material sourced from a quarry or reclaimed
construction and demolition waste (usually concrete). The quality of
unbound granular pavement material used in plant mixing must conform
to an unbound pavement specification.

Quarry material

Construction materials that are won by blasting, ripping or other
excavation means for use in their natural state or after processing such
as by crushing, screening or combining with other materials.

Sample

The material to be forwarded for examination and/or testing which is
representative of a lot. A sample is either a single entity (a spot sample)
or more usually a representative sample and derived by combining
sample increments of approximately equal quantities from a lot, and
thoroughly mixing to provide a single uniform sample and then dividing
the sample into a suitable quantity for examination and/or testing.

Sample increment

Is the basic unit of sampling and shall consist of a quantity of material
taken from a sampling location. For hand sampling it may consist of
sub-increments combined to form the sample increment.

Sampling location

The location, described in terms of longitudinal, lateral and, if required,
vertical distance from where a sample, sample increment or
sub-increment is obtained or at which a single insitu test is performed.

Size fraction

The portion of a sample retained between two successive sieves
specified for the particular test.

Sub-sample

Representative portion of a sample which has been divided from the
sample using procedures detailed in the particular method.

Test location

The location, described in terms of longitudinal, lateral and, if required,
vertical distance from where a single insitu test is performed.
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Term Definition
Test portion The material derived from a sample or a sub-sample by further division
and used for a particular test.
Unbound materials Quarry materials, natural gravels or recycled materials produced for

base and sub-base pavement construction.

3.2 Definitions in other publications

Further relevant definitions are contained in the following Austroads publication and Transport and
Main Roads Technical Specifications:

a)
b)
c)
d)
e)
f)
9)
h)

k)

Austroads Glossary of Terms

MRTSO01 Introduction to Technical Specifications

MRTSO04 General Earthworks

MRTSO05 Unbound Pavements

MRTSO06 Reinforced Soil Structures

MRTSO07A Insitu Stabilised Subgrades using Quicklime or Hydrated Lime
MRTSO07B Insitu Stabilised Pavements using Cement or Cementitious Blends
MRTSO07C Insitu Stabilised Pavements using Foamed Bitumen

MRTSO08 Plant-Mixed Heavily Bound (Cemented) Pavements

MRTSO09 Plant-Mixed Foamed Bitumen Stabilised Pavements

MRTS10 Plant-Mixed Lightly Bound Pavements.

3.3 Standard abbreviations

The standard abbreviations listed in Table 3.3 shall apply to the Materials Testing Manual.

Table 3.3 — Standard abbreviations

Abbreviation Definition
AR Analytical Reagent

APHA American Public Health Association

ASTM ASTM International, formerly the American Society for Testing and Materials
AWT Allowable Working Time

CR Capillary Rise

DoS Degree of Saturation

FMC Final Moisture Content

HMA Hot Mix Asphalt

IRHD International Rubber Hardness Degrees

LL Liquid Limit

LR Laboratory Reagent

LVDT Linear Variable Displacement Transducer
MRTS Main Roads Technical Specification
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Abbreviation Definition

NAASRA National Association of Australian State Road Authorities
PIARC World Road Association

RLT Repeated Load Triaxial

SDS Safety Data Sheet

TG Technical Grade

WLS Weighted Linear Shrinkage

WMA Warm Mix Asphalt

3.4 Abbreviations in other publications

Further relevant abbreviations are contained in the Austroads Glossary of Terms.

4 Referenced documents
4.1 Australian Standards

Table 4.1 lists the Australian Standards including Austroads Test Methods referenced in the Materials

Testing Manual.

Table 4.1 — Referenced Australian Standards

Reference Title

AG:PT/T220 Sample preparation — Compaction of asphalt slabs

AG:PT/T234 Asphalt binder content (ignition oven method)

AG:PT/T236 Asphalt particle loss

AG:PT/T250 Modified surface texture depth (pestle method)

AG:PT/T301 Determining the foaming characteristics of bitumen

AS 1012.1 Methods of testing concrete, Method 1: Sampling of concrete

AS 1012.2 Methods of testing concrete, Method 2: Preparing concrete mixes in the
laboratory

AS 1012.3.1 Methods of testing concrete, Method 3.1: Determination of properties related
to the consistency of concrete — Slump test

AS 1012.3.5 Methods of testing concrete, Method 3.5: Determination of properties relating
to the consistency of concrete — Slump flow, T5,, and J-ring test

AS 1012.8.1 Methods of testing concrete, Method 8.1: Method for making and curing
concrete — Compression and indirect tensile test specimens

AS 1012.8.3 Methods of testing concrete, Method 8.3: Methods of making and curing
concrete — Mortar and grout specimens

AS 1012.8.4 Methods of testing concrete, Method 8.4: Method for making and curing
concrete — Drying shrinkage specimens prepared in the field or in the
laboratory

AS 1012.9 Methods of testing concrete, Method 9: Compressive strength tests —
Concrete, mortar and grout specimens

AS 1012.13 Methods of testing concrete, Method 13: Determination of the drying
shrinkage of concrete for samples prepared in the field or in the laboratory
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Reference Title

AS 1012.14 Methods of testing concrete, Method 14: Method for securing and testing
cores from hardened concrete for compressive strength and mass per unit
volume

AS 1141.1 Methods for sampling and testing aggregates, Part 1: Definitions

AS 1141.2 Methods for sampling and testing aggregates, Method 2: Basic testing
equipment

AS 1141.3.1 Methods for sampling and testing aggregates, Method 3.1: Sampling —
Aggregates

AS 1141.4 Methods for sampling and testing aggregates, Method 4: Bulk density of
aggregate

AS 11415 Methods for sampling and testing aggregates, Method 5: Particle density and
water absorption of fine aggregate

AS 1141.6.1 Methods for sampling and testing aggregates, Method 6.1: Particle density
and water absorption of coarse aggregate — Weighing-in-water method

AS 1141.11.1 Methods for sampling and testing aggregates, Method 11.1: — Particle size
distribution — Sieving method

AS 1141.15 Methods for sampling and testing aggregates, Method 15: Flakiness index

AS 1141.22 Methods for sampling and testing aggregates, Method 22: Wet / dry strength
variation

AS 1141.23 Methods for sampling and testing aggregates, Method 23: Los Angeles value

AS 1141.40 Methods for sampling and testing aggregates, Method 40: Polished aggregate
friction value — Vertical road-wheel machine

AS 1141.42 Methods for sampling and testing aggregates, Method 42: Pendulum friction
test

AS 1141.7 Methods for sampling and testing aggregates, Method 7: Apparent particle
density of filler

AS 1289.0 Methods of testing soils for engineering purposes, Part 0: Definitions and
general requirements

AS 1289.1.2.1 Methods of testing soils for engineering purposes, Method 1.2.1: Sampling
and preparation of soils — Disturbed samples — Standard method

AS 1289.1.4.1 Methods of testing soils for engineering purposes, Method 1.4.1: Sampling
and preparation of soils — Selection of sampling or test sites — Random
number method

AS 1289.1.4.2 Methods of testing soils for engineering purposes, Method 1.4.2: Sampling
and preparation of soils — Selection of sampling or test sites — Stratified
random number method

AS 1289.2.1.1 Methods of testing soils for engineering purposes, Method 2.1.1: Soil moisture
content tests — Determination of the moisture content of a soil — Oven drying
method (standard method)

AS 1289.2.1.2 Methods of testing soils for engineering purposes, Method 2.1.2: Soil moisture
content tests — Determination of the moisture content of a soil — Sand bath
method (subsidiary method)

AS 1289.2.1.4 Methods of testing soils for engineering purposes, Method 2.1.4: Soil moisture

content tests — Determination of the moisture content of a soil —
Microwave-oven drying method (subsidiary method)
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Reference

Title

AS 1289.2.1.5

Methods of testing soils for engineering purposes, Method 2.1.5: Soil moisture
content tests — Determination of the moisture content of a soil — Infrared lights
method (subsidiary method)

AS 1289.2.1.6

Methods of testing soils for engineering purposes, Method 2.1.6: Soil moisture
content tests — Determination of the moisture content of a soil — Hotplate
drying method

AS 1289.2.3.1

Methods of testing soils for engineering purposes, Method 2.3.1: Soil moisture
content tests — Establishment of correlation — Subsidiary method and the
standard method

AS 1289.3.1.1

Methods of testing soils for engineering purposes, Method 3.1.1: Soil
classification tests — Determination of the liquid limit of a soil — Four point
Casagrande method

AS 1289.3.1.2

Methods of testing soils for engineering purposes, Method 3.1.2: Soil
classification tests — Determination of the liquid limit of a soil — One point
Casagrande method (subsidiary method)

AS 1289.3.2.1

Methods of testing soils for engineering purposes, Method 3.2.1: Soil
classification tests — Determination of the plastic limit of a soil — Standard
method

AS 1289.3.3.1

Methods of testing soils for engineering purposes, Method 3.3.1: Soil
classification tests — Calculation of the plasticity index of a soil

AS 1289.3.3.2

Methods of testing soils for engineering purposes, Method 3.3.2: Soil
classification tests — Calculation of the cone plasticity index of a soll

AS 1289.3.4.1

Methods of testing soils for engineering purposes, Method 3.4.1: Soil
classification tests — Determination of the linear shrinkage of a soil — Standard
method

AS 1289.3.5.1

Methods of testing soils for engineering purposes, Method 3.5.1: Soil
classification tests — Determination of the soil particle density of a soil —
Standard method

AS 1289.3.6.1

Methods of testing soils for engineering purposes, Method 3.6.1: Soil
classification tests — Determination of the particle size distribution of a soil —
Standard method of analysis by sieving

AS 1289.3.6.3

Methods of testing soils for engineering purposes, Part 3.6.3: Soil
classification tests — Determination of the particle size distribution of a soil —
Standard method of fine analysis using an hydrometer

AS 1289.4.2.1

Methods of testing soils for engineering purposes, Method 4.2.1: Soil
chemical tests — Determination of the sulfate content of a natural soil and the
sulfate content of the groundwater — Normal method

AS 1289.5.1.1

Methods of testing soils for engineering purposes, Method 5.1.1: Soil
compaction and density tests — Determination of the dry density / moisture
content relation of a soil using standard compactive effort

AS 1289.5.4.1

Methods of testing soils for engineering purposes, Method 5.4.1: Soil
compaction and density tests — Compaction control test — Dry density ratio,
moisture variation and moisture ratio

AS 1289.5.5.1

Methods of testing soils for engineering purposes, Method 5.5.1: Soil
compaction and density tests — Determination of the minimum and maximum
dry density of a cohesionless material — Standard method

AS 1289.5.7.1

Methods of testing soils for engineering purposes, Method 5.7.1: Soil
compaction and density tests — Compaction control test — Hilf density ratio
and Hilf moisture variation (rapid method)
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Reference Title

AS 1289.6.3.2 Methods of testing soils for engineering purposes, Method 6.3.2: Soil strength
and consolidation tests — Determination of the penetration resistance of a soll
— 9 kg dynamic cone penetrometer test

AS 1289.6.4.1 Methods of testing soils for engineering purposes, Method 6.4.1: Soil strength
and consolidation tests — Determination of compressive strength of a soil —
Compressive strength of a specimen tested in undrained triaxial compression
without measurement of pore water pressure

AS 1349 Bourdon tube pressure and vacuum gauges

AS 1545 Methods for the calibration and grading of extensometers

AS 1672.1 Limes and limestones Part 1: Limes for building

AS 1984 Vernier callipers (metric series) (withdrawn)

AS 2008 Bitumen for pavements

AS 2103 Dial gauges and dial test indicators (metric series) (withdrawn)

AS 2193 Calibration and classification of force-measuring systems

AS 2341.7 Methods of testing bitumen and related roadmaking products, Method 7:
Determination of density using a density bottle

AS 2341.25 Methods of testing bitumen and related roadmaking products, Method 25:
Determination of consistency

AS 2341.26 Methods of testing bitumen and related roadmaking products, Method 26:

Determination of sieve residue

AS/NZS 2341.2

Methods of testing bitumen and related roadmaking products, Method 2:
Determination of dynamic viscosity by vacuum capillary viscometer

AS/NZS 2341.13

Methods of testing bitumen and related roadmaking products, Method 13:
Long-term exposure to heat and air

AS/NZS 2341.23

Methods of testing bitumen and related roadmaking products, Method 23:
Determination of residue from evaporation

AS/NZS 2341.29

Methods of testing bitumen and related roadmaking products, Method 29:
Determination of breaking behaviour by setting time

AS 2891.1.2

Methods of sampling and testing asphalt, Method 1.2: Sampling — Coring
method

AS/NZS 2891.1.1

Methods of sampling and testing asphalt, Method 1.1: Sampling — Loose
asphalt

AS/NZS 2891.2.1

Methods of sampling and testing asphalt, Method 2.1: Sample preparation —
Mixing, quartering and conditioning of asphalt in the laboratory

AS/NZS 2891.2.2

Methods of sampling and testing asphalt, Method 2.2: Sample preparation —
Compaction of asphalt test specimens using a gyratory compactor

AS/NZS 2891.3.1

Methods of sampling and testing asphalt, Method 3.1: Binder content and
aggregate grading — Reflux method

AS/NZS 2891.5

Methods of sampling and testing asphalt, Method 5: Compaction of asphalt by
Marshall method and determination of stability and flow — Marshall procedure

AS/NZS 2891.7.1

Methods of sampling and testing asphalt, Method 7.1: Determination of
maximum density of asphalt — Water displacement method

AS/NZS 2891.8

Methods of sampling and testing asphalt, Method 8: Voids and volumetric
properties of compacted asphalt mixes
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Reference

Title

AS/NZS 2891.9.2

Methods of sampling and testing asphalt, Method 9.2: Determination of bulk
density of compacted asphalt — Presaturation method

AS/NZS 2891.9.3

Methods of sampling and testing asphalt, Method 9.3: Determination of bulk
density of compacted asphalt — Mensuration method

AS/NZS 2891.13.1

Methods of sampling and testing asphalt, Method 13.1: Determination of the
resilient modulus of asphalt — Indirect tensile method

4.2 International Standards

Table 4.2 lists the International Standards referenced in the Materials Testing Manual.

Table 4.2 — Referenced International Standards

Reference Title

ASTM D5581 Standard Test Method for Resistance to Plastic Flow of Bituminous Mixtures
Using Marshall Apparatus (6 inch-Diameter Specimen)

ASTM E1859 Standard test method for Friction Coefficient Measurements Between Tire and
Pavement Using a Variable Slip Technique

ASTM E1926 Standard practice for computing International Roughness Index of roads from
profile measurements

BS 658 Specification for apparatus for the determination of distillation range (including
flasks and receivers)

BS EN 1426 Bitumen and bituminous binders — Determination of needle penetration

BS I1SO 48 Rubber, vulcanized or thermoplastic. Determination of hardness (hardness
between 10 IRHD and 100 IRHD)

ISO 463 Geometrical Product Specifications (GPS) — Dimensional measuring
equipment — Design and metrological characteristics of mechanical dial
gauges

ISO 3310-1 Test sieves — Technical requirements and testing — Part 1: Test sieves of
metal wire cloth

ISO 3310-2 Test sieves — Technical requirements and testing — Part 2: Test sieves of
perforated metal plate

ISO 4788 Laboratory glassware — Graduated measuring cylinders

ISO 6789 Assembly tools for screws and nuts — Hand torque tools — Part 1:
Requirements and methods for design conformance testing and quality
conformance testing: minimum requirements for declaration of conformance

ISO 8486-2 Bonded abrasives — Determination and designation of grain size distribution —
Part 2: Microgrits F230 to F2000

ISO 13385-1 Geometrical Product Specifications (GPS) — Dimensional measuring
equipment — Part 1: Callipers; Design and metrological characteristics of
mechanical dial gauges

JIS B 7503 Mechanical dial gauges

JIS B 7507 Vernier, dial and digital callipers
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5 Using other standards

The Transport and Main Roads Technical Specifications require that the testing of all work carried out
within a Contract shall be undertaken in accordance with Test Methods in the department's Materials
Testing Manual (MTM) or, where specified, from national standards. Where these Test Methods are
referenced in the Materials Testing Manual and Transport and Main Roads Specifications Manual,
they are prefixed as follows:

a) ‘Q’ for Test Methods published in the Materials Testing Manual

b) '‘AS’ for Test Methods published by Australian Standards

c) 'AS/NZS' for Test Methods jointly published by Standards Australia and Standards New
Zealand

d) ‘AG:PT/T’ for Test Methods published by Austroads, or

e) ‘ASTM’ for Test Methods published by ASTM International, formerly the American Society

for Testing and Materials.

The original issue of the Manual contained only full Test Methods published by the then Department of
Main Roads. Since the early 1980s, the MTM has referred to other Test Methods and Standards,
initially for concrete testing but expanding to include the testing of soils, aggregates, asphalt and other
bituminous materials.

The current Manual contains the following:

e Test Methods that directly reference existing Test Methods (for example, Australian
Standards, Austroads)

o Test Methods that reference other Test Methods but include some mandatory variations, and

o full Test Methods either developed in-house or based on existing Test Methods.

6 Safety

This Manual does not attempt to address all of the safety concerns, if any, associated with its use. It is
the responsibility of the user of this Manual to establish appropriate occupational health and safety
practices that meet statutory regulations.

7 Notes

Information contained in sections with the heading ‘Notes on method’ is for guidance in understanding
or clarifying the associated requirement.

8 Approved Test Methods (table of equivalencies)

A list of Test Methods that are approved as replacements for Transport and Main Roads Test Methods
are shown in Table 8.
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Table 8 — Approved replacement methods

Transport and Main Equivalent Transport and Main Equivalent
Roads Test Method Roads Test Method
Q050 AS 1289.1.4.1 Q201 AS 1141.15
Q050 AS 1289.1.4.2 Q306D AS/NZS 2891.9.3
Q060 AS 1141.3.1 Q336 AS 2341.3
Q101E T102 + T103 Q358 AS/NZS 2341.29
Q105 AS 1289.3.3.1 or Q478 ASTM C1611
AS 1289.3.3.2
Q136 Q136A Q479 CIAZ17 A

AS — Australian Standard

AS/NZS — Joint Australian / New Zealand Standard

AG:PT/T — Austroads

ASTM — ASTM International, formerly American Society for Testing and Materials

CIA — Concrete Institute of Australia

T — Roads and Maritime Services, New South Wales

Materials Testing Manual — Part 1, Transport and Main Roads, March 2021
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1 Purpose

This section of the Materials Testing Manual provides guidance for construction materials testing
facilities on the use of Test Methods for the following:

e testing of stabilised materials (Sections 3-7), and
e storage of additives in the laboratory (Section 8).

This guidance reflects departmental experience and is intended to assist testing facilities in performing
testing conforming with requirements of the relevant Test Methods, documents referenced following
and the relevant Technical Specifications.

2 Referenced documents
The documents referenced by this Part of the Materials Testing Manual are shown following:

¢ Pavement Rehabilitation Manual, Queensland Department of Transport and Main Roads,
February 2020.

e Guide to Pavement Technology Part 4D: Stabilised Materials, Austroads, 2019.

o Geotechnical Site Investigations, Standards Australia, AS 1726-2017, Section 6.1 Soll
description and classification.

e Nuclear Gauge Testing Manual, Queensland Department of Transport and Main Roads,
Edition 4, July 2019.

e Pavement Design Supplement, Supplement to Part 2: Pavement Structural Design of
Austroads Guide to Pavement Technology, Queensland Department of Transport and Main
Roads, July 2018.

e Stabilization of pavement, subgrades and base courses with lime, Dallas N Little, National
Lime Association, Kendall Hunt Publishing Company, 1995.
3 Testing of materials for insitu cement or cementitious blend stabilisation
3.1 Introduction
This section outlines the process for:
a) sampling and characterising host soil

b) design procedure to determine the relationship between unconfined compressive strength and
stabilising agent content

c) determining working time, and
d) measuring the properties of cement treated materials in the field.
This section supports the application of the following departmental documents:

e Technical Specification MRTSQ7B Insitu Stabilised Pavements using Cement or Cementitious
Blends, and

e Pavement Rehabilitation Manual, Section 4.9.6.
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In the remainder of this document, the term ‘cement’ can mean both cement and cementitious
blends (that is, combinations of pozzolanic material; such as fly ash, slag and so on, and cement
and/or lime).

This process is also applicable to materials stabilised using slow setting additives such as lime / fly
ash and lime slag, although these require a longer curing time before testing, usually 28 days.

3.2 Background

Insitu cement or cementitious blend stabilisation is a mobile process, during which cement is added to
an existing pavement and mixed with a purpose-designed road recycler.

It is essential with all stabilisation work that materials are thoroughly assessed and their reactions with
the specific binder to be used in the stabilisation process is properly validated by laboratory testing
before any field work commences. Stabilised pavement materials should be tested to determine their
quality and uniformity.

The summary of the categories and characteristics of the various types of stabilised materials typically
adopted by Transport and Main Roads are shown in the Guide to Pavement Technology Part 4D:
Stabilised Materials, Austroads, Table 2.1.

3.3 Sampling and characterisation
3.3.1 General

Sample the section under consideration at appropriate intervals to identify material properties and
uniformity using the sampling methods in Table 3.3.1. Use of a soil classification system such as the
unified soils classification system can assist in identifying the soil types.

For characterisation, bulk samples of 10-50 kg will be required, depending on the maximum particle
size of the material. For mix design, an additional bulk sample of 90-120 kg will be required.

It may be necessary to sample the pavement in a manner that simulates both the mixing and the
disruption caused by using up to three passes of a stabiliser. A bobcat or excavator fitted with a
profiling / milling head can simulate this mixing. Mill a lateral trench using three passes, retaining all
the material for the sample. Do not test this material as part of the characterisation of the pavement;
retain this material for the mix design in Section 3.4.

Do not sample materials excluded from the works during construction, such as sprayed surfacing,
asphalt or stabilised patches. Before commencing any sampling, obtain clarification of excluded areas.

Sample any material to be imported to add to the pavement for insitu stabilisation at its source, usually
a quarry, to obtain a representative sample of the material.

Table 3.3.1 — Test Methods used to sample materials

Property Test Method Title
Sampling — machine AS 1289.1.2.1 Sampling and preparation of soils —
excavated pit or trench disturbed samples
Sampling from stockpile Q060 Representative sampling of soils, crushed
rock and aggregates
Sampling for stabilisation Qo061 Spot sampling of soils, crushed rock and
testing — plant excavation aggregates
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3.3.2 Classification

Undertake particle size distribution and Atterberg limits testing using Test Methods listed in

Table 3.3.2 on the samples. Use the results of particle size distribution, Atterberg limits and visual
classification to classify the material sampled and to gain a preliminary assessment of the type of
stabilisation suitable samples tested. Refer to Guide to Pavement Technology Part 4D: Stabilised
Materials, Austroads, Table 2.4 or Pavement Rehabilitation Manual, Table 4.9 for details. These
results are also used to select representative samples for further testing.

Table 3.3.2 — Test Methods used to classify materials

Property Test Method Title

Particle Size Distribution (Grading) Q103A Particle size distribution of soil — wet
sieving

Atterberg limits (liquid limit, plastic limit, Q104A or D Liquid limit of soil
plasticity index and linear shrinkage)

Q105 Plastic limit and plasticity index of soil

Q106 Linear shrinkage of soil

3.3.3 Deleterious materials

This is usually not an issue for materials obtained from quarries or existing pavement materials
originally obtained from quarries or pits. If there is a concern about the quality of the materials, then
testing for deleterious materials as detailed in Section 7.3.2 may be undertaken with the limits in
Table 7.3.2 adopted.

3.4 Mix design procedure

This stage is to establish the target cement content for the host soil using the design Test Methods in
Table 3.4.

Table 3.4 — Test Methods used for design

Property Test Method Title
Unconfined Compressive Q115 UCS of stabilised materials
Strength (UCS) Q135A Addition of stabilising agents
Q251A Preparation and compaction of
laboratory mixed stabilised materials
Q135B Curing of moulded specimens of
stabilised materials
Capillary rise Q125D Capillary rise of stabilised material
Allowable working time Q136A Working time of stabilised materials

3.4.1 Cement and supplementary cementitious materials

Where required, cement conforming with the requirements of AS 3972: General purpose and blended
cements is used in laboratory testing. Source the cement directly from suppliers. Do not use bagged
supplies from hardware stores / building suppliers, as the age and condition of the cement is unknown.
Instructions for the storage and use of cement are included in Section 8.
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Source supplementary cementitious materials (fly ash, slag, silica fume and so on) directly from
suppliers and keep dry in airtight containers. While they do not deteriorate with age, discard after
12 months, as the sample may no longer represent the materials currently supplied.

3.4.2 Lime

Where required hydrated lime, conforming with the requirements of Technical Specification

MRTS23 Supply and Delivery of Quicklime and Hydrated Lime for Road Stabilisation, is to be used
exclusively in laboratory testing. Source the hydrated lime directly from suppliers. Do not use bagged
supplies from hardware stores / building suppliers, as the age and condition of the lime is unknown.
Instructions for the storage and use of lime are included in Section 8.

Obtain a certificate with the available lime index (AL ) from the supplier for the batch of lime. As an

alternative, sample the lime and forward the sample to a laboratory to determine the available lime
index. Forward the available lime index certificate, along with other results of testing for the mix design
procedure.

Do not use quicklime in the laboratory because of safety concerns, and the need to exercise very tight
control over moisture during moulding. If complete hydration of the quicklime does not occur before
compaction, carbonation and localised expansion can occur.

3.4.3 Water

Water sources classified by the relevant water authority as ‘potable water’ do not require any testing.
Where other water is used, such as site water, dam water and so on, it shall conform with the
requirements in Technical Specification MRTSO07B Insitu Stabilised Pavements using Cement or
Cementitious Blends, Clause 6.5 Water quality.

3.4.4 Imported material

Where required imported material, use material conforming with the requirements of Technical
Specification MRTS05 Unbound Pavements in laboratory testing. Source the material directly from the
nominated quarry. Add the imported material to the representative samples for the UCS design in
proportions nominated by the designer.

3.45 UCStest analysis

Use the UCS test to determine the stabilising agent target content. Compact at least three test
portions (minimum three specimens at each) at a range of cement contents. The range of cement
contents should straddle the target strength with at least one portion below the target strength and
one portion above the target strength. Compact additional portions, if required, to straddle the required
target strength. The user of the data must be able to interpolate and not extrapolate.

There is a significant influence by density of the strength of all compacted soil. A 1% reduction in
relative compaction can reduce the UCS by 5%. Small density variations can easily mask the effects
of other variables such as cement content and curing conditions.

Since compacted density has a direct influence on UCS, variation in compaction moisture must be
limited. Suggested limit for achieved moisture content are:

Achieved moisture content = target moisture content +0.3 percentile units

Condition the cement / soil mixture using short-term conditioning; that is, the cement / soil mixture is to
condition in an airtight container for 45 minutes before further mixing and compaction.
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A standard curing regime comprising moist curing at 23 + 2°C for seven days has been adopted as
detailed in Test Method Q135B.

All specimens are to be tested using the standard UCS Test Method Q115.

Plot the UCS data versus cement content and determine the cement content corresponding to the
target strength (MPa). In Figure 3.4.5, the cement content corresponding with the target strength of
1.5 MPa would be the optimum cement content of 1.65%.

Figure 3.4.5 — Cement content v UCS
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3.4.6 Allowable working time

The allowable working time for cement stabilised materials is two hours as detailed in Technical
Specification MRTS07B Insitu Stabilised Pavements using Cement or Cementitious Blends,
Clause 8.4 Allowable working time unless specified in the annexure to this Technical Specification.

Alternatively, the allowable working time may be determined as detailed in Technical Specification
MRTSO07B Insitu Stabilised Pavements using Cement or Cementitious Blends, Clause 8.4 Allowable
working time using Test Method Q136A.

To determine the allowable working time, undertake the test to determine the allowable working time
for the stabilising agent and host soil. Compact specimens with a one-hour delay and determine the
dry density and UCS to establish a reference maximum dry density (MDD) and reference UCS.
Further specimens are compacted with a delay between mixing and compaction which, for cements,
will typically be one, two, four, six and eight hours.

These delays reduce the achieved MDD and UCS due to the cement hydrating and reacting with the
host soil, reducing the moisture content and increasing the friction between particles. These effects
inhibit the reorientation of particles during compaction and therefore reduce the achieved MDD. The
lower density also reduces the achieved UCS.

The allowable working time is defined as the delay time that produces a 3% reduction in
achieved MDD (that is, 100% to 97%); or a 20% reduction in achieved UCS (that is, 100% to 80%),
whichever is the shorter delay time.
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Plot the MDD versus time delay and the UCS versus time delay for the cement content and determine
the delay at 0.97 of one hour delay MDD (0.97 x 2.200 = 2.134) and 0.80 of one hour delay

UCS (0.80 x 1.5 =1.2). In Figure 3.4.6, the delays corresponding 0.97 MDD and 0.80 UCS are five
and four hours respectively; therefore, the allowable working time would be four hours.

Figure 3.4.6 — MDD / UCS v delay
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3.5 Field testing - compliance

Undertake field testing to ensure that specification requirements, such as cement content, relative
compaction, moisture content and UCS are achieved using the test methods in Table 3.5.

Table 3.5 — Test methods used for compliance

Property Test Title
Method
Spread rate Q719 Field spread rate of solid stabilising agents — fabric mat
Compacted density Q141A Compacted density of soils and crushed rock (nuclear
gauge)
Q141B Compacted density of soils and crushed rock (sand
replacement)
Reference density Q142A Dry density-moisture relationship (standard compaction)
Q144A Assignment of MDD and optimum moisture content for
soils and crushed rock
Relative compaction Q140A Relative compaction of soils and crushed rock
Allowable working time Q136A Working time for stabilised materials

3.5.1 Cement content

For insitu stabilisation, a simple mat test is used to measure stabilising agent content. Place one or
more 1 m2 mats to catch the discharge from the spreader.

Materials Testing Manual — Part 2, Transport and Main Roads, March 2021 13



Application

3.5.2 Compacted density and reference density

Use nuclear gauge technique for cement modified / stabilised materials provided a wet density and
moisture content bias is determined as detailed in the Nuclear Gauge Testing Manual. Use of the sand
replacement test for measuring insitu density is an alternative, but it is more destructive to the finished
pavement.

Measure the reference density using the traditional dry density-moisture relationship test. Complete
the sampling and compaction of the reference density sample before the allowable working time for
the material has elapsed. A project / material specific allowable working time is determined for each
project.

The inherent variability of insitu stabilised materials usually means the employment of a testing regime
of one-for-one testing. Such testing involves taking a sample from each insitu density location and
determining a reference density.

3.5.3 Moisture content of stabilised material

Monitoring and adjustment of the moisture content of the stabilised material is critical to the
performance of the finished pavement.

The moisture ratio of the stabilised material after the final wet incorporation of stabilising agent pass
but before compaction should be in the range specified in as detailed in Technical Specification
MRTSO07B Insitu Stabilised Pavements using Cement or Cementitious Blends, Clause 8.8 Product
standards.

As a minimum frequency, the relative moisture ratio of stabilised materials is assessed at each test
location for compaction tests.

3.6 Field testing — verification

Undertake field testing to ensure that design requirement, UCS is achieved using the test method in
Table 3.6.

Table 3.6 — Test methods used for verification

Property Test Method Title
UCS Q115 UCS of compacted materials
Q251B Preparation and compaction of field mixed stabilised
materials
Q135B Curing of moulded specimens of stabilised material

3.6.1 Field UCS

The UCS test provides additional information on expected field performance relative to design. Mould
the field mixed material at field moisture content using standard compaction effort. Cure the moulded
specimens under standard conditions prior to testing.

When sampling and making UCS specimens in the field, it is assumed the insitu moisture content will
be close to the optimum moisture content of the material. If not, then the achieved dry density and dry
density ratio will be likely to be well below the target. This will mean the UCS results for the samples
will be lower than target due to the moisture and density being lower than the targets; therefore, care
is required in interpreting these results.
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4 Testing of materials for plant-mixed cement or cementitious blend stabilisation
4.1 Introduction
This section outlines the process for:

a) sampling and characterising host soil

b) design procedure to determine the relationship between UCS and stabilising agent content,
and

c) measuring the properties of cement treated materials at the production plant and in the field.
This section supports the application of the following departmental documents:

e MRTSO08 Plant-Mixed Heavily Bound (Cemented) Pavements, and

e MRTS10 Plant-Mixed Lightly Bound Pavements.

In the remainder of this document, the term ‘cement’' can mean both cement and cementitious
blends (that is, combinations of pozzolanic material; such as fly ash, slag and so on, and cement
and/or lime).

This process is also applicable to materials stabilised using slow setting additives such as lime / fly
ash and lime slag although these require a longer curing time before testing, usually 28 days.

4.2 Background

Plant-mixed cement stabilisation involves stationary pugmill mixing of cement with an unbound
granular material sourced from quarrying or reclaimed construction material. The quality of unbound
granular pavement materials used in plant mixing typically conforms to unbound granular
specifications for particle size distribution, plasticity and source rock hardness. The stabilised material
is delivered to the site in trucks and then paved or spread, compacted, shaped and cured in
preparation for the placement of the overlying layers.

It is essential with all stabilisation work that materials are thoroughly assessed and their reactions with
the specific binder to be used in the stabilisation process be properly validated by laboratory testing
before any field work commences. Stabilised pavement materials should be tested to determine their
quality and uniformity.

The summary of the categories and characteristics of the various types of stabilised materials typically
adopted by Transport and Main Roads are shown in the Guide to Pavement Technology Part 4D:
Stabilised Materials, Austroads, Table 2.1.

4.3 Sampling and characterisation

The material to be used must be sampled to ensure compliance with the relevant Technical
Specification using the sampling method in Table 4.3. For characterisation, bulk samples of 10-50kg
will be required, depending on the maximum particle size of the material. For mix design, an additional
bulk sample of 90-120kg will be required. Use the sampling methods in Table 4.3.

Table 4.3 — Test methods used to sample materials

Property Test Method Title

Sampling from stockpile Q060 Representative sampling of soils, crushed rock
and aggregates
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4.3.1 Classification

Undertake particle size distribution and Atterberg limits testing using test methods listed in Table 4.3.1
on the samples. Use the results of particle size distribution, Atterberg limits and visual classification to
classify the material sampled and to gain a preliminary assessment of the type of stabilisation suitable
samples tested. Refer to Guide to Pavement Technology Part 4D: Stabilised Materials, Austroads,
Table 2.4 or Pavement Rehabilitation Manual, Table 4.9 for details. These results are also used to
select representative samples for further testing.

Table 4.3.1 — Test methods used to classify materials

Property Test Method Title
Particle Size Distribution Q103A Particle size distribution of soil — wet sieving
(Grading)
Atterberg limits (Liquid limit, Q104A or D Liquid limit of soil
plastic limit, plasticity index o o .
and linear shrinkage) Q105 Plastic limit and plasticity index of soil
Q106 Linear shrinkage of soll

4.3.2 Deleterious materials

This is usually not an issue for materials obtained from quarries or existing pavement materials
originally obtained from quarries or pits. If there is a concern about the quality of the materials, then
testing for deleterious materials as detailed in Section 7.3.2 may be undertaken with the limits in
Table 7.3.2 adopted.

4.4 Mix design procedure
This stage is to establish the target cement content for the host soil.
Use the design test methods in Table 4.4.

Table 4.4 — Test methods used for design

Property Test Method Title
Unconfined Compressive | Q115 UCS of stabilised materials
Strength (UCS) Q135A Addition of stabilising agents
Q251A Preparation and compaction of laboratory mixed
stabilised materials
Q135B Curing of moulded specimens of stabilised
materials
Capillary rise Q125D Capillary rise of stabilised material
Allowable working time Q136A Working time of stabilised materials

4.4.1 Cement and supplementary cementitious materials

Where required, cement conforming with the requirements of AS 3972: General purpose and blended
cements is used in laboratory testing. Source the cement directly from suppliers. Do not use bagged
supplies from hardware stores / building suppliers, as the age and condition of the cement is unknown.
Instructions for the storage and use of cement are included in Section 8.
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Source supplementary cementitious materials (fly ash, slag, silica fume and so on) directly from
suppliers and keep dry in airtight containers. While they do not deteriorate with age, discard after
12 months, as the sample may no longer represent the materials currently supplied.

442 Lime

Where required hydrated lime, conforming with the requirements of Technical Specification

MRTS23 Supply and Delivery of Quicklime and Hydrated Lime for Road Stabilisation, is to be used
exclusively in laboratory testing. Source the hydrated lime directly from suppliers. Do not use bagged
supplies from hardware stores / building suppliers, as the age and condition of the lime is unknown.
Instructions for the storage and use of lime are included in Section 8.

Obtain a certificate with the available lime index (AL ) from the supplier for the batch of lime. As an

alternative, sample the lime and forward the sample to a laboratory to determine the available lime
index. Forward the available lime index certificate, along with other results of testing for the mix design
procedure.

Do not use quicklime in the laboratory because of safety concerns, and the need to exercise very tight
control over moisture during moulding. If complete hydration of the quicklime does not occur before
compaction, carbonation and localised expansion can occur.

4.4.3 Water

Water sources classified by the relevant water authority as ‘potable water’ do not require any testing.
Where other water is used, such as site water, dam water and so on, it shall comply with the
requirements in Technical Specifications MRTS10 Plant-Mixed Lightly Bound Pavements, Clause 6.5
Water quality or MRTS08 Plant-Mixed Heavily Bound (Cemented) Pavements, Clause 6.5 Water
quality.

4.4.4 UCS test analysis

The UCS testing for the mix design is undertaken as detailed in Technical Specification

MRTSO08 Plant-Mixed Heavily Bound (Cemented) Pavements, Clause 7 Mix design or MRTS10 Plant-
Mixed Lightly Bound Pavements, Clause 7 Mix design. The testing involves the compaction of at least
three test portions (minimum three specimens at each) at a range of cement contents. Where an
upper and lower UCS limit applies, such as lightly bound materials, then the range of cement contents
should straddle this range and have one portion below the minimum limit and one portion above the
maximum limit. Compact additional portions, if required, to straddle the required range. The user of the
data must be able to interpolate and not extrapolate.

There is a significant influence by density of the strength of all compacted soil. A 1% reduction in
relative compaction can reduce the UCS by 5%. Small density variations can easily mask the effects
of other variables such as cement content and curing conditions.

Since compacted density has a direct influence on UCS, variation in compaction moisture must be
limited. Suggested limits for achieved moisture content are:

Achieved moisture content = target moisture content +0.3 percentile units

Condition the cement / soil mixture using short-term conditioning; that is, the cement / soil mixture is to
condition in an airtight container for 45 minutes before further mixing and compaction.
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A standard curing regime comprising moist curing at 23 + 2°C for seven days for heavily bound
material and seven and 28 days for lightly bound material has been adopted as detailed in Test
Method Q135B.

All specimens are to be tested using the standard UCS Test Method Q115.
445 Allowable working time

The allowable working time for cement stabilised materials is four hours as detailed in Technical
Specification MRTS08 Plant-Mixed Heavily Bound (Cemented) Pavements, Clause 8.2.3 Allowable
working time or MRTS10 Plant-Mixed Lightly Bound Pavements, Clause 8.2.3 Allowable working time.

Alternatively, the allowable working time may be determined for heavily bound or lightly bound
materials using Test Method Q136A. An example of the process for determining the allowable working
time is detailed in Section 3.4.6.

4.5 Production testing — compliance

Undertake production testing to ensure that specification requirements, such as cement content and
UCS are in compliance using the test methods in Table 4.5.

Table 4.5 — Test methods used for compliance

Property Test Method Title
Cement content Q134 Stabilising agent content — heat of neutralisation
Reference density Q142A Dry density-moisture relationship (standard
compaction)
Q1l44A Assignment of MDD and optimum moisture content
for soils and crushed rock
Unconfined compressive Q115 UCS of compacted materials
strength (UCS) Q251B Preparation and compaction of field mixed
stabilised materials
Q135B Curing of moulded specimens of stabilised
materials

451 Cement content

For plant-mixed stabilisation, the Heat of Neutralisation test is a rapid low-cost field test. Samples of
both the un-stabilised material and the stabilising agent are required prior to performing this test.

45.2 Reference density

The plant-mixed stabilised materials are uniform, which allows the use of testing regime using an
assigned reference density. Such testing involves taking a sample from the quarry stockpile and
adding the target additive content to the materials and determining a reference density. An initial value
based on the average of six tests is used. This is then updated every 10,000 tonnes using one new
test and calculating a rolling average.

4.5.3 Production UCS

The UCS test is a compliance test for plant-mixed materials. Use the reference density

results (MDD / OMC) for the material to determine the wet mass per layer using the process as
detailed in Test Method Q145A. Mould the material at the ‘as produced’ moisture content using
standard compaction effort. Cure the moulded specimens under standard conditions prior to testing.
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4.6 Field testing — compliance

Undertake field testing to ensure that specification requirements, such as relative compaction, are in
compliance using the test methods in Table 4.6.

Table 4.6 — Test methods used for compliance

replacement)

Property Test Method Title
Compacted density Q141A Compacted density of soils and crushed rock (nuclear
gauge)
Q141B Compacted density of soils and crushed rock (sand

Relative Compaction Q140A Relative compaction of soils and crushed rock

4.6.1 Compacted density

Use nuclear gauge technique for cement modified / stabilised materials provided a wet density and

moisture content bias is determined as detailed in the Nuclear Gauge Testing Manual. Use of the sand
replacement test for measuring insitu density is an alternative, but it is more destructive to the finished

pavement.

5 Testing of materials for insitu foamed bitumen stabilisation
5.1 Introduction
This section outlines the process for:

a) sampling and characterising host soil

b) design procedure to determine the properties of material stabilised with foamed bitumen and a

secondary stabilising agent, and
c) measuring the properties of foamed bitumen stabilised materials in the field.
This section supports the application of the following departmental documents:
e MRTSO07C Insitu Stabilised Pavements using Foamed Bitumen, and
e Pavement Rehabilitation Manual, Clause 4.9.8.
5.2 Background

Insitu foamed bitumen stabilisation is a mobile process of mixing bitumen (in a foamed state), the
primary stabilising agent, and a secondary stabilising agent, usually hydrated lime, into pavement
materials, with the intention of improving the strength and moisture resistance of the existing
un-stabilised material(s). The purpose of the bitumen (in conjunction with the secondary stabilising
agent) is to achieve a strong yet flexible pavement layer compared to other stabilisation treatments,
such as those using cement.

The aim is to provide a material that:
¢ has enough strength for early trafficking, assessed using minimum initial modulus
e is strong and flexible, assessed using minimum three-day cured modulus, and

e is able to withstand inundation, assessed using minimum three-day soaked modulus and
minimum retained modulus.
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The summary of the categories and characteristics of the various types of stabilised materials typically
adopted by Transport and Main Roads are shown in the Guide to Pavement Technology Part 4D:
Stabilised Materials, Austroads, Table 2.1.

The design limits for insitu stabilised materials are shown in the Pavement Rehabilitation Manual,
Transport and Main Roads in Tables 4.9.8.5.1(a), 4.9.8.5.1(b) and 4.9.8.5.1(c).

5.3 Sampling and characterisation

Sample the section under consideration at appropriate intervals to identify material properties and
uniformity using the sampling methods in Table 5.3. Use of a soil classification system such as the
unified soils classification system can assist in identifying the soil types.

For characterisation, bulk samples of 10-50kg will be required, depending on the maximum particle
size of the material. For mix design, an additional bulk sample of 70-90kg will be required.

It may be necessary to sample the pavement in a manner that simulates both the mixing and the
disruption caused by using up to three passes of a stabiliser. A bobcat or excavator fitted with a
profiling / milling head can simulate this mixing. Mill a lateral trench using three passes retaining all the
material for the sample. Do not test this material as part of the characterisation of the pavement; retain
this material for the mix design in Section 5.4.

Do not sample materials excluded from the works during construction, such as sprayed surfacing,
asphalt or stabilised patches. Before commencing any sampling, obtain clarification sampling of
materials.

Sample any material to be imported to add to the pavement for insitu stabilisation at its source, usually
a quarry, to obtain a representative sample of the material.

Table 5.3 — Test methods used to sample materials

Property Test Method Title
Sampling — machine AS 1289.1.2.1 Sampling and preparation of soils — disturbed
excavated pit or trench samples
Sampling from stockpile Q060 Representative sampling of soils, crushed rock
and aggregates
Sampling for stabilisation Qo061 Spot sampling of soils, crushed rock and
testing — plant excavation aggregates

5.3.1 Classification

Undertake patrticle size distribution and Atterberg limits testing using test methods listed in Table 5.3.1
on the samples. Use the results of particle size distribution, Atterberg limits and visual classification to
classify the material sampled and to gain a preliminary assessment of the type of stabilisation suitable
samples tested. Refer to Guide to Pavement Technology Part 4D: Stabilised Materials, Austroads,
Table 2.4 for details. These results are also used to select representative samples for further testing.

Additional requirements for materials that are suitable for stabilisation are detailed in the Pavement
Rehabilitation Manual, Clause 4.9.8.4.1 Suitability of materials to be stabilised — general.
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Table 5.3.1 — Test methods used to classify materials

Property Test Method Title

Particle Size Distribution (Grading) | Q103A Particle size distribution of soil — wet sieving

Atterberg limits (Liquid limit, plastic | Q104A or D Liquid limit of soil
limit, plasticity index and linear
shrinkage)

Q105 Plastic limit and plasticity index of soil

Q106 Linear shrinkage of soll

5.3.2 Deleterious materials

This is usually not an issue for materials obtained from quarries or existing pavement materials
originally obtained from quarries; however, materials need to be free of organic or other deleterious
materials. The water-soluble sulfate content must not exceed 1.99 of sulfate (expressed as SO3) per
litre.

Use the test methods in Table 5.3.2 to identify deleterious materials.

Table 5.3.2 — Test methods used to identify deleterious materials

Property Test Method Title
Organic content Q120B Organic content of soil — loss on ignition
Sulfate content AS 1289.4.2.1 Determination of the sulfate content of a natural soil and
the sulfate content of the groundwater

5.4 Mix design

This stage of the procedure is to establish the suitability of stabilising the host material with foamed
bitumen. Perform this with samples prepared at 70% OMC, with 3.0% bitumen and 2.0% lime. If the
host material is suitable it may, for larger projects, be appropriate to perform further testing to optimise
the bitumen and lime contents.

Use the design test methods in Table 5.4.

Table 5.4 — Test methods used for design

Property Test Method Title
Resilient modulus Q139 Resilient modulus of stabilised material —
indirect tensile method
Q138A Preparation and compaction of laboratory
mixed foamed bitumen stabilised material
Q138B Preparation and compaction of field mixed
foamed bitumen stabilised material
Q135C Curing moulded specimens of foamed bitumen
stabilised material
Compacted density and Q147B Compacted density of stabilised material —
moisture content vacuum saturation
Optimum moisture content Q142A Dry density-moisture relationship (standard

compaction)

Available lime AS 4489.6.1 Lime index — available lime
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Property Test Method Title

Dynamic viscosity AS/NZS 2341.2 | Determination of dynamic (coefficient of shear)
viscosity by flow through a capillary tube

Sulfate content of groundwater | AS 1289.4.2.1 Determination of the sulfate content of a
natural soil and the sulfate content of the
groundwater

Expansion ratio and half-life AG:PT/T301 Determining the foaming characteristics of
bitumen

54.1 Lime

Hydrated lime, conforming with the requirements of Technical Specification MRTS23 Supply and
Delivery of Quicklime and Hydrated Lime for Road Stabilisation, is to be used exclusively in laboratory
testing. Source the hydrated lime directly from suppliers. Do not use bagged supplies from hardware
stores / building suppliers, as the age and condition of the lime is unknown. Instructions for the storage
and use of lime are included in Section 8.

Obtain a certificate with the available lime index ( AL ) from the supplier for the batch of lime. As an

alternative, sample the lime and forward the sample to a laboratory to determine the available lime
index. Forward the available lime index certificate, along with other results of testing for the mix design
procedure. This allows the lime content to be adjusted for a different quality of lime as detailed in
Technical Specification MRTS07C Insitu Stabilised Pavements using Foamed Bitumen, Clause 6.3
Stabilising agents.

Do not use quicklime in the laboratory because of safety concerns, and the need to exercise very tight
control over moisture during moulding. If complete hydration of the quicklime does not occur before
compaction, carbonation and localised expansion can occur.

5.4.2 Supplementary cementitious materials

Source supplementary cementitious materials (fly ash, slag, silica fume and so on) directly from
suppliers and keep dry in airtight containers. While they do not deteriorate with age, discard after
12 months, as the sample may no longer represent the materials currently supplied.

5.4.3 Bitumen

Use Class 170 bitumen for all foamed bitumen designs. Check each batch of bitumen for viscosity
before use. A sample of the batch should be foamed, and the foaming apparatus adjusted to provide
expansion ratio of at least 10 and a half-life of at least 20 seconds. This will usually require a foaming
water content of 3.0%; however, this should be optimised for each batch of bitumen. A foaming
additive (satisfactory performance has been observed by Inter-foam and Terric 311) may be required
to foam the bitumen, additional foaming trials will be required to determine the optimum addition rate
for the foaming additive.

544 Water

Where other water is used, such as site water, dam water and so on, it shall conform with the
requirements in Technical Specification MRTSO07C Insitu Stabilised Pavements using Foamed
Bitumen, Clause 6.4 Water.
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5.4.5 Imported material

Where imported material is required, use material conforming with the requirements of Technical

Specification MRTS05 Unbound Pavements in laboratory testing. Source the material directly from the

nominated quarry. Add the imported material to the representative samples for the resilient modulus
testing in proportions nominated by the designer.

5.4.6 Resilient modulus

The resilient modulus is determined by performing a resilient modulus test on a minimum of
three specimens prepared at a single bitumen and lime content. These are usually prepared at
70% OMC, with 3.0% bitumen content and lime content between 1.5-2.0% as detailed in Test
Method Q138A.

A standard curing and testing regime is undertaken as detailed in Test Method Q135C and the
specimens are then tested as detailed in Test Method Q139 to determine the initial modulus,
three-day cured modulus and three-day soaked modulus. The compacted density and moisture
content of the specimens may be determined as detailed in Test Method Q147B.

5.4.7 Analysis

If the results obtained from the resilient modulus testing conform with the specific design limits from
the Pavement Rehabilitation Manual Tables 4.9.8.4.1(a), 4.9.8.5.1(b) and 4.9.8.5.1(c), then the host
material can be stabilised using the moisture condition, bitumen content and lime content from
Section 5.4.6.

5.4.8 Optimisation

For large projects, it may be worthwhile to conduct further design testings, varying the bitumen and
lime contents to optimise bitumen and lime contents.

5.4.9 Allowable working time

The allowable working time for insitu stabilised materials is 6.5 hours as detailed in Technical
Specification MRTS07C Insitu Stabilised Pavements using Foamed Bitumen, Clause 8.4 Allowable
working time unless specified in the annexure to this Technical Specification.

5.5 Field testing — compliance

Undertake production testing to ensure compliance with the specification for properties such as

bitumen content, hydrated lime content and relative moisture ratio using the test methods in Table 5.5.

Table 5.5 — Test methods used for compliance

Property Test Method Title
Spread rate Q719 Field spread rate of solid stabilising agents — fabric
mat
Bitumen content Q118 Bitumen content of stabilised material
Compacted density Q141A Compacted density of soils and crushed rock

(nuclear gauge)

Q141B Compacted density of soils and crushed rock (sand
replacement)
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Property Test Method Title

Reference density Q1l42A Dry density — moisture relationship (standard
compaction)

Q144A Assignment of MDD and optimum moisture content
for soils and crushed rock

Relative Compaction Q140A Relative compaction of soils and crushed rock

5.5.1 Lime content

For insitu stabilisation, a simple mat test is used to measure stabilising agent spread rate. Place one
or more 1m2 mats to catch the discharge from the spreader.

5.5.2 Bitumen content

Measure the bitumen content using a solvent extraction method. Normally the testing is performed in a
specialised laboratory.

5.5.3 Compacted density and reference density

Use nuclear gauge technique for cement modified / stabilised materials provided a wet density and
moisture content bias is determined as detailed in the Nuclear Gauge Testing Manual. Use of the sand
replacement test for measuring insitu density is an alternative, but it is more destructive to the finished
pavement.

Measure the reference density using the traditional dry density-moisture relationship test. Complete
the sampling and compaction of the reference density sample before the allowable working time for
the material has elapsed. A project / material specific allowable working time is determined for each
project.

The inherent variability of insitu stabilised materials usually means the employment of a testing regime
of one-for-one testing. Such testing involves taking a sample from each insitu density location and
determining a reference density.

5.5.4 Moisture content of stabilised material

Monitoring and adjustment of the moisture content of the stabilised material is critical to the
performance of the finished pavement.

The moisture ratio of the stabilised material after the final wet incorporation pass but before
compaction, should be in the range specified in as detailed in Technical Specification MRTS07C Insitu
Stabilised Pavements using Foamed Bitumen, Clause 8.8 Product standards.

As a minimum frequency, the relative moisture ratio of stabilised materials is assessed at each test
location for compaction tests.

5.5.5 Field testing - verification

Undertake testing to verify that particular design parameters, such as resilient modulus are in
compliance, and where necessary fine-tune the design and production processes using the test
methods in Table 5.6.
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Table 5.5.5 — Test methods used for verification

Property Test Method Title
Resilient modulus Q139 Resilient modulus of stabilised material — indirect
tensile method
Q138B Preparation and compaction of field mixed foamed
bitumen stabilised material
Q135C Curing moulded specimens of foamed bitumen
stabilised material
Compacted density and | Q147B Compacted density of stabilised material — vacuum
moisture content saturation

5.5.6 Field modulus

The resilient modulus test provides additional information on expected field performance relative to
design. Mould the field mixed material at field moisture content as detailed in Test Method Q138B.
Cure the moulded specimens under standard conditions prior to testing as detailed in Test

Method Q135C. Test the specimens as detailed in Test Method Q139 to determine the initial modulus,
three-day cured modulus and three-day soaked modulus. The compacted density and moisture
content of the specimens may be determined as detailed in Test Method Q147B.

When sampling and making resilient modulus specimens in the field, assume the insitu moisture
content will be close to the target moisture content of the material. If not, then the achieved dry density
and dry density ratio will vary from the design; therefore, care is required in interpreting these results.
6 Testing of materials for plant-mixed foamed bitumen stabilisation
6.1 Introduction
This section outlines the process for:

a) sampling and characterising host soil

b) design procedure to determine the properties of material stabilised with foamed bitumen and a
secondary stabilising agent, and

¢) measuring the properties of foamed bitumen stabilised materials at the production plant and in
the field.

This section supports the application of the following departmental documents:
e MRTSO09 Plant-Mixed Pavement Layers Stabilised using Foamed Bitumen.
6.2 Background

Plant-mixed foamed bitumen stabilisation involves stationary pugmill mixing of bitumen (in a foamed
state), the primary stabilising agent, and a secondary stabilising agent, usually hydrated lime, into
pavement materials, with the intention of improving the strength and moisture resistance of the
existing un-stabilised material(s). The purpose of the bitumen (in conjunction with the secondary
stabilising agent) is to achieve a strong yet flexible pavement layer compared to other stabilisation
treatments, such as those using cement.
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The aim is to provide a material that:
e has enough strength for early trafficking, assessed using minimum initial modulus
e s strong and flexible, assessed using minimum three-day cured modulus, and

e is able to withstand inundation, assessed using minimum three-day soaked modulus and
minimum retained modulus.

The summary of the categories and characteristics of the various types of stabilised materials typically
adopted by Transport and Main Roads are shown in the Guide to Pavement Technology Part 4D:
Stabilised Materials, Austroads, Table 2.1.

6.2.1 Laboratory trial

A laboratory trail must be undertaken as specified in Technical Specification MRTS09 Plant-Mixed
Pavement Layers Stabilised using Foamed Bitumen, Clause 7.4.1, with the stabilised materials
conforming with the requirements in Tables 5.2.2(a) and 5.2.2(b) of the Technical Specification.

6.2.2 Plant production trial

The nominated mix from Section 6.2.1 is then produced at the proposed production plant and sampled
and tested as specified in Technical Specification MRTS09 Plant-Mixed Pavement Layers Stabilised
using Foamed Bitumen, Clause 7.4.2, with produced material conforming with the requirements in
Table 5.2.2(b) of the Technical Specification.

6.3 Sampling and characterisation

Sample the section under consideration at regular intervals to identify material types and changes
within any material using the sampling methods listed in Table 6.3. For characterisation, bulk samples
of 10-50kg will be required, depending on the maximum particle size of the material. For mix designs,
an additional bulk sample of 70—-90kg will be required.

For plant-mixed stabilisation, sample the material at its source, usually a quarry, to obtain a
representative sample of the material to be used.

Table 6.3 — Test methods used to sample materials

Property Test Method Title
Sampling — machine excavated | AS 1289.1.2.1 | Sampling and preparation of soils — disturbed
pit or trench samples
Sampling from stockpile Q060 Representative sampling of soils, crushed rock

and aggregates

6.3.1 Classification

Undertake particle size distribution and Atterberg limits testing using test methods listed in Table 6.3.1
on the samples. Use the results of particle size distribution, Atterberg limits and visual classification to
classify the material sampled and to gain a preliminary assessment of the type of stabilisation suitable
samples tested. Refer to Guide to Pavement Technology Part 4D: Stabilised Materials, Austroads,
Table 2.4 for details. These results are also used to select representative samples for further testing.

Additional requirements for materials are detailed in Technical Specification MRTS09 Plant-Mixed
Pavement Layers Stabilised using Foamed Bitumen, Clause 6.1 Materials to be stabilised.
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Table 6.3.1 — Test methods used to classify materials

Property

Test Method

Title

Particle Size Distribution (Grading) | Q103A

Particle size distribution of soil — wet sieving

limit, plasticity index and linear
shrinkage)

Atterberg limits (Liquid limit, plastic | Q104A or D

Liquid limit of soil

Q105

Plastic limit and plasticity index of soil

Q106

Linear shrinkage of soll

6.3.2 Deleterious materials

This is usually not an issue for materials obtained from quarries. The water-soluble sulfate content
must not exceed 1.99 of sulfate (expressed as SOs;) per litre.

Use the test method in Table 6.3.2 to identify deleterious materials.

Table 6.3.2 — Test methods used to identify deleterious material

Property Test Method

Title

Sulfate content AS 1289.4.2.1

Determination of the sulfate content of a natural soil and the
sulfate content of the groundwater

6.4 Mix design

This stage of the procedure is to establish the suitability of stabilising the host material with foamed
bitumen. Perform this with samples prepared at 70% OMC, with 3.0% bitumen and 2.0% lime. If the
host material is suitable it may, for larger projects, be appropriate to perform further testing to optimise
the bitumen and lime contents. Use the design test methods in Table 6.4.

Table 6.4 — Test methods used for design

Property

Test Method

Title

Resilient modulus

Q139

Resilient modulus of stabilised material —
indirect tensile method

Q138A Preparation and compaction of laboratory
mixed foamed bitumen stabilised material
Q138B Preparation and compaction of field mixed
foamed bitumen stabilised material
Q135C Curing moulded specimens of foamed bitumen
stabilised material
Compacted density and Q147B Compacted density of stabilised material —
moisture content vacuum saturation
Optimum moisture content Q142A Dry density-moisture relationship (standard
compaction)
Available lime AS 4489.6.1 Lime index — available lime
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Property Test Method Title

Dynamic viscosity AS/NZS 2341.2 | Determination of dynamic (coefficient of shear)
viscosity by flow through a capillary tube

Sulfate content of groundwater | AS 1289.4.2.1 Determination of the sulfate content of a
natural soil and the sulfate content of the
groundwater

Expansion ratio and half-life AG:PT/T301 Determining the foaming characteristics of
bitumen

6.4.1 Lime

Hydrated lime, conforming with the requirements of Technical Specification MRTS23 Supply and
Delivery of Quicklime and Hydrated Lime for Road Stabilisation, is to be used exclusively in laboratory
testing. Source the hydrated lime directly from suppliers. Do not use bagged supplies from hardware
stores / building suppliers, as the age and condition of the lime is unknown. Instructions for the storage
and use of lime are included in Section 8.

Obtain a certificate with the available lime index (AL ) from the supplier for the batch of lime. As an

alternative, sample the lime and forward the sample to a laboratory to determine the available lime
index. Forward the available lime index certificate, along with other results of testing for the mix design
procedure. This allows the lime content to be adjusted for a different quality of lime as detailed in
Technical Specification MRTS09 Plant-Mixed Pavement Layers Stabilised using Foamed Bitumen,
Clause 6.2 Stabilising agents.

Do not use quicklime in the laboratory because of safety concerns, and the need to exercise very tight
control over moisture during moulding. If complete hydration of the quicklime does not occur before
compaction, carbonation and localised expansion can occur.

6.4.2 Supplementary cementitious materials

Source supplementary cementitious materials (fly ash, slag, silica fume and so on) directly from
suppliers and keep dry in airtight containers. While they do not deteriorate with age, discard after
12 months, as the sample may no longer represent the materials currently supplied.

6.4.3 Bitumen

Use Class 170 bitumen for all foamed bitumen designs. Check each batch of bitumen for viscosity
before use. A sample of the batch should be foamed and the foaming apparatus adjusted to provide
expansion ratio of at least 10 and a half-life of at least 20 seconds. This will usually require a foaming
water content of 3.0%; however, this should be optimised for each batch of bitumen. A foaming
additive (satisfactory performance has been observed by Inter-foam and Terric 311) may be required
to foam the bitumen; additional foaming trials will be required to determine the optimum addition rate
for the foaming additive.

6.4.4 Water

Where other water is used, such as site water, dam water and so on, it shall conform with the
requirements in Technical Specification MRTS09 Plant-Mixed Pavement Layers Stabilised using
Foamed Bitumen, Clause 6.3 Water.
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6.4.5 Resilient modulus

The resilient modulus is determined by performing a resilient modulus test on a minimum of
three specimens prepared at a single bitumen and lime content. These are usually prepared at
70% OMC, with 3.0% bitumen content and lime content between 1.5-2.0% as detailed in Test
Method Q138A.

A standard curing and testing regime is undertaken as detailed in Test Method Q135C and the
specimens are then tested as detailed in Test Method Q139 to determine the initial modulus,
three-day cured modulus and three-day soaked modulus. The compacted density and moisture
content of the specimens may be determined as detailed in Test Method Q147B.

6.4.6 Analysis

If the results obtained from the resilient modulus testing conform with the requirements of the Guide to
Pavement Technology Part 4D: Stabilised Materials, Austroads in Table 5.9, then the host material
can be stabilised using the moisture condition, bitumen content and lime content from Section 6.4.5.

6.4.7 Optimisation

For large projects, it may be worthwhile to adjust the bitumen and lime contents to find an optimal
bitumen / lime content.

6.4.8 Allowable working time

The allowable working time for plant-mixed materials is eight hours as detailed in Technical
Specification MRTS09 Plant-Mixed Pavement Layers Stabilised using Foamed Bitumen, Clause 8.6
Allowable working time unless specified in the annexure to this Technical Specification.

6.5 Production testing — compliance

Undertake product testing to ensure compliance with the specification for properties such as bitumen
content, hydrated lime content and relative moisture ratio using the test methods in Table 6.5.

Table 6.5 — Test methods used for production compliance

Property Test Method Title
Reference density Q142A Dry density-moisture relationship (standard
compaction)
Q144A Assignment of MDD and optimum moisture content
for soils and crushed rock
Relative moisture ratio Q250 Relative moisture content of soils and crushed rock
Allowable working time Q136B Working time for stabilised materials

6.5.1 Lime content

For plant-mixed materials, the lime content is controlled using load cells on the lime bins to measure
the amount of lime added to the material.

6.5.2 Bitumen content

For plant-mixed materials, control of the bitumen content using flow meters to measure the amount of
bitumen added to the material is allowed in the Technical Specification.
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6.5.3 Moisture content of feed stockpile and stabilised material

Monitoring and adjustment of the moisture content of the feed stockpiles and stabilised material
stockpiles is critical to the performance of the final pavement.

The relative moisture ratio of the feed stockpile and stabilised material stockpile should be in the range
specified in as detailed in Technical Specification MRTS09 Plant-Mixed Pavement Layers Stabilised
using Foamed Bitumen, Clause 8.9.6 Relative Moisture Ratio of Feed Stockpiles (RMR FSP) or
Clause 9.8 Relative Moisture Ratio Foamed Bitumen (RMR FB) respectively.

6.5.4 Reference density

Measure the reference density using the traditional dry density-moisture relationship test. Complete
the sampling and compaction of the reference density sample before the allowable working time for
the material has elapsed.

The plant-mixed stabilised materials are uniform, which allows the use of testing regime using an
assigned reference density. Such testing involves taking a sample from the quarry stockpile and
adding the target additive content to the materials and determining a reference density. An initial value
based on the average of six tests is used. This is then updated every 10,000 tonnes using one new
test and calculating a rolling average.

If this is not possible, employ a testing regime of one-for-one testing. Such testing involves taking a
sample of uncompacted material from each insitu density location and determining a reference
density.

6.6 Production testing — verification

Undertake testing to verify that particular design parameters such as resilient modulus are in
compliance, and where necessary fine-tune the design and production processes using the test
methods in Table 6.6.

Table 6.6 — Test methods used for verification

Property Test Method Title
Resilient modulus Q139 Resilient modulus of stabilised material — indirect
tensile method
Q138B Preparation and compaction of field mixed foamed
bitumen stabilised material
Q135C Curing moulded specimens of foamed bitumen
stabilised material
Compacted density and | Q147B Compacted density of stabilised material — vacuum
moisture content saturation

6.6.1 Field modulus

The resilient modulus test provides additional information on expected field performance relative to
design. Mould the field mixed material at field moisture content as detailed in Test Method Q138B.
Cure the moulded specimens under standard conditions prior to testing as detailed in Test

Method Q135C. Test the specimens as detailed in Test Method Q139 to determine the initial modulus,
three-day cured modulus, three-day soaked modulus, seven-day cured modulus, seven-day soaked
modulus, 14-day cured modulus and 14-day soaked modulus. The compacted density and moisture
content of the specimens may be determined as detailed in Test Method Q147B.
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When sampling and making resilient modulus specimens in the field, assume the insitu moisture
content will be close to the target moisture content of the material. If not, then the achieved dry density
and dry density ratio will vary from the design; therefore, care is required in interpreting these results.

6.7 Field testing — compliance

Undertake field testing to ensure compliance with the specification for properties such as relative
moisture ratio and relative compaction are achieved using the test methods in Table 6.7.

Table 6.7 — Test methods used for compliance

Property Test Method Title
Compacted density Q141A Compacted density of soils and crushed rock (nuclear
gauge)
Q141B Compacted density of soils and crushed rock (sand

replacement)

Relative Compaction Q140A Relative compaction of soils and crushed rock

6.7.1 Compacted density and reference density

Use nuclear gauge technique for cement modified / stabilised materials provided a wet density and
moisture content bias is determined as detailed in the Nuclear Gauge Testing Manual. Use of the sand
replacement test for measuring insitu density is an alternative, but it is more destructive to the finished
pavement.

7 Testing of materials for lime stabilisation

7.1 Introduction

This section outlines the process for:

a) sampling and characterising host soil

b) design procedure to determine the relationship between unconfined compressive strength and
stabilising agent content, and

c) measuring the properties of lime treated materials in the field.
This section supports the application of the following departmental documents:
¢ MRTSO7A Insitu Stabilised Subgrades using Quicklime or Hydrated Lime
e MRTS23 Supply and Delivery of Quicklime and Hydrated Lime for Road Stabilisation, and
e Pavement Rehabilitation Manual, Section 4.9.7.
7.2 Background

Insitu treatment of clay subgrades is a mobile process, during which lime, which has been either
previously hydrated or hydrated on site by adding water (slaking) into a subgrade, is mixed with a
purpose-designed road recycler to increase subgrade strengths. This may be done to modify the
subgrade (that is, usually achieve a temporary strength gain) or it may be added to stabilise it (that is,
achieve a permanent increase in strength). In the case of the latter, sufficient lime must be added to
ensure that these strength gains are permanent.
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The summary of the categories and characteristics of the various types of stabilised materials typically
adopted by Transport and Main Roads are shown in the Guide to Pavement Technology Part 4D:
Stabilised Materials, Austroads, Table 2.1.

For modification, the changes to soil properties result from an initial ionic exchange that results in
flocculation of the clay particles. Modification occurs with addition of relatively low amounts of lime to a
soil. This will have a dramatic effect on the soil and improve workability and increased shear strength.
It will, however, increase the permeability of the soil.

For stabilisation, adding increased amounts of lime produces a pozzolanic reaction between the silica
and alumina in the clay minerals and the calcium hydroxide in the lime. Permanent and ongoing
reactions occur when sufficient lime is added: these reactions produce a flexible layer with decreased
permeability and a significant increase in shear strength.

For further details, refer to Section 4.9.7 of the Pavement Rehabilitation Manual.
7.3 Sampling and characterisation

Sample the section under consideration at appropriate intervals to identify material properties and
uniformity using the sampling methods in Table 7.3. Use of a soil classification system such as the
unified soils classification system can assist in identifying the soil types.

For characterisation, bulk samples of 10-50kg will be required, depending on the maximum patrticle
size of the material. For mix design, an additional bulk sample of 70—90kg will be required.

Table 7.3 — Test methods used to sample materials

Property Test Method Title
Sampling — machine AS 1289.1.2.1 Sampling and preparation of soils —
excavated pit or trench disturbed samples

7.3.1 Classification

Undertake particle size distribution and Atterberg limits testing using test methods listed in Table 7.3.1
on the samples. Use the results of particle size distribution, Atterberg limits and visual classification to
classify the material sampled and to gain a preliminary assessment of the type of stabilisation suitable
samples tested. Refer to Guide to Pavement Technology Part 4D: Stabilised Materials, Austroads,
Table 2.4 for details. These results are also used to select representative samples for further testing.

Refer to Pavement Rehabilitation Manual, Section 4.9.7 and Technical Specification MRTSO07A Insitu
Stabilised Subgrades using Quicklime or Hydrated Lime, Clause 8.7.2 Removal and disposal of
material not suitable for stabilisation for more details.

Table 7.3.1 — Test methods used to classify materials

Property Test Method Title
Particle Size Distribution AS 1289.3.6.1 Particle size distribution of soil — wet
(Grading) sieving
AS 1289.3.6.3 Particle size distribution of soil —
hydrometer
Atterberg limits (Liquid limit, AS 1289.3.1.10r 3.1.2 Liquid limit of soil
plastic limit, plasticity index o o .
and linear shrinkage) AS 1289.3.2.1 and 3.3.1 Plastic limit and plasticity index of soil
AS 1289.3.4.1 Linear shrinkage of soil
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7.3.2 Deleterious materials

Testing for deleterious materials includes the determination of sulfate, organic content and ferrous
oxide contents using the test methods listed in Table 7.3.2. Organic matter interferes with the
hydration process as well as competing for available stabilising agent — water paste. Sulfates can also
interfere with pozzolanic reactions due to the formation of very expansive hydrates which, if formed,
after compaction and can result in heave. Ferrous oxide can also interfere with pozzolanic reactions;
however, there are no specific limits in the literature at this stage. Recent experience has indicated
that contents greater than 10% have a deleterious effect on stabilised materials. Seek advice for ferric
oxide values greater than 2%.

Materials must not exceed the deleterious materials limits shown in MRTSO07A Insitu Stabilised
Subgrades using Quicklime or Hydrated Lime, Table 6.1 Deleterious material limits.

Additionally, any new material incorporated into the works shall not have deleterious materials
exceeding the limits specified in Technical Specification MRTSO07A Insitu Stabilised Subgrades using
Quicklime or Hydrated Lime, Clause 6.1 New material to replace material not suitable for stabilisation.

Table 7.3.2 — Test methods used to identify deleterious materials

Property Test Method Title
Organic content Q120B Organic content of soil — loss on ignition
Sulfate content AS 1289.4.2.1 Determination of the sulfate content of a natural soil

and the sulfate content of the groundwater

Ferrous oxide (FeO) | In-house* Determination of ferrous iron by acid digestion

* Private analytical laboratories will use in-house methods based on classical techniques.

7.4 Mix design procedure

This procedure is used to establish the reactivity of the host soil with lime and to establish whether
pozzolanic reactions will occur to produce substantial strength. It is essential that long-term pozzolanic
bonds are formed and that the resulting soil matrix is sufficiently coherent to ensure long-term
durability. A densely bonded matrix is less susceptible to moisture, and has improved resistance to
carbonation, leaching of lime or erosion.

Use the design test methods in Table 7.4.

Table 7.4 — Test methods used for design

Property Test method Title
Lime demand Q133 Lime demand of soil
Unconfined Compressive Q115 UCS of stabilised materials
Strength (UCS) Q251A Preparation and compaction of laboratory mixed
stabilised materials
Q251C Preparation and compaction of soils
Q135A Addition of stabilising agents
Q135B Curing of moulded specimens of stabilised
materials
Capillary rise Q125D Capillary rise of stabilised material
Available lime AS 4489.6.1 Lime index — available lime
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7.4.1 Lime

Where required hydrated lime, conforming with the requirements of Technical Specification

MRTS23 Supply and Delivery of Quicklime and Hydrated Lime for Road Stabilisation, is to be used
exclusively in laboratory testing. Source the hydrated lime directly from suppliers. Do not use bagged
supplies from hardware stores / building suppliers, as the age and condition of the lime is unknown.
Instructions for the storage and use of lime are included in Section 8.

Obtain a certificate with the available lime index ( AL, ) from the supplier for the batch of lime. As an

alternative, sample the lime and forward the sample to a laboratory to determine the available lime
index. Forward the available lime index certificate, along with other results of testing for the mix design
procedure. This allows the lime content to be adjusted for a different quality of lime as detailed in
Technical Specification MRTSO7A Insitu Stabilised Subgrades using Quicklime or Hydrated Lime,
Clause 6.2 Stabilising agent.

Do not use quicklime in the laboratory because of safety concerns, and the need to exercise very tight
control over moisture during moulding. If complete hydration of the quicklime does not occur before
compaction, carbonation and localised expansion can occur.

7.4.2 Water

Where other water is used, such as site water, dam water and so on, it shall conform with the
requirements in Technical Specification MRTSO7A Insitu Stabilised Subgrades using Quicklime or
Hydrated Lime, Clause 6.3 Water.

7.4.3 Lime demand

Measure the quantity of lime required to satisfy cation exchange and short-term reactions using the
Lime Demand (LD) test. The lime demand is undertaken to obtain the minimum lime content and is not
the target content for the design process. In Figure 7.4.3, the lime demand value as defined in Test
Method Q133 is 4.0%.

Figure 5.4.3 — Lime demand curve
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There should be a significant lime demand. Obtaining lime demands of 2.0-2.5% is possible with
non-reactive materials (dry fine sand).

This test is a good starting point for determining the optimum lime content; however, it does not
establish whether pozzolanic reactions will occur to produce long-term strength gains.

7.44 UCS

Use the UCS to assess the reactivity of the host soil and select a lime content, which will ensure
long-term durability. Undertake UCS tests at a range of lime contents commencing with 0% lime.
Suggested lime contents are:

0, LD-2, LD, LD+2, and LD+4

The target conditions for compaction of the UCS specimens will be 97% MDD and 100% OMC for
subgrade materials. There is a significant influence by density of the strength of all compacted soil. A
1% reduction in relative compaction can reduce the UCS by 5%. Small density variations can easily
mask the effects of other variables such as lime content and curing conditions.

Since compacted density has a direct influence on UCS, variation in compaction moisture must be
limited. Suggested limits for achieved moisture content are:

Achieved moisture content = target moisture content £0.3 percentile units

A standard curing regime comprising moist curing at 23 + 2°C for 28 days has been adopted as
detailed in Test Method Q135B.

The lime / soil mixture should be conditioned using long-term conditioning (amelioration); that is,
where the lime / soil mixture is subjected to light compaction followed by overnight conditioning in an
airtight container, followed by break-up, mixing and compaction.

All specimens are to be tested using the standard UCS Test Method Q115.
7.45 Analysis

In order to establish the reactivity of the soil, compare the UCS at 0% lime to that of the lime demand
content and assess it against the following criteria.

Table 7.4.5 — Long term reactivity

Condition Reactive / Non-reactive
UCS at LD — UCS at 0% Lime <0.35 MPa non-reactive soil
UCS at LD — UCS at 0% Lime >0.35 MPa reactive soil

Non-reactive soils are generally not suitable for lime stabilisation. For reactive soils, plot the UCS data
versus lime content and determine the lime content corresponding to a UCS of 1.5 MPa which will be
the target stabilising agent (lime) content.

Where there is a range of lime contents corresponding to a UCS of 1.5 MPa, undertake capillary rise
testing at LD+2 and LD+4. Use the lime content with the slowest capillary rise as the target stabilising
agent (lime) content.
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7.4.6 Allowable working time

The allowable working time for lime-stabilised materials is 48 hours as detailed in Technical
Specification MRTSO07A Insitu Stabilised Subgrades using Quicklime or Hydrated Lime, Clause 8.4
Allowable working time unless specified in the annexure to this Technical Specification.

7.5 Field testing — compliance

Undertake field control testing to ensure that particular design parameters, such as lime content,
relative compaction and unconfined compressive strength are achieved using the test methods in
Table 7.5.

Table 7.5 — Test methods used for compliance

Property Test method Title

Spread rate Q719 Field spread rate of solid stabilising agents —
fabric mat

Compacted density Ql41A Compacted density of soils and crushed rock
(nuclear gauge)

Q141B Compacted density of soils and crushed rock

(sand replacement)

Reference density Q142A Dry density-moisture relationship (standard
compaction)

Relative Compaction Q140A Relative compaction of soils and crushed rock

Relative moisture ratio Q250 Relative moisture content of soils and crushed
rock

Allowable working time Q136A Working time for stabilised materials

7.5.1 Lime content

For insitu stabilisation, a simple mat test is used to measure stabilising agent spread rate. Place
one or more 1m2 mats to catch the discharge from the spreader. This test is suitable for both
powdered lime and lime slurries.

7.5.2 Compacted density and reference density

Use nuclear gauge technique for cement modified / stabilised materials provided a wet density and
moisture content bias is determined as detailed in the Nuclear Gauge Testing Manual. Use of the sand
replacement test for measuring insitu density is an alternative, but it is more destructive to the finished
surface.

Measure the reference density using the traditional dry density-moisture relationship test. Complete
the sampling and compaction of the reference density sample before the allowable working time for
the material has elapsed.

The inherent variability of insitu stabilised materials usually means the employment of a testing regime
of one-for-one testing. Such testing involves taking a sample from each insitu density location and
determining a reference density.

7.5.3 Moisture content of stabilised material

Monitoring and adjustment of the moisture content of the stabilised materials is critical to the
performance of the finished subgrade.
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The moisture ratio of the stabilised material after the final wet incorporation of stabilising agent pass
but before compaction should be in the range specified in Technical Specification MRTSO07A Insitu
Stabilised Subgrades using Quicklime or Hydrated Lime, Clause 8.8 Product standards.

As a minimum frequency, the relative moisture ratio of stabilised materials is assessed at each test
location for compaction tests.

7.6 Field testing - verification

Undertake testing to verify that particular design parameters, such as UCS are achieved using the test
methods in Table 7.6.

Table 7.6 — Test methods used for verification

Property Test method Title
Field UCS Q115 UCS of compacted materials
Q251B Preparation and compaction of field mixed
stabilised materials
Q135B Curing of moulded specimens of stabilised
materials

7.6.1 Field UCS

The UCS test provides additional information on expected field performance relative to design. Mould
the field mixed material at field moisture content using standard compaction effort. Cure the moulded
specimens under standard conditions prior to testing.

When sampling and making UCS specimens in the field, it is assumed the insitu moisture content will
be close to the optimum moisture content of the material. If not, then the achieved dry density and dry
density ratio will likely be well below the target. This will mean the UCS results for the samples will be
lower than the target due to the moisture and density being lower than the targets; therefore, care is
required in interpreting these results.

8 Storage of additives in the laboratory

8.1 Lime

8.1.1 Importance of proper storage

The term ‘lime’ is used to describe two different products, ‘quicklime’ (CaO) and the hydrated form
‘Hydrate’ (Ca(OH),). Quicklime is normally in a pebble or granular form while hydrate is a fine white
powder. Each of these will react with products in the atmosphere and degenerate with age. With
proper handling, the degeneration can be held to a minimum. It is important to keep all lime dry and in
airtight containers. If lime is exposed to moisture or CO,, the following reactions can occur.

CaO + H,0 -> Ca(OH),
Ca(OH), + CO, -> CaCOs3
8.1.2 Storage
It is best to obtain no more than a one to two month supply of lime at a time.

Upon receipt, the total supply should be transferred from bags into airtight 'stock’ containers;
Ergotainers are recommended. The date received should be marked on each container.
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It is helpful to 'tap’ the full containers on the ground to achieve some degree of lime settling. This
compaction will help limit atmospheric exposure of the lime below the surface.

A smaller 'lab’ container is needed to hold the lime used in day-to-day testing.

The lab container must also be airtight and should hold a one to two week supply. The use of a lab
container avoids exposing the lime supply to the atmosphere and limits the number of times a stock
container must be opened. The stock container only needs to be opened a couple of times a month
rather than daily.

These care measures are important for both quicklime and hydrate. The presence of moisture
catalyses carbonation, so it is especially important for hydrate, which inherently contains moisture.

Lime in the stock container should be discarded 12 weeks after it is received.
8.1.3 Use/sampling

Each time lime is transferred from the stock container to a lab container the top 10—-20mm of lime in
the stock container should be discarded. When lime is added to the lab container the date should be
marked on the container.

Before each testing job, the top 10—-20mm of lime should be discarded from the lab container.

Prior to transferring lime from the stock container to the lab container, all lime remaining in the lab
container should be discarded.

No container should be left open when not being used. If the lab container is to be unused for more
than 10 minutes, close it tight.

Lime in the lab container should be discarded if it has been in the lab container for more than 14 days.

If care is taken to follow these storage methods, and stock is rotated often, the lime quality should
remain at acceptable levels.

8.2 Cement
8.2.1 Importance of proper storage

The term 'cement’ is used to describe General Purpose Portland cement or GP cement. It can also
mean other forms of cementitious blended materials, consisting of combinations of pozzolanic material
and cement and/or lime. Cement will react with moisture in the air and hydrate; this will reduce the
efficacy of the cement with age. With proper handling, the hydration can be held to a minimum. It is
important to keep cement dry and in airtight containers.

8.2.2 Storage
It is best to obtain no more than a one to two-month supply of cement at a time.

Upon receipt, the total supply should be transferred from bags into airtight 'stock’ containers;
Ergotainers are recommended. The date received should be marked on each container.

It is helpful to 'tap’ the full containers on the ground to achieve some degree of cement settling. This
compaction will help limit atmospheric exposure of the cement below the surface.

A smaller 'lab’ container is needed to hold the cement used in day-to-day testing.

The lab container must also be airtight and should hold a one to two-week supply. The use of a lab
container avoids exposing the cement supply to the atmosphere and limits the number of times a

Materials Testing Manual — Part 2, Transport and Main Roads, March 2021 38



Application

stock container must be opened. The stock container only needs to be opened a couple of times a
month rather than daily.

Cement in the stock container should be discarded 12 weeks after it is received.
8.2.3 Use/sampling

Each time cement is transferred from the stock container to a lab container the top 10—20mm of
cement in the stock container should be discarded. When cement is added to the lab container the
date should be marked on the container.

Before each testing job, the top 10-20mm of cement should be discarded from the lab container.

Prior to transferring cement from the stock container to the lab container, all cement remaining in the

lab container should be discarded.

No container should be left open when not being used. If the lab container is to be unused for more
than 10 minutes, close it tight.

Cement in the lab container should be discarded if it has been in the lab container for more than
14 days.

If care is taken to follow these storage methods, and stock is rotated often, the cement quality should

remain at acceptable levels.
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Department of Transport and Main Roads

Test Method Q020: Calculation of characteristic value of a lot

1 Source

This method is based on the process for calculation of characteristic value as detailed in Department
of Transport and Main Roads Technical Specification MRTSO0L1 Introduction to Technical
Specifications.

2 Scope

This method provides a means for calculating a characteristic value determined by the analysis of
several individual test results, tested using the same methods, using a statistical process. The
characteristic value may then be used to determine the compliance of a product.

3 Procedure

The procedure shall be as follows:

3.1 Perform the requested tests, using the same test methods, as detailed in the specified test
methods (Notes 6.1, 6.2 and 6.3).

3.2 Use the acceptance constant from Table 12(a) or Table 12(b) of MRTSO01 Introduction to
Technical Specifications unless otherwise specified.

3.3 Using the calculated values perform the calculations detailed in Section 4.

4 Calculations
Calculations shall be made as follows:

4.1 Calculate the mean of the individual test results as follows:

Xavziznlxi
)

where X., = mean of the individual test results for i=1, 2, 3,..., n
n = number of test results
X _theindividual test result for i=1, 2, 3,..., n

4.2 Calculate the standard deviation of the individual test results as follows:

where S = standard deviation of the individual test results for i=1, 2, 3,..., n
= number of test results

the individual test result for i=1, 2, 3,..., n

X X 3
I

= mean of the individual test results
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Test Method Q020: Calculation of characteristic value of a lot

4.3
43.1

where

4.3.2

where

5.1

5.2

5.3

5.4

Calculate the characteristic value using the appropriate method as follows:

For a minimum limit:

CV=X,,-ks
cv = characteristic value
X, = mean of the individual test results
k = an acceptance constant dependent upon the number of tests
S = standard deviation of the individual test results

For a maximum limit:

CVv=X,+Kks
cVv = characteristic value
Xy = mean of the individual test results
k = an acceptance constant dependent upon the number of tests
S = standard deviation of the individual test results
Reporting

The following shall be reported:

Report the following values rounded to a number of significant figures which exceeds by one
that normally reported for the individual test results:

a) mean of the individual test results, and
b) standard deviation of the individual test results.

Report the characteristic value of the individual test results to the same rounding normally
applied to individual test results (refer to MRTSO01 Table 12(c)).

Report the following additional values:

a) number of individual tests, and

b) acceptance constant (k) used to the nearest 0.001.

Report the following additional information:

a) source of the acceptance constant (k) used, for example MRTS01 Table 12(a)

b) identification of the specification requiring the reporting of the characteristic value of the
individual test results

c) statement identifying use of unrounded data in calculation of characteristic value, and

d) the number of this test method, that is Q020.
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6 Notes on method

6.1 This method is usually applied to the results of Test Methods AS 1289.5.4.1, AS 1289.5.7.1,
Q140A, Q146 and Q311.

6.2 For example, when determining the relative compaction or voids of asphalt, the method used
to determine the compacted density may be one of AS/NZS 2891.9.2, AS/NZS 2891.9.3,
Q306B, Q306C, Q306D or Q306E.

6.3 Where Test Method Q306B or AS/NZS 2891.9.2 is used initially to determine the relative
compaction of asphalt but is subsequently found not to be applicable to one or more samples
due to excessive water absorption, a combination of test results from Test Methods
AS/NZS 2891.9.2, Q306B, and Q306C may be used.
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Test Method Q050: Random selection of sampling or test locations

1 Source

This method applies the principles of AS 1289.1.4.1: Selection of sampling or test sites — Random number
method and AS 1289.1.4.2: Selection of sampling or test sites — Stratified random number method. The
principles within these methods have been modified and enhanced to provide procedures which better
suit local methodology and practices.

2 Scope

This method describes the procedure for establishing sampling locations, sampling intervals or test
locations within a lot, which has been defined in terms of mass, volume, area or batches, using
random selection techniques. The method contains procedures which allow locations or intervals to be
selected using either Random Sampling or Random Stratified Sampling. These procedures ensure
that samples or tests are taken at locations or intervals which are distributed within a lot in such a way
that bias is removed from the selection process.

3 Application

3.1 Where the procedure for the selection of sampling and test locations is not specified in the
appropriate specification, sampling plan or test method, the following shall apply:

a) random stratified sampling procedures will be used for the selection of all sampling
locations, sampling intervals or test locations, and

b) stockpiles, windrows or heaps are to be sampled using random stratified sampling
described in Subsection 8.2: Selection of Location — Available Perimeter.

3.2 Where the process for re-sampling or re-testing a lot is not specified in the appropriate
specification, the following shall apply:

a) new sampling or testing locations will be determined for the entire lot, that is, no original
sampling or testing locations will be used.

4 Apparatus
The following apparatus is required:

4.1 Tape measure, wheel meter, and staff and level as required.

4.2 Marking system, suitable marking equipment appropriate for the lot under consideration (for
example, spray paint, flagging tap or pegs).

5 Lot size and sampling or testing frequencies

5.1 Determine the size or extent of the lot, together with the number of samples or tests to be
taken, using the specification, sampling plan or test methodology as appropriate.

5.2 Where more than one representative sample is to be taken, divide the lot into the same
number of approximately equal size sub-lots (Note 11.1). Mark the boundaries of each sub-lot
using a suitable marking system.
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6.2

7.1
711

7.2
7.21
7.2.2

7.3

8.1
8.1.1

Random numbers

Obtain a listing of sequential random numbers using either:

a) using the procedure detailed in Test Method AS 1289.4.1 Clause 3.1, or
b) using the procedure detailed in Test Method AS 1289.1.4.2 Clause 3.1.
Each random number shall be used for the calculation of only one:

a) longitudinal, lateral or vertical coordinate

b) position on the perimeter of a lot or sub-lot, or

c) sampling or testing interval.

Random sampling
The procedure for random sampling shall be as follows:
Selection of location — available area

Determine the extent of the area within the lot or sub-lot which is available for sampling or
testing by referring to the specification, sampling plan or test methodology as appropriate
(Note 11.3).

Select the random location within an available area as detailed in Test Method AS 1289.1.4.1
using the technique in Clause 3.2.

Selection of location — available perimeter
Measure the accessible perimeter of the lot or sub-lot (Notes 11.4 and 11.5).

Select the random location within an available perimeter as detailed in Test Method
AS 1289.1.4.1 using the technique in Clause 3.2.

Selection of location — interval

Select the random location within an interval as detailed in Test Method AS 1289.1.4.1 using
the technique in Clause 3.3.

Random stratified sampling

The procedure for random stratified sampling shall be as follows:

Selection of location — available area

Determine the extent of the area within the lot or sub-lot which is available for sampling or
testing by referring to the specification, sampling plan or test methodology as appropriate
(Note 11.3).

Select the random stratified location within an available area as detailed in Test Method
AS 1289.1.4.2 using the technique in Clauses 3.2 to 3.4.
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8.2 Selection of location — available perimeter
8.2.1 Measure the accessible perimeter of the lot or sub-lot (Notes 11.4 and 11.5).

8.2.2 Select the random stratified location within an available perimeter as detailed in Test
Method AS 1289.1.4.2 using the technique in clauses 3.2 to 3.4.

8.3 Selection of location — interval
Select the random stratified location within an interval as detailed in Test
Method AS 1289.1.4.2 using the technique in Clause 3.5.
9 Records
The following shall be recorded:
9.1 Date of sampling/testing.
9.2 Random numbers used.
9.3 Longitudinal, lateral and, if required, vertical coordinates of each sampling/test site.

9.4 Position on the perimeter of each sampling/test location.

9.5 Quantity of material produced, processed, batched or loaded at which a sample/test is taken.

9.6 Lot identification, sub-lots, field sample numbers, increment numbers.

9.7 Name of sampler.

9.8 Specific sampling procedure used with reference to the relevant sub-section of this method.

9.9 For selection of locations by available area or perimeters, a dimensioned plan of the lot/sub-

lots showing sample increment locations together with points of reference and, where

appropriate, sub-increment locations.

9.10  Any other relevant information.

10 Reporting
The following shall be reported:
10.1  Date of sampling/testing.

10.2  Longitudinal, lateral and, if required, vertical location of each sampling/test site.

10.3  Quantity of material produced, processed, batched or loaded at which a sample/test is taken.

10.4 Lot identification.

10.5  Specific sampling procedure used with reference to the relevant sub-section of this method.

10.6  The number of this test method, that is Q050.
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11 Notes on method

11.1  The sample increments for each representative sample are taken randomly throughout a
particular sub-lot in the same way that spot samples and tests are taken throughout a lot.

11.2  For compaction lots when exclusions have not been specified, exclude any parts of the lot or
sub-lot which are within 200 mm of any top edge or construction joint.

11.3  Itis not always possible to obtain free access to all sides of some lots or sub-lots (for example,
a stockpile lot). In such cases, determine the combined accessible length.

11.4  For windrows, it is only necessary to measure the length of each lot or sub-lot.
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Test Method Q060: Representative sampling of soils, crushed rock and
aggregates

1 Source

This method applies the principles of AS 1141.3.1: Sampling — Aggregates while including additional
techniques for the sampling of materials both in motion during production and when stationary.

2 Scope

This method describes the procedures for obtaining representative samples of soils, crushed rock and
aggregates having a nominal size up to 63 mm. The method is applicable to produced materials in
motion on a conveyor belt or at the point of discharge, as well as stationary materials contained within
a stockpile, truck, bin, heap or windrow. The method may not be applicable to circumstances where
spot sampling techniques are more appropriate (for example where determining stockpile
segregation).

3 Application

Generally, it is preferable to sample produced materials when in motion prior to or during discharge.
However, this may not be safe or practical for all such circumstances and this approach is not
applicable for sampling non-processed materials or stationary produced materials. Adequate samples
can be obtained from stationary materials provided due care is exercised.

Consider each procedure for sampling moving or stationary material as contained within this method
to be of equal technical validity. Where a number of sampling options is available for a particular
situation, there is no hierarchy of preference and each procedure will provide an adequate
representative sample.

Consider the following limitations when selecting a sampling procedure:
e asampling tube can only be used for sampling free flowing fine grained material, and
e the use of hand tools to sample aggregates from a stockpile, heap or windrow is limited to
those aggregates having a nominal size of up to and including 28 mm.
4 Apparatus
The following apparatus is required:

4.1 Sample containers, woven sample bags or other suitable sealable containers that will prevent
fines loss. Airtight containers are required for moisture content samples. Containers are to be
of a size or so configured that their maximum capacity is approximately 20 kg.

4.2 Flat bottomed scoop or trowel and brush.

4.3 Loader, having a bucket with a capacity of at least 1 m3, capable of obtaining a slice of
material from the total height of the side of the stockpile under consideration in a single
movement (Note 13.1).

4.4 Excavator, having a bucket with a capacity of at least 1 m?, capable of reaching to the total
height of the stockpile.

4.5 Shovels:

451 Standard shovel, a standard square mouth shovel with raised sides having a blade of
approximate dimensions 300 mm length and 200 mm width.
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452

453

4.6

4.7
4.8
49

5.1

5.2

5.3

6.1

6.2

6.3

6.4

6.5

7.1

Posthole shovel, a square mouth posthole shovel having a blade of approximate dimensions
300 mm length and 200 mm width.

Farmer's shovel, with a minimised square mouth having a blade of approximate dimensions
300 mm length, 240 mm width and mouth width of 130 mm for coarse materials such as
railway ballast.

Sampling tube, consisting of a 75 mm to 100 mm diameter thin walled tube with an opening or
a series of openings in a straight line parallel to the longitudinal axis.

Digging tools such as a pick or crowbar.
Tape measure, wheel meter and staff and level as required.

Sample divider, complying with the requirements of AS 1141.2.

Definitions
For the purpose of this method the following definitions shall apply:

Sample Increment — The amount of material taken to form part of a sample. The number of
sample increments required to form a sample shall be at least five.

Sampling Interval — The mass or volume of material to be produced, processed or loaded
before a sample increment or a number of sub-increments is obtained.

Sampling Point — The position within a body of material, where a sub-increment is obtained for
combination with other sub-increments to form a sample increment. The term "sampling point”
is only used when material is taken from more than one position for a particular sampling
location or sampling interval.

Sampling procedure and locations

The procedure for selecting a sampling procedure and locations shall be as follows:

Taking into account the type of material to be sampled and the type and scope of testing,
select a sampling procedure which is appropriate for existing conditions and available
resources.

Determine the number of samples to be taken within the lot in accordance with the
requirements of the specification, sampling plan or testing methodology as appropriate.

Where more than one sample is required, divide the lot into the same number of
approximately equal sub-lots.

Determine the minimum mass of material for each sample increment or sub-increment from
Table 1 (Note 13.2).

Use random stratified sampling to determine sampling locations, or sampling intervals during
production, for each sample as detailed in Test Method Q050.

Sampling during discharge

The procedure for sampling during discharge shall be as follows:

Moving stream — mechanical cutter

Perform sampling from a moving stream using a mechanical cutter as detailed in Test Method
AS 1141.3.1 using the technique in Clause 7.
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7.2

7.3
7.3.1

7.3.2

7.3.3

7.3.4

7.4
741

7.4.2

7.4.3

744

Stopped conveyor belt

Perform sampling from a stopped conveyor belt as detailed in Test Method AS 1141.3.1 using
the technique in Clause 8.1.

Moving stream - loader bucket

At the predetermined sampling interval, have an authorised operator position a loader bucket
of at least 1 m? to capture the discharge of the plant.

Have the loader parked in a safe location away from other traffic with the bucket resting on the
ground.

Locate the highest point of the material and flatten the load by removing material to a depth of
at least 200 mm in order to form a level surface approximately 500 mm wide and 750 mm
long.

Obtain the required number of sample increments at uniformly distributed positions across the
surface of the layer. At each position undertake the following:

a) Insert the blade of the standard shovel vertically into the layer for the full depth of the
blade, then place the excavated material in the sample container (Note 13.3). If more
material is required, widen the hole helically by obtaining adjacent shovels-full of material
using the excavation technique described in this step.

b) Label or otherwise identify the sample container with the field sample number and the
increment number. The increment number has to include the number of sample
increments required for the sample. For example, 1/4 identifies the first sample increment
in four increments.

Moving stream - truck

At the predetermined sampling interval, have an authorised operator discharge at least 1 m? of
material into a truck. Have the selected truck parked in a safe location away from other traffic.

Gain access to the tray of the truck using a ladder or platform. Locate the longitudinal axis of
the load or, if the truck is loaded off-centre, the axis which passes through the highest points.

Locate the centre of the longitudinal axis. At this location, flatten the load by removing material
to a depth of at least 200 mm in order to form a level surface approximately 500 mm wide and
750 mm long.

Obtain the required number of sample increments at uniformly distributed positions across the
surface of the layer. At each position undertake the following:

a) Insert the blade of the standard shovel vertically into the layer for the full depth of the
blade, then place the excavated material in the sample container (Note 13.3). If more
material is required, widen the hole helically by obtaining adjacent shovels-full of material
using the excavation technique described in this step.

b) Label or otherwise identify the sample container with the field sample number and the
increment number. The increment number has to include the number of sample
increments required for the sample. For example, 1/4 identifies the first sample increment
in four increments.
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8.1

8.2

8.3

8.4
8.4.1

8.4.2

8.4.3

8.4.4

8.4.5

8.4.6

Sampling from formed stockpiles
The procedure for sampling from formed stockpiles shall be as follows:
Single layer formed stockpile — loader remove and mix

Perform sampling from a single layer formed stockpile by loader remove and mix technique as
detailed in Test Method AS 1141.3.1 using the technique in Clause 9.4.

Single layer formed stockpile — loader back blading

Perform sampling from a single layer formed stockpile using back blading as detailed in Test
Method AS 1141.3.1 using the technique in Clause 9.3.

Single layer formed stockpile — hand tools

Perform sampling from a single layer formed stockpile using hand tools as detailed in Test
Method AS 1141.3.1 using one of the techniques in Clause 8.4.

Multiple layer formed stockpile — excavator remove and mix

At a predetermined sampling location, expose a fresh face for the total height of the side of the
stockpile and at least to twice the width of the excavator bucket by dragging material down
with the excavator bucket. Dump the removed material on the stockpile at a location that will
not interfere with the sampling process.

Remove sufficient material from the total height of the fresh face using the technique
described in Step 8.4.1 to form a level mixing pad adjacent to the stockpile. The pad is to be of
sufficient area to accommodate material from the nominated sampling location and allow
uniform mixing.

Obtain material for depositing on the mixing pad by removing a uniform slice, at least one
excavator bucket wide, for the total height of the exposed face using the technique described
in Step 8.4.1. Deposit the material in the centre of the prepared mixing pad, ensuring that the
bucket discharge height is as low as possible.

Repeat Step 8.4.3 until sufficient material to allow uniform mixing is available on the mixing
pad.

Thoroughly mix the deposited material using a loader, working from various points around the
pad, ensuring that the material deposited on the pad is uniformly mixed. While it is acceptable
that some pad material may be included in the mixing process, terminate the sampling
exercise if the mixture becomes contaminated with foreign material from the stockpile floor.
Level the mixed material to form a layer approximately 500 mm thick above the mixing pad.

Obtain the required number of sample increments at uniformly distributed positions across the
surface of the layer and not less than 200 mm from the edge. If the surface of the levelled
material is rippled due to the loader bucket, remove sufficient material to expose a fresh and
level surface at each sampling position. At each position undertake the following:

a) Insert the blade of the standard shovel vertically into the layer for the full depth of the
blade, then place the excavated material in the sample container (Note 13.3). If more
material is required, widen the hole helically by obtaining adjacent shovels-full of material
using the excavation technique described in this step.

b) Label or otherwise identify the sample container with the field sample number and the
increment number. The increment number has to include the number of sample
increments required for the sample. For example, 1/4 identifies the first sample increment
in four increments.
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8.5

9.1

9.2
9.21

9.2.2

9.2.3

9.3

10

10.1

10.2

11

11.2

Multiple layer formed stockpile — loader remove and mix

Perform sampling from a multiple layer formed stockpile using loader remove and mix as
detailed in Test Method AS 1141.3.1 using the technique in Clause 9.4.

Sampling from heaps or windrows

The procedure for sampling from heaps or windrows shall be as follows:

Heap - hand tools

Perform sampling from heaps using hand tools as detailed in Test Method AS 1141.3.1 using
the technique in Clause 10.2.

Heap - sampling tube

At a predetermined sampling location, mark a sampling point on the side of the heap,
measured from the base. The point should not be within 200 mm of the base of the heap or
200 mm of the top of the heap (Note 13.4).

At the sampling point, obtain an increment to form a sample as follows:

a) Insert the tube horizontally into the side of the heap with the slot facing downwards.
Rotate the tube through 180°, then withdraw the tube. Place the material from the tube
into the sample container (Note 13.5).

b) Label or otherwise identify the sample container with the field sample number and
increment number. The increment number has to include the number of sample
increments required for the sample. For example, 1/4 identifies the first sample increment
in four increments.

Repeat Step 9.2.2 until the required number of sample increments, having similar quantities of
material, is obtained for each sample.

Windrow - hand tools

Perform sampling from heaps or windrows using hand tools as detailed in Test Method
AS 1141.3.1 using the technique in Clause 10.2.

Sampling from bins and trucks

The procedure for sampling from bins and trucks shall be as follows:

Bins

Perform sampling from bins as detailed in Test Method AS 1141.3.1 using the technique in
Clause 8.2.

Trucks

Perform sampling from trucks as detailed in Test Method AS 1141.3.1 using one of the
techniques in Clause 8.3.

Records

The following information shall be recorded on each sample container or on a tag affixed to
the container using a durable permanent marker (Note 13.6).

Date of sampling.

Material type.
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11.3
11.4
11.5
11.6
11.7
11.8
11.9
11.10

11.11

12

12.1
12.2
12.3
12.4
12.5
12.6
12.7

13
13.1

13.2

13.3

13.4

13.5

Source of material.

Nominal size (mm).

Sampling location including GPS reference if required.

Amount of material represented.

Lot identification, sub-lots, field sample numbers, increment numbers.

Name of sampler.

Specific sampling procedure used with reference to the relevant sub-section of this method.

For material in a stockpile, heap or windrow, a dimensioned plan of the lot showing sample
increment locations together with points of reference and, where appropriate, sub-increment
locations.

Any other relevant information.

Reporting

The following shall be reported:

Date of sampling.

Material type.

Source of material.

Sampling location.

Lot identification.

Specific sampling procedure used with reference to the relevant sub-section of this method.

The number of this test method, that is Q060.

Notes on method

Since the loader is capable of stockpiling to a height approximately 300 mm more than its
reach, it is acceptable to use the same loader for sampling as was used for stockpile
formation.

The number of increments, masses of sample increments and masses of samples are the
minimum requirements to obtain a representative sample. For particular testing programmes,
more increments and/or larger increment masses may be needed in order to obtain sufficient
representative material.

When sampling coarse materials such as rail ballast, the farmer’s shovel should be used. To
facilitate removal of aggregate, place the shovel mouth on the surface of the material to be
sampled. Stabilise the shovel by placing two hands on the upper half of the shovel handle and
one foot on the broad footing area on the top of the shovel head. Step up on the footing area
of the shovel head and, by placing the second foot together with the operator's jolting body
weight, drive the shovel home.

When sampling for moisture content, it is necessary to consider the likely moisture gradient
within the heap. Select additional sampling points in order to achieve a distribution which is
consistent with the cross-section of the heap.

For a moisture content sample, take all necessary precautions to prevent moisture loss both
during and following sampling.
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13.6  Sampling information may be recorded on a sampling log or worksheet provided there is a
clear and unambiguous link from the record to each container.

Table 1 — Sample increment masses

Nominal size 75 40 28 20 14 10 7 <5
(mm)
Minimum mass 10 6 5 4 3 2 2 1
(kg)
Table 2 - Sample masses
Nominal size 75 40 28 20 14 10 7 <5
(mm)
Minimum mass 50 30 25 20 15 10 10 5
(ka)
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Test Method Q061: Spot sampling of soils, crushed rock and aggregates

1 Source

This method was developed in-house using techniques evolved through internal departmental
investigations.

2 Scope

This method specifies the procedures for obtaining spot samples of soils, crushed rock and
aggregates of nominal size up to 63 mm from pavements, earthworks or the discharge of plant such
as pug mills.

This method does not cover sampling soils for environmental purposes or representative sampling of
lots or sub-lots. Representative sampling is covered by Test Method Q060.
3 Apparatus

Following is a comprehensive listing of apparatus required for this method. While some items
are common to all procedures, others are specific to particular procedures.

3.1 Sample containers which prevent fines loss. Airtight containers are required for moisture
content samples. Containers are to be of a size or so configured that their maximum capacity
does not exceed approximately 20 kg.

3.2 Flat bottomed scoop or trowel, broom and brush.
3.3 Shovels:

3.3.1 Standard shovel, a standard square mouth shovel with raised sides having a blade of
approximate dimensions, 300 mm length and 200 mm width.

3.3.2 Post hole shovel, a square mouth post hole shovel having a blade of approximate dimensions,
300 mm length and 200 mm width.

3.4 Hand digging tools such as a pick, crowbar or light electric hammer with variable speed
control.

3.5 Plant (Note 9.1):
a) bobcat with a profiling / milling head

c

)
b) excavator with a profiling / milling head
) profiler, or

)

d) insitu stabiliser.

3.6 Tape measure, wheel meter, and survey levelling equipment as required.

3.7 Sample divider, complying with the requirements of AS 1141.2.

3.8 Marking system, suitable marking equipment appropriate for the lot under consideration (for
example, spray paint, flagging tape or pegs).

4 Sampling location
The procedure for determining the number of samples and locations shall be as follows:

4.1 Determine the number of samples to be taken within the lot in accordance with the
requirements of the specification, sampling plan or testing methodology as appropriate.
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4.2

5.1
5.1.1

5.2
5.21

5.2.2

5.2.3

524

5.2.5

5.2.6

5.3

5.3.1

5.3.2

If not documented in the specification, sampling plan or testing methodology, use random
stratified sampling as detailed in Test Method Q050 to determine sampling location for each
sample.

Compacted layer of earthworks or pavement

The procedure for sampling from compacted layer of earthworks or pavement shall be as
follows:

General sampling — hand tools

Determine the quantity of material required for the testing programme, ensuring compliance
with the minimum sample mass requirements in Table 1.

At the predetermined sampling location, remove any foreign material, making a note of its
presence in the sampling record.

If not sufficiently loose, the layer shall be carefully loosened using suitable tools. Care should
be taken not to unnecessarily break down any discrete rock particles.

Excavate a hole with approximately vertical sides and a flat bottom to the full depth of the layer
being sampled. Ensure all loose material is recovered and that all material removed is retained
as the sample.

For a moisture content sample, take all necessary precautions to prevent moisture loss, both
during and following sampling. Ensure the sample container is sealed at the completion of
sampling.

Label or otherwise identify the sample container with the field sample number. Sampling
information may be recorded on a sampling log or worksheet provided there is a clear and
unambiguous link from the record to each container.

Reference density sample — sand replacement

Determine the quantity of material required, ensuring compliance with the minimum sample
mass requirements in Table 1.

Ensure the location for the sample and the surrounding surface is cleaned of loose density
sand and any other foreign material.

Enlarge the test hole to obtain sufficient compacted material to determine the laboratory
reference density. Ensure the enlarged hole is to the same depth as the sand replacement test
hole, the sides are approximately vertical and the bottom of the hole is flat.

If not sufficiently loose, the layer shall be carefully loosened using suitable tools. Care should
be taken not to unnecessarily break down any discrete rock particles.

Ensure all loose material is recovered and that all material removed is retained as the sample.

Label or otherwise identify the sample container with the field sample number. Sampling
information may be recorded on a sampling log or worksheet provided there is a clear and
unambiguous link from the record to each container.

Reference density sample and/or moisture content sample — nuclear gauge

Determine the quantity of material required, ensuring compliance with the minimum sample
mass requirements in Table 1.

Ensure the location for the sample and the surrounding surface is cleaned of loose sand and
any other foreign material.
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5.3.3 Locate the sampling position for the sample as shown in Figure 1.
5.3.4 Excavate a hole to one of the following depths:

a) The full depth of the layer where the sampled material is from a pavement or earthworks,
or

b) The depth used in the nuclear gauge measurement of wet density where the sampled
material is from earthworks and no layer depth is applicable.

5.3.5 Excavate a hole to obtain sufficient compacted material to determine the laboratory reference
density and/or moisture content. Ensure the excavated hole has approximately vertical sides
and a flat bottom.

5.3.6 If not sufficiently loose, the layer shall be carefully loosened using suitable tools. Care should
be taken not to unnecessarily break down any discrete rock particles.

5.3.7 Ensure all loose material is recovered and that all material removed is retained as the sample.

5.3.8 For a moisture content sample, take all necessary precautions to prevent moisture loss, both
during and following sampling. Ensure the sample container is sealed at the completion of
sampling.

5.3.9 Label or otherwise identify the sample container with the field sample number. Sampling
information may be recorded on a sampling log or worksheet provided there is a clear and
unambiguous link from the record to each container.

5.4 Sampling for stabilisation testing — plant excavation

Plant such as a bobcat or excavator with a milling/profiling head may be used to expose and
pre-treat earthworks or pavement intended for insitu stabilisation so that sampling may be
performed.

5.4.1 Determine the quantity of material required for the testing programme, ensuring compliance
with the minimum sample mass requirements in Table 1. Also determine if any material is to
be excluded from the sample such as sprayed surfacing, asphalt or stabilised patches.

5.4.2 Ensure the location for the sample and the surrounding surface is cleaned of loose material.

5.4.3 If the seal is not to be incorporated into the insitu stabilisation use the plant to remove the seal
before sampling.

5.4.4 Using the plant mill in lateral strips to the depth required by the stabilisation process.

5.4.5 Using a broom or shovel push any material outside the excavated strip back into the
excavation.

5.4.6 Repeat Steps 5.4.4 to 5.4.5 two more times to simulate three passes of an insitu stabiliser.

5.4.7 Recover the material from the strip to the full depth of the layer being sampled. Ensure all
loose material is recovered and that all material removed is retained as the sample.

5.4.8 Label or otherwise identify the sample container(s) with the field sample number. Sampling
information may be recorded on a sampling log or worksheet provided there is a clear and
unambiguous link from the record to each container.

6 Uncompacted layer of earthworks or pavement

The procedure for sampling from uncompacted layer of earthworks or pavement shall be as
follows:
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6.1.1

6.1.3
6.1.4

6.1.7

7.1
711

7.2
7.21

Determine the quantity of material required for the testing programme, ensuring compliance
with the minimum sample mass requirements in Table 1.

At the predetermined sampling location, remove any foreign material making a note of its
presence in the sampling record.

If required, level the surface using a shovel.

If not sufficiently loose, the layer shall be loosened using suitable tools. Care should be taken
not to unnecessarily break down discrete rock particles.

Excavate a hole with approximately vertical sides and a flat bottom to the full depth of the layer
being sampled. Ensure all loose material is recovered and that all material removed is retained
as the sample.

For a moisture content sample, take all necessary precautions to prevent moisture loss, both
during and following sampling. Ensure the sample container is sealed at the completion of
sampling.

For stabilised materials, mark or otherwise identify the location so additional testing may be
performed at the location after compaction is complete. Use of offset pegs and recording the
distance from the peg to the sampling location using measuring tape or wheel meter has been
found to be suitable.

Label or otherwise identify the sample container with the field sample number. Sampling
information may be recorded on a sampling log or worksheet provided there is a clear and
unambiguous link from the record to each container.

Sampling during discharge
The procedure for sampling during discharge shall be as follows:
Moving stream - loader bucket

At the predetermined sampling interval, have an authorised operator position a loader bucket
of at least 1 m® to capture the discharge of the plant.

Have the loader parked in a safe location away from other traffic with the bucket resting on the
ground.

Locate the highest point of the material and flatten the load by removing material to a depth of
at least 200 mm in order to form a level surface approximately 500 mm wide and 750 mm
long.

Obtain a sample from near the centre of the levelled surface using the standard shovel. Insert
the blade vertically into the surface for the full depth of the blade, then place the excavated
material into the sample container. If more material is required, widen the hole helically by
obtaining adjacent shovels-full of material using the excavation technique described in this
step.

Label or otherwise identify the sample container with the field sample number. Sampling
information may be recorded on a sampling log or worksheet provided there is a clear and
unambiguous link from the record to each container.

Moving stream - truck

At the predetermined sampling interval, have an authorised operator discharge at least 1 m?® of
material into a truck. Have the selected truck parked in a safe location away from other traffic.
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7.2.2 Gain access to the tray of the truck using a ladder or platform. Locate the longitudinal axis of
the load or, if the truck is loaded off-centre, the axis which passes through the highest points.

7.2.3 Locate the centre of the longitudinal axis. At this location, flatten the load by removing material
to a depth of at least 200 mm in order to form a level surface approximately 500 mm wide and
750 mm long.

7.2.4 Obtain a sample from near the centre of the levelled surface using the standard shovel. Insert
the blade vertically into the surface for the full depth of the blade, then place the excavated
material into the sample container. If more material is required, widen the hole helically by
obtaining adjacent shovels-full of material using the excavation technique described in this
step.

7.2.5 Label or otherwise identify the sample container with the field sample number. Sampling
information may be recorded on a sampling log or worksheet provided there is a clear and
unambiguous link from the record to each container.

8 Recording

Record the following information using a durable permanent marker on each sample
container, sampling log, worksheet or tag affixed to the container:

8.1 Date of sampling.

8.2 Name of sampler.

8.3 Material type.

8.4 Sampling location, including GPS reference if required.

8.5 Lot identification, field sample number and increment number.

8.6 Specific sampling procedure used with reference to the relevant section or sub-section of this
method.

8.7 Any other relevant information.

9 Reporting
The following shall be reported:
9.1 Date of sampling.
9.2 Material type.
9.3 Sampling location, including GPS reference if required.
9.4 Lot identification.

9.5 Specific sampling procedure used with reference to the relevant section or sub-section of this
method.

9.6 The number of this test method, that is Q061.

10 Notes on method

10.1  Generally, a bobcat will be used as the use of a profiler or insitu stabiliser will be impractical in
most situations.
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Table 1 — Minimum sample masses

Nominal size
(mm)

63

53

40

28

20

16

14

10

Minimum mass
(kg)

30

25

20

14

10

3.5

2.5

These sample masses are based on material with an apparent particle density of 2.65. The masses may need to
be adjusted for exceptionally heavy or light material to provide a sample of equivalent volume.

Figure 1 — Sampling location

A

~

B

N
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A: gauge probe access hole location (smaller circle).

B: location for reference density sample and/or moisture content

sample (larger circle).
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Test Method Q070: Dry coring of bound materials

1 Source

This method was developed in-house using techniques evolved through internal departmental
research investigations.

2 Scope

This method describes the procedure to obtain core specimens from stabilised materials such as soils
and crushed rock. The method is suitable for most lightly bound materials. However, difficulty may be
encountered if coring is attempted at an early age before substantial strength development has
occurred.

This method also describes the procedure for the preparation of the core specimens prior to testing. It
involves cleaning, separation and sectioning of the core specimen as appropriate.
3 Apparatus
The following apparatus is required:
3.1 Coring machine, consisting of:

a) Motor is to be equipped with a swivel assembly and hollow output shaft to allow air to flow
via the inside of the coring bit to the cutting face during operation.

b) Drill stand able to be held securely in position during coring by either using ballast,
applying a vacuum or engaging a mechanical locking device. The drill stand needs to
allow linear vertical movement of the coring bit.

3.2 Thin walled coring bit, capable of producing core specimens having a diameter complying with
the requirements of Table 1.

3.3 Core extraction equipment, including pincers with curved blades, a length of 20 mm diameter
rod and rubber mallet. The rod and mallet are to facilitate removal of cores retained within the
coring bit.

34 Mechanical compactor, such as an electric demolition hammer for the compaction of patching

material other than non-shrink grout. The compactor is to be equipped with a circular
compaction plate having a diameter similar to that of the core hole.

3.5 Vacuum extraction system, capable of removing expelled air and dust from the region of the
coring bit. The system should:

a) provide an adequate seal around the coring bit and with the surface to ensure removal of
dust

b) be fitted with high efficiency particulate air (HEPA) filters

c) include a detachable hose that can be fitted with a nozzle to allow removal of dust from
the surface and equipment.

3.6 Masonry saw.
3.7 Stiff wire brush.

3.8 Marking crayon.
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41
411
412

4.2

4.3
44

5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

5.9
5.9.1
5.9.2

Materials

The following materials are required:

Patching material, of a type which is compatible with the material being cored:
Concrete - non-shrink grout (Note 9.1).

Stabilised granular - fresh mixture of the material under test or a low strength non-shrink grout
(Note 9.1).

Compressed air, a continuous supply to remove cuttings from the cutting face and to cool the
coring bit.

Water-proof marker and plastic bags.

Bituminous emulsion for priming holes (asphalt patching only) (Note 9.1).

Sampling procedure
The procedure shall be as follows:

Select a coring bit which is suitable for the material being cored and which will provide
specimens with a diameter specified in Table 1. Carefully examine the selected bit to ensure
that it is not damaged or excessively worn. Out of shape bits, bits which rotate eccentrically or
bits without sufficient diamond matrix must not be used since they are prone to produce cores
which are irregularly shaped or fractured.

Assemble the coring machine and configure the machine to provide the appropriate rotational
speed (Notes 9.2 and 9.3).

Locate the coring bit centrally over the selected test site and adjust the drill stand so that the
coring bit is at right angles to the surface being cored.

Check the alignment of the bit by lowering it to the surface. Adjust the stand until the cutting
face makes full contact with the surface, then secure the drill stand into position.

Raise the coring bit, and then start the motor. Adjust the air flow to ensure there is sufficient air
return to flush fines from the cutting face and to cool the coring bit. Ensure the flow rate does
not exceed the capacity of the dust extraction system. Start the dust extraction system.

Lower the bit and bed it into the surface using slight downward pressure if necessary. Once
the bit is bedded, apply sufficient pressure to allow coring to proceed at a uniform rate without
clogging the bit or significantly reducing the speed of rotation. Monitor and adjust the air flow
to ensure there is sufficient air return to flush fines from the cutting face and to cool the coring
bit without exceeding the capacity of the dust extraction system (Note 9.4).

Continue coring until the full depth of the layer has been cored or, where the coring is to be
terminated partway through a layer, to a depth of at least 75 mm greater than that specified.

When coring is complete, raise the coring bit carefully from the hole and stop the motor and air
flow. Remove any dust from the surface with the dust extraction system.

Remove the core without damage as follows:
Where the core is sitting in the core hole, use the pincers to remove the core.

Where the core is still attached to its base, use the pincers to grip and support the core over
as much of its length as possible. Apply either a slight sideways pressure or a twisting action
to detach the core. A twisting action is preferred if the core is to be separated at a layer
interface.
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5.9.3 Where the core is retained within the coring bit, use the rubber mallet to gently tap the sides of
the bit to facilitate removal. If the core cannot be freed easily, remove the coring bit and use
the 20 mm rod to push the core from the threaded end of the coring bit.

5.10 Inspect the core to ensure that it is intact, of the required length, cylindrical in shape, free from
unwanted defects and that it has not been damaged or fractured during coring or extraction
(Note 9.5).

5.11 Discard any defective core and obtain a replacement core in close proximity to the nominated
site as detailed in Steps 5.4 to 5.11 (Note 9.6).

5.12 Label the core using a waterproof marker, and seal cores other than asphalt in plastic bags.
All cores are to be packaged and stored so that they are not damaged in transit nor subjected
to any artificial temperature conditions.

5.13 Reinstate the cored surface using an appropriate patching material as follows:
5.13.1 Concrete pavement
a) Remove loose fines from the hole using the vacuum system.

b) Mix and fully compact the patching material in accordance with the manufacturer's
instructions. Finish the surface flush with the cored surface and protect the patching
material from traffic and the environment until final set has occurred.

5.13.2 Stabilised granular pavement
a) Remove loose fines from the hole using the vacuum system.

b) Prepare a patching material by obtaining either fresh stabilised material, mix unbound
material with the stabilising agent or obtain a low strength low shrink grout.

c) Compact the patching material in 50-75 mm lifts using the mechanical compactor to fully
compact each layer.

d) Slightly overfill the hole so that the compacted patching material is at a height of
approximately 5 mm above the cored surface.

e) Use the mechanical compactor to form the patching material into a convex mound.

6 Preparation of specimens
Preparation of the core sample using the masonry saw shall be as follows:

6.1 Cut any base material, seal, tack coat or other foreign matter from the core sample using the
masonry saw, ensuring that as much of the sample as possible remains (Notes 9.5, 9.7 and
9.8).

6.2 Where the core sample is required to be sectioned or where different bound layers within the
core sample are required to be separated, perform the following procedure:

a) Cut the core sample at the required position(s) using the masonry saw (Notes 9.5 and
9.7).

b) Remove any loose material from the cut section(s) using the wire brush.

6.3 Mark the core sample or core sample sections as appropriate with an identification number.
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7 Records
The following information shall be recorded for each sample:
71 Date of sampling.
7.2 An identification number for each core.
7.3 Type of material.
7.4 Nominal size (mm).

7.5 The location of each core including a longitudinal (chainage) and a lateral (offset) reference.
Where appropriate, include a plan to show the location of each test site.

7.6 Manufacturer of material.
7.7 Name of sampler.

7.8 A description of each core in terms of general condition, defects and density appearance.

8 Reporting
The following shall be reported:
8.1 Date of sampling
8.2 Type of material.
8.3 Nominal size (mm).
8.4 The location of each core including a longitudinal (chainage) and a lateral (offset) reference.

8.5 Manufacturer of material.

9 Notes on method
9.1 Before handling any patching materials, the operator should consult the relevant SDS.

9.2 The appropriate rotational speed will vary for different coring machines. Typical speeds will be
in the range of 700 to 1000 rpm for 100 mm cores and 350 to 650 rpm for 150 mm cores.

9.3 When coring interlayers such as PMB seals, use the highest speed of rotation available.
9.4 Some common causes of defective cores are as follows:

a) Rounded edges on the upper surface are caused by poor coring bit seating or by a bit
which rotates eccentrically.

b) Irregular sides are a result of incremental change in the rotational plane of the coring bit
due to the use of a worn bit and/or excessive downward pressure during coring.

c) Loss of fines from the surface of weakly bound (stabilised) materials can be due to the
abrasive action of loose pieces of aggregate.

9.5 Should fines build up on the surface around the rotating bit, do not remove these with
compressed air. They should be removed using the dust extraction system.

9.6 Where the cutting depth of the saw blade is smaller than the diameter of the core sample, the
sample shall be rotated slowly during the cutting process.

9.7 Either compressed air or dry ice can usually be used to cool the saw blade. Where the core
specimen is to be tested for properties which may be affected by water penetration into the
sample, for example, compacted density, voids properties, cooling by dry ice is preferred.
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9.8 The intention is that all material not belonging to the bound layer is removed. This may result
in the loss of some of the bound layer. Where measurement of layer thickness is required,
such measurement will then need to be performed prior to cutting the core specimen.

Table 1 — Core diameter

Material/application Test Nominal size Core diameter
(mm) (mm)

Concrete* or stabilised UCS and density Aggregate > 20 150

material# Aggregate < 20 100# or 150

*It is preferred that concrete UCS specimens have a height to diameter (h/d) ratio of 2. Where the stipulated
diameter isn't practical for thin layers, cores having lesser diameters can be taken provided the diameter is
4 times the nominal maximum particle size and the h/d ratio is not less than 1.

#lt is preferred that stabilised material UCS specimens have a height to diameter (h/d) ratio of 1.15. Generally
100 mm diameter cores should always be taken provided the height diameter ratio is not less than 1.15 or greater

than 2.0.
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Test Method Q080: Sampling of bituminous binder

1 Source

This method is based on the Main Roads Western Australia Test Method WA 700.1: Sampling
procedures for bitumen and oils.

2 Scope

This method describes the procedure for sampling for testing purposes of bituminous binders
(including cutting or fluxing oils or combinations thereof) from bulk storage tanks, ship tankers, rail or
road tankers, sprayers, drums and pavements.

This method does not attempt to address all of the safety concerns, if any, associated with its use. The
user of this method is responsible for establishing appropriate occupational health and safety practices
that meet statutory regulations.

Exercise extreme caution when sampling hot binders, cutbacks or blends, as there is a severe risk of
injury due to burns or fire. Wear protective clothing when sampling. No smoking in the general vicinity
when sampling. Do not sample through an open hatch of a tank.

Install low pressure in-line sampling cocks on the suction side of a pump and never install on the
pressure side.

3 Apparatus

The following apparatus may be required depending on the procedure used for sampling:

3.1 Sample containers, minimum 1 litre capacity double-tight friction-top tins (Note 10.1).

3.2 Low pressure in-line sampling cock. An example is in MRWA Test method WA 700.1 Figure 1.

3.3 High pressure in-line sampling cock. An example is in MRWA Test method WA 700.1
Figure 2.

3.4 Weighted sampling bottle.

3.5 Core cutter with a diamond bit minimum 100 mm diameter, complete with air or water supply.
3.6 Flat trays, sample tins or clean bags for pavement samples.

3.7 Diamond or compound saw.

3.8 Sampling tools, for example, shovel or scoop.

4 Bulk storage - sampling during transfer or circulation
The procedure for sampling from bulk storage during transfer or circulation shall be as follows:

4.1 Perform sampling during transfer or circulation when material in storage tanks, rail or road
tankers, ship tankers, sprayers or is flowing through a pipeline or hose and a suitable in-line
sampling cock is available. For road tankers or sprayers, circulate the binder for a minimum of
15 minutes prior to sampling.

4.2 Select the quantity of material or duration of transfer that will constitute the sampled lot.
4.3 Determine the number of test samples required.

4.4 Take each test sample in accordance with Step 4.7 or 4.8.
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4.5

4.6

4.7
4.7.1
4.7.2

473

4.8
4.8.1
4.8.2

4.8.3

5.1

5.2

5.3

54

If only a representative value of a material property is required and not its variability, then
combine all test samples from a lot to give a single bulk sample provided the test samples are
of approximately the same size and the test property is not distorted by this procedure.

Label or otherwise identify the sample container with the field sample number and increment
number. The increment number has to include the number of sample increments required for
the sample. For example, 1/4 identifies the first sample increment in a total of four increments.

Sampling from other than spray bars
Fit a thoroughly clean and dry sampling cock in position (if not already fitted).

Open the sampling cock and discharge to waste about 4 litres of material to ensure there is no
contamination of subsequent samples.

Take each test sample by discharging material from the sampling cock into a clean container
taking care to avoid spillage (Note 10.2). Take a test sample of about 1 litre. Seal the
container as soon as possible after sampling.

Sampling from spray bars
This sampling can only be undertaken while the sprayer is stationary.

Place a container on the ground and carefully turn on the nozzle manually. Discharge to waste
about 4 litres of material to ensure there is no contamination of subsequent samples.

Take each test sample by discharging material from the spray bar by carefully turning the
nozzle on manually into a clean container placed on the ground taking care to avoid spillage
(Note 10.2). Take a test sample of about 1 litre. Seal the container as soon as possible after
sampling.

Bulk storage - sampling when there is no transfer or circulation

The procedure for sampling from bulk storage when there is no transfer or circulation shall be
as follows:

This section refers to sampling material from storage tanks, rail tankers, road tankers,
sprayers or mobile storage tanks when the material is not being transferred or circulated
through a pipeline or hose. The nature of bulk storage tanks only permits the use of spot
sampling. Sampling cocks fixed directly to the tank or its outlet may be used. The use of fixed
sampling cocks only allows a sample increment to be taken from material in the immediate
vicinity of the sampling cock. This material may not be representative of the contents of the
tank. Only use this sampling method where there are no other options for obtaining a test
sample.

Open the sampling cock and discharge to waste about 4 litres of material to ensure there is no
contamination of subsequent samples.

Take at least one sample increment for each test sample by discharging material from the
sampling cock into a clean container taking care to avoid spillage (Note 10.2). Take a test
sample of at least 1 litre. Seal the container as soon as possible after sampling.

Label or otherwise identify the sample container with the field sample number and increment
number. The increment number must also include the number of sample increments required
for the sample. For example, 1/4 identifies the first sample increment in a total of four
increments.
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6.1
6.2
6.3
6.4
6.5

6.6

6.7
6.7.1

6.7.2
6.7.3

6.8

6.8.1

6.8.2
6.8.3

7.1

7.2
7.3
7.4

7.5
7.6

Sampling from drums

The procedure for sampling from drums shall be as follows:

Perform random sampling from drums only when the material can flow easily.
Select the quantity of material that will constitute sampled lot.

Determine the required number of drums to sample.

Take each test sample in accordance with Step 6.7 or 6.8.

If only a representative value of a material property is required and not its variability, then
combine all test samples from a lot to give a single bulk sample provided the test samples are
of approximately the same size and the test property is not distorted by this procedure.

Label or otherwise identify the sample container with the field sample number and increment
number. The increment number must also include the number of sample increments required
for the sample. For example, 1/4 identifies the first sample increment in a total of four
increments.

Liquid Material

Agitate the drum to provide a single uniform sample then take a test sample or sample
increment using either a sampling cock, a sampling bottle or a pump.

Transfer the material to a clean container taking care to avoid spillage (Note 10.3).

Take a test sample of at least 1 litre and seal the container as soon possible after sampling
(Note 10.2).

Solid Material

Take a test sample or sample increment from a sample site at least 100 mm below the surface
and at least 100 mm from the side of the container. A clean hatchet may be used if the
material is hard enough to shatter or a broad stiff knife if the material is soft.

Transfer the material to a clean container.

Take a test sample of at least 1 litre and seal the container as soon as possible after sampling
(Note 10.2).

Sampling from pavements

The procedure for sampling from pavements shall be as follows:

This method is for the sampling of bitumen for pavement investigations. Cut the sample from
the pavement using a cutting disc, corer or manual tools such as crowbar or pick. This method
is not for sampling for quality control or quality assurance testing.

Determine the number of test samples required.
Determine the boundaries of the section to sample.

Take each test sample by cutting around the boundary of the sample site taking care to
ensure minimum disturbance of the slab. Use suitable cooling if required.

Cut the test sample to or beyond the full depth of the layer sampled.

Remove the test sample with the minimum disturbance of the slab and place in a clean
container. Sample sufficient material to satisfy the requirements of all proposed tests.
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7.7 Label or otherwise identify the sample container with the field sample number and increment
number. The increment number must also include the number of sample increments required
for the sample. For example, 1/4 identifies the first sample increment in a total of four
increments.

8 Recording

Record the following information using a durable permanent marker on each sample container,
sampling log, worksheet or tag affixed to the container:

8.1 Identification of storage vessel.

8.2 Date of sampling.

8.3 Name of sampler.

8.4 Material type, classification of binder.

8.5 Supplier.

8.6 Sampling location.

8.7 Lot identification, field sample number and increment number.

8.8 Amount of material represented.

8.9 Specific sampling procedure used with reference to the relevant sub-section of this method.

8.10  Any other relevant information.

9 Reporting

The following shall be reported:

9.1 Date of sampling.

9.2 Material type, classification of binder.
9.3 Sampling location.

9.4 Lot identification.

9.5 Specific sampling procedure used with reference to the relevant sub-section of this method.

10 Notes on method
10.1  New paint tins with handles are suitable.
10.2  Allow sufficient room for expansion or contraction of the material in the container.

10.3  To avoid contamination it may be necessary to discharge to waste the initial material
withdrawn.
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Test Method Q101: Preparation of disturbed samples

1

Source

This method was developed in-house using techniques evolved through internal departmental
investigations.

2

Scope

This method describes procedures for preparing samples of soil and aggregate as received from the
field for testing. The preparation procedures include breaking up of aggregations of fines and soil
clods, removal of coatings of fines from aggregate particles, crushing, separation by screening and
splitting out of representative subsamples. This method may also be applied to the preparation of
Winton Sandstone (Note 7.1).

3

3.1

3.2
3.3
3.4
3.5
3.6
3.7
3.8

3.9

3.10

4.1

Apparatus
The following apparatus is required:

Drying oven of suitable capacity, having a temperature of 45 - 50°C and conforming with
AS 1289.0.

Screen, 10 mm.

Sieves, 37.5 mm, 19.0 mm, 9.50 mm, 4.75 mm and 2.36 mm conforming with ISO 3310.
Sample preparation machine (shredder).

Sample preparation machine (mulcher).

Knife for slicing clay lumps.

Mixing apparatus, for example, shovel, scoop or trowel.

Cone and quartering equipment:

a) quartering cross (optional)

b) shovel, flat bottomed scoop or trowel, and

c) brush.

Sample containers which prevent fines loss. Airtight containers are required for moisture
content samples. Containers are to be of a size or so configured that their maximum capacity
does not exceed approximately 20 kg.

Suitable trays or containers for oven or air drying of subsamples.

Materials
The following materials are required:
Dispersing solution

e  Prepare a stock solution by dissolving 33 g of sodium hexametaphosphate (LR Grade)
and 7 g of anhydrous sodium carbonate (Na,CO3) (LR Grade) or 18.9 g of hydrated
sodium carbonate (Na,C0310H,0) (LR Grade) in distilled water to make one litre of
solution (Note 7.2). This stock solution is diluted to one-tenth strength for use as a
washing solution.
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4.2  This solution is unstable and is to be freshly prepared approximately once a month with the
preparation and expiry dates recorded on the container.

5 Preliminary sample preparation
Preliminary sample preparation shall be as follows:
5.1 Sample assessment

5.1.1 Assess the bulk sample to determine if it is in a free-flowing condition and contains any large
aggregations of fines or soil clods (Notes 7.3 and 7.4).

5.1.2 If the sample is free-flowing and contains no large aggregations, then conduct the preliminary
sample preparations as detailed in Subsection 5.3.

5.1.3 If the sample is not in an acceptable condition then precondition it as detailed in
Subsection 5.2 and prepare the preconditioned sample as detailed in Subsection 5.3.

5.2 Sample preconditioning

5.2.1 If the moisture content "as received" is required, combine and split by coning and quartering
the bulk sample as detailed in the appropriate subsection(s) in Test Method Q101A until the
required test subsample is obtained.

5.2.2 Test the subsample to determine its moisture content () as detailed in Test Method
AS 1289.2.1.1 or one of the subsidiary Test Methods AS 1289.2.1.2, AS 1289.2.1.4,
AS 1289.2.1.5 or AS 1289.2.1.6, for which a relationship with Test Method AS 1289.2.1.1 has
been established and used in accordance with Test Method AS 1289.2.3.1. Alternatively, seal
the subsample in an airtight container and test as detailed in Subsection 6.1 (Note 7.5).

5.2.3 Airdry or oven dry at 45-50°C the remaining material until a free-flowing condition is reached.
To facilitate drying, any clay lumps may be sliced prior to drying or shredded using a shredder
or mulcher.

5.2.4 Break up any large aggregations of fines or soil clods as detailed in the appropriate
subsection(s) in Test Method Q101D and mix back into the remainder of the sample.

5.2.5 For Winton Sandstone samples, screen the sample on a 2.36 mm sieve and remove coatings
of fines from the retained material by using the appropriate subsection(s) in Test
Method Q101D. Recombine the material retained on the 2.36 mm sieve with the material
passing the 2.36 mm sieve (Note 7.6).

5.3 Sample combination and splitting

5.3.1 Combine the bulk sample if necessary to form representative subsamples as detailed in the
appropriate subsection in Test Method Q101A (Note 7.5).

5.3.2 Estimate the approximate quantity of material required for the testing program from the
appropriate test method(s).

5.3.3 Further split the representative subsample(s) to provide subsamples for each test in the
testing program using the appropriate subsection in Test Method Q101B.

5.3.4  Air or oven dry the subsamples which require drying prior to further preparation or testing. Use
a temperature of 45-50°C for oven drying unless otherwise specified in the appropriate test
method.

5.3.5 Set aside subsamples which do not require drying for further preparation or testing.

Materials Testing Manual — Part 5, Transport and Main Roads, March 2021 20f6



Test Method Q101: Preparation of disturbed samples

5.4 Pretreatment
Where there is a requirement to simulate the material breakdown that will occur during the
construction process, pre-treat the subsample as detailed in Test Method Q101E (Note 7.7).
6 Test subsample preparation
Test subsample preparation shall be as follows:
6.1 Moisture content subsamples

6.1.1 Reduce the subsamples prepared as detailed Step 5.2.1 or Subsection 5.3 using the
appropriate subsection(s) in Test Method Q101B (Note 7.5).

6.1.2 Test the subsample to determine its moisture content (W) as detailed in Test
Method AS 1289.2.1.1 or one of the subsidiary Test Methods AS 1289.2.1.2, AS 1289.2.1.4,
AS 1289.2.1.5 or AS 1289.2.1.6, for which a relationship with Test Method AS 1289.2.1.1 has
been established and used in accordance with Test Method AS 1289.2.3.1.

6.2 Compaction subsamples

6.2.1 Screen the subsample prepared as detailed in Section 5 over a sieve (screening sieve) equal
in aperture size to the maximum particle size to be used in the test.

6.2.2 Break up aggregations of fines or soil clods and remove coatings of fines from the retained
material by using the appropriate subsection(s) in Test Method Q101D. Discard the clean
aggregate retained on the screening sieve (Note 7.8) and include the material passing the
screening sieve with the remainder of the sample.

6.2.3 Process the material passing the screening sieve to ensure that all aggregations of fines or
soil clods have been broken up and coatings of fines removed so that, if the subsample was
sieved on a 9.50 mm sieve, only discrete uncrushed particles would be retained (Notes 7.9,
7.10 and 7.11).

6.2.4 If necessary, combine all the material passing the screening sieve using the appropriate
subsection in Test Method Q101A.

6.2.5 Obtain test subsamples by further splitting or by fractionation as detailed in Test
Method Q101B or Q101C respectively.

6.2.6 Place the prepared test subsamples in airtight containers.
6.3 Coarse fraction subsample

Where the test requires subsamples containing uncrushed discrete particles retained on a
specified sieve, prepare the subsample as follows:

6.3.1 Screen the subsample prepared as detailed in Section 5 on the specified sieve (screening
sieve) and discard the material passing the sieve or keep separate for use in other tests if
required.

6.3.2 Break up any aggregations of fines or soil clods retained on the screening sieve using an
appropriate subsection in Test Method Q101D.

6.3.3 Re-sieve the material and discard the material passing or include with the passing material
from Step 6.3.1.

6.3.4 Reduce the retained material if necessary as detailed in Test Method Q101B.

6.3.5 Wash the subsample (Note 7.12).

Materials Testing Manual — Part 5, Transport and Main Roads, March 2021 30f6



Test Method Q101: Preparation of disturbed samples

6.3.6
6.3.7

6.3.8
6.4

6.4.1
6.4.2

6.4.3

6.4.4

6.4.5

6.4.6
6.5

6.5.1

6.5.2

6.5.3

6.5.4

6.5.5
6.5.6

6.5.7
6.6

6.6.1

6.6.2

Dry the subsample as specified in the appropriate test method.

Reduce the subsample as detailed in Test Method Q101B to obtain the required test
subsample(s).

Place the prepared test subsample(s) in an airtight container.
Fine fraction subsample

Where the test requires subsamples containing uncrushed discrete particles passing a
specified sieve, prepare the subsamples as follows:

Screen the subsample prepared as detailed in Section 5 on the specified sieve.

Break up all aggregations of fines and soil clods and remove coatings of fines from the
material retained on the sieve using the appropriate subsection in Test Method Q101D.

Re-sieve the material and discard the retained material or keep the retained separate to be
used in other tests if required.

Combine the material passing the specified sieve using an appropriate subsection in Test
Method Q101A.

Reduce the combined material as detailed in Test Method Q101B to obtain the required test
subsample(s).

Place the prepared test subsample(s) in an airtight container.
Specified fraction subsample

Where the test requires a specified fraction size or a combination of fraction sizes, prepare the
subsample as follows:

Screen the subsample prepared as detailed in Section 5 over the smallest sieve specified by
the fraction. Discard the passing material or keep separate to be used in other tests if
required.

Break up any aggregations of fines retained on the sieve using an appropriate subsection in
Test Method Q101D.

Re-sieve the material over the specified sieves and discard the material retained on the
largest sieve. Discard the material passing the smallest sieve or include with the passing
material from Step 6.5.1.

Wash the fraction(s) (Note 7.12).
Dry the fraction(s) as specified in the appropriate test method.

Reduce the fraction(s) as detailed in Test Method Q101B to obtain the required test
subsample(s).

Place the prepared test subsample(s) in an airtight container.
Crushed subsample
Prepare a crushed subsample as follows:

Crush the subsample prepared as detailed in Section 5 or Sections 5 and 6 to pass the
specified sieve using the appropriate subsection in Test Method Q101D (Notes 7.13 and
7.14).

Reduce the subsample as detailed in Test Method Q101B to obtain the required test
subsample mass.
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6.6.3

7.2

7.3

7.4

7.5

7.6

7.7

7.8

7.9

7.10
7.11

7.12

7.13

7.14

Place the prepared test subsample in an airtight container.

Notes on method

Winton Sandstone is defined in the Transport and Main Roads publication, Vanderstaay
A.G.B., “Material Sources in Western Queensland”, Western Queensland Best Practice
Guidelines — WQ33, May 2000.

Before handling hydrogen peroxide, concentrated hydrochloric acid, sodium
hexametaphosphate, anhydrous sodium carbonate, hydrated sodium carbonate, barium
chloride or anhydrous silica gel, the operator should consult the relevant SDS.

Remove all foreign matter such as roots and sticks from the material during processing. The
final report should detail any foreign matter found in the sample.

It is not necessary or desirable to dry the material before commencing preparation. In order to
reduce dust nuisance it is preferable that splitting be done on a moist sample. However, the
material should be sufficiently dry to obtain representative subsamples.

Prepare test subsamples for determination of moisture content "as received" to minimize any
moisture loss during the preparation.

Generally a mortar and pestle is the most suitable method of cleaning and grinding the Winton
Sandstone material retained on the 2.36 mm sieve.

For Winton Sandstone materials pre-treatment is required unless the sample is obtained from
a compacted pavement.

Particular test methods require that the mass of material retained on the screening sieve be
recorded and reported. For these methods, record the total mass of retained material and if
required, obtain a representative sample for moisture content determination in accordance
with Test Method AS 1289.2.1.1.

A sieve other than 9.50 mm may be used. However, an increased sieve aperture will result in
an increase in curing time. A decrease in aperture sieve will reduce curing time, but can
substantially increase preparation time.

For Winton Sandstone material a 2.36 mm sieve should be used.

When preparing moist subsamples which have low to medium plasticity, it is not necessary to
remove coatings of fines provided the particles are only lightly coated.

Most materials may be washed without the addition of a dispersing solution. However, soaking
in a solution of sodium hexametaphosphate (Calgon) may be necessary if the sample contains
highly plastic fines.

In order to reduce the preparation time when all of a subsample has been crushed to totally
pass a particular sieve listed in Table 1, a further subsample may be taken in accordance with
an appropriate subsection in Test Method Q101B. Crush this subsample to pass a smaller
sieve in Table 1. This process of progressive crushing and subsampling may be continued
until the required particle size is obtained.

For preparation of subsamples for chemical testing Test Method Q101F should be used.
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Test Method Q101: Preparation of disturbed samples

Table 1 - Minimum subsample mass

Maximum particle size in subsample* Minimum mass of subsample
(mm) (kg)
150 125
100 70
75 40
53 25
37.5 15
26.5 5
19.0 2
9.50 0.5
4.75 0.2
2.36 0.1
0.425 0.05

*Maximum particle size is identical with the size of the smallest sieve through which the material will pass.
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Test Method Q101A: Sample combination and splitting

1 Source

This method was developed in-house using techniques evolved through internal departmental
investigations.

2 Scope

Obtain representative subsamples by either total sample combination or lot combination. Perform total
sample combination when the bulk sample as received is 12 containers or less. Perform lot
combination when the bulk sample as received is more than 12 containers.
3 Apparatus

The following apparatus is required:

3.1 Increment containers, of a size or so configured that their maximum capacity does not exceed
approximately 20 kg.

3.2 Labels or tags and marking pens.
3.3 Sample divider (riffle), conforming with the requirements of AS 1141.2.
34 Rotary cone splitter.
35 Rotary sample divider
3.6 Cone and quartering equipment:
a) (quartering cross (optional)
b) shovel, flat bottomed scoop or trowel, and

c) brush.

4 Riffling
The procedure for riffling shall be as follows:
4.1 Total sample combination (refer to Figure 1)

4.1.1 Place a portion of the sample in a riffle box ensuring even distribution, hand placing large
particles if necessary (Note 7.1).

4.1.2  Split the sample by pouring the material at a uniform rate over the chutes of the riffle, ensuring
that no blockages occur and that any oversize particles are divided evenly between the
two receiving riffle boxes by hand.

4.1.3 If the two receiving boxes contain sufficient material, suspend riffling. Set the two receiving
riffle boxes aside, place two empty riffle boxes at the collection points and continue riffling.

4.1.4 Repeat Steps 4.1.1 to 4.1.3 until all the material has been split.

4.1.5 Keep all the material accumulated at each of the two collection points separate from each
other to form two sample increments.

4.1.6 Using the riffle, split each sample increment to produce two smaller sample increments, one at
each collection point. Keep these smaller sample increments separate from each other.

4.1.7 Repeat Step 4.1.6 until such time as the resulting sample increments each comprises only
one subsample (that is, one riffle box). The subsamples are now representative (Note 7.1).
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4.2 Lot combination
This procedure has the advantage of dividing the bulk sample into manageable lots or groups.

4.2.1 Sort the bulk sample as received into equal lots of similar volume (for example, a bulk sample
of 16 containers, 4 lots of 4 containers would be prepared and the containers labelled
accordingly).

4.2.2 Combine all of the material within a lot (for example, containers 1 to 4 of lot 1) as detailed in
Subsection 4.1.

4.2.3 Place the subsamples produced in the appropriately labelled containers, such that each
container contains the same number of sample increments.

4.2.4 Repeat Steps 4.2.2 and 4.2.3 for each of the remaining lots.

4.2.5 Obtain representative subsamples by combining an equal number of containers from each lot
as detailed in Subsection 4.1.

5 Rotary cone splitter
This device is suitable for material having a maximum patrticle size not exceeding 37.5 mm.
The procedure for splitting using a rotary cone shall be as follows:

5.1 Total sample combination (refer to Figure 2)

5.1.1 Place a portion of the sample in the hopper, taking care to ensure that there is no appreciable
segregation of material (Note 7.1).

5.1.2 Place an increment container at each collection point.
5.1.3 Rotate the receivers at a constant speed and allow the hopper to discharge in one operation.
5.1.4 Empty the contents of each receiver into its corresponding increment container.

5.1.5 Split all the material in accordance with Steps 5.1.1, 5.1.3 and 5.1.4. Each sample increment
is now representative.

5.1.6  Should smaller subsamples be required, repeat Steps 5.1.1 to 5.1.4 using one or more
complete sample increments prepared in Step 5.1.5.

5.2 Lot combination

This procedure has the advantage of dividing the bulk sample into easily managed lots or
groups.

5.2.1 Sort the bulk sample as received into equal lots of similar volume (for example, a bulk sample
of 48 containers, 4 lots of 12 containers would be prepared and the containers labelled
accordingly).

5.2.2 Combine all the material within a lot (for example, containers 1 to 12 of lot 1) as detailed in
Subsection 5.1.

5.2.3 Place the sample increments produced in the appropriately labelled containers such that each
container contains the same number of whole sample increments.

5.2.4 Repeat Steps 5.2.2 and 5.2.3 for each of the remaining lots.

5.2.5 Obtain representative subsamples by combining an equal number of containers from each lot
as detailed in Subsection 5.1.
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6 Rotary sample divider
This device is suitable for material having a maximum particle size not exceeding 37.5 mm.
The procedure for splitting using a rotary sample divider shall be as follows:

6.1 Total sample combination (refer to Figure 2)

6.1.1 Place a portion of the sample in the hopper, taking care to ensure that there is no appreciable
segregation of material (Note 7.1).

6.1.2 Place an increment container at each collection point.

6.1.3 Adjust the vibratory feeder tray, feed gap, vibration frequency and rotation speed in
accordance with the manufacturer's instructions. The feed gap will be set to three times the
maximum particle size of the sample.

6.1.4 Commence the discharge of material into the receivers. The receivers should rotate at a
constant speed until the discharge is completed.

6.1.5 Empty the contents of each receiver into its corresponding increment container.

6.1.6  Split all the material in accordance with Steps 6.1.1, 6.1.4 and 6.1.5. Each sample increment
is now representative.

6.1.7 Should smaller subsamples be required, repeat Steps 6.1.1 to 6.1.5 using one or more
complete sample increments prepared in Step 6.1.6.

6.2 Lot combination

This procedure has the advantage of dividing the bulk sample into easily managed lots or
groups.

6.2.1 Sort the bulk sample as received into equal lots of similar volume (for example, a bulk sample
of 48 containers, four lots of 12 containers would be prepared and the containers labelled
accordingly).

6.2.2 Combine all the material within a lot (for example, containers 1 to 12 of lot 1) as detailed in
Subsection 6.1.

6.2.3 Place the sample increments produced in the appropriately labelled containers such that each
container contains the same number of whole sample increments.

6.2.4 Repeat Steps 6.2.2 and 6.2.3 for each of the remaining lots.

6.2.5 Obtain representative subsamples by combining an equal number of containers from each lot
as detailed in Subsection 6.1.

7 Coning and quartering

Only combine samples by coning and quartering in situations where other procedures are not
appropriate.

The procedure for cone and quartering shall be as follows:

7.1 Place the material on a clean flat surface and thoroughly mix using a shovel, flat-bottomed
scoop, trowel or other suitable apparatus.

7.2 Form the material into a cone and then flatten into a circular layer of approximately uniform
thickness.
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7.3 Divide the material into quarters and then gather the diagonally opposite quarters and mix to
form two subsamples. Form each subsample as detailed in Step 7.2.

7.4 Repeat Step 7.3 for each subsample until the resultant subsamples are of the required size.

8 Notes on method

8.1 The minimum mass of material split should ensure the quantity of material collected in each
riffle box/receiver is equal to the minimum mass required for a representative subsample in
accordance with Table 1. For materials with a maximum particle size larger than 37.5 mm, this
rule may not be observed due to capacity of available apparatus.

Table 1 — Minimum subsample mass

Maximum particle size in subsample *(mm) Minimum mass of subsample (kg)
150 125
100 70
75 40
53 25
375 15
26.5 5
19.0 2
9.5 0.5
4.75 0.2
2.36 0.1

0.425 0.05

*Maximum particle size is identical with the size of the smallest sieve through which the material will pass.
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Figure 1 — Total sample combination by riffling
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Figure 2 — Total sample combination by rotary cone
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Test Method Q101B: Representative sample reduction

1 Source

This method was developed in-house using techniques evolved through internal departmental
investigations.

2 Scope

Representative test subsamples of approximate, minimum and specified mass are prepared from
representative subsamples, obtained from Test Method Q101A where necessary, by splitting using a
riffle or rotary cone splitter.

3 Apparatus

The following apparatus is required:

3.1 Increment containers, of a size or so configured that their maximum capacity does not exceed
approximately 20 kg.

3.2 Labels or tags and marking pens.

3.3 Sample divider (riffle), conforming with the requirements of AS 1141.2.
34 Rotary cone splitter.

3.5 Rotary sample divider.

3.6 Flat-bottomed scoop.

4 Riffle
The procedure for riffling shall be as follows:
4.1 Approximate/minimum test subsample mass

4.1.1 Place a portion of the representative subsample in a riffle box ensuring even distribution, hand
placing large patrticles if necessary.

4.1.2 Split the sample by pouring the material at a uniform rate over the chutes of the riffle ensuring
that no blockages occur. Divide oversize particles evenly between the two riffle boxes by
hand.

4.1.3 Repeat Steps 4.1.1 to 4.1.2 until all the material has been split.

4.1.4 Repeat Step 4.1.2 using any combination of representative subsamples until the required
number of representative test subsamples of the required approximate or minimum mass are
obtained.

4.2 Specified test subsample mass

4.2.1 Place a portion of the representative subsample in the riffle box ensuring even distribution,
hand placing large particles if necessary.

4.2.2  Split the sample by pouring the material at a uniform rate over the chutes of the riffle ensuring
that no blockages occur. Divide oversize particles evenly between the two riffle boxes by
hand.

4.2.3 Repeat Steps 4.2.1 and 4.2.2 until the material has been split.
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Repeat Step 4.2.2 using any combination of representative subsamples until the required
number of test subsamples of approximate mass, but less than that specified, have been
obtained.

Cone and quarter a representative subsample as detailed in Test Method Q101A. Use this
subsample as a stock subsample to increase the mass of the subsamples previously obtained
at Step 4.2.4.

Use a flat-bottomed scoop to obtain a representative subsample from the stock subsample.
Add the scooped material to a subsample obtained in Step 4.2.4 until the specified test
subsample mass is obtained. At no time is material be added to a test subsample by hand or
by pouring from a container.

Repeat Step 4.2.6 until all the test subsamples have been brought to the specified mass.

Rotary cone splitter

This device is suitable for material having a maximum patrticle size not exceeding 37.5 mm.
The procedure for splitting using a rotary cone shall be as follows:

Approximate/minimum test subsample mass

Place a portion of the representative subsample in the hopper taking care to ensure that there
is no appreciable segregation of material.

Place an increment container at each collection point.

Rotate the receivers at a constant speed and allow the hopper to discharge in one operation.
Empty the contents of each receiver into its corresponding increment container.

Repeat Steps 5.1.1, 5.1.3 and 5.1.4 until the whole representative subsample has been split.

Repeat Steps 5.1.1 to 5.1.4 using any combination of representative subsamples until the
required number of representative test subsamples of the required approximate/minimum
mass have been obtained.

Specified test subsample mass

Place a portion of the representative subsample in the hopper taking care to ensure there is
no appreciable segregation of material.

Place an increment container at each collection point.

Rotate the receivers at a constant speed and allow the hopper to discharge in one operation.
Empty the contents of each receiver into its corresponding increment container.

Repeat Steps 5.2.1, 5.2.3 and 5.2.4 until the whole representative subsample has been split.

Repeat Steps 5.2.1 to 5.2.4 using any combination of representative subsamples until the
required number of test subsamples of approximate mass, but less than that specified, have
been obtained.

Cone and quarter a representative subsample as detailed in Test Method Q101A. Use this
subsample as a stock subsample to increase the mass of the subsamples previously obtained
at Step 5.2.6.

Use a flat-bottomed scoop to obtain a representative subsample from the stock subsample.
Add the scooped material to a subsample obtained in Step 5.2.6 until the specified test
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subsample mass is obtained. At no time is material be added to a test subsample by hand or
by pouring from a container.

Repeat Step 5.2.8 until all the test subsamples have been brought to the specified mass.

Rotary sample divider

This device is suitable for material having a maximum particle size not exceeding 37.5 mm.
The procedure for splitting using a rotary sample divider shall be as follows:

Approximate / minimum test subsample mass

Place a portion of the sample in the hopper, taking care to ensure that there is no appreciable
segregation of material.

Place an increment container at each collection point.

Adjust the vibratory feeder tray, feed gap, vibration frequency and rotation speed in
accordance with the manufacturer’s instructions. The feed gap will be set to three times the
maximum patrticle size of the sample.

Commence the discharge of material into the receivers. The receivers should rotate at a
constant speed until the discharge is completed.

Empty the contents of each receiver into its corresponding increment container.
Repeat Steps 6.1.1, 6.1.4 and 6.1.5 until the whole representative subsample has been split.

Repeat Steps 6.1.1 to 6.1.5 using any combination of representative subsamples until the
required number of representative test subsamples of the required approximate / minimum
mass has been obtained.

Specified test subsample mass

Place a portion of the sample in the hopper, taking care to ensure that there is no appreciable
segregation of material.

Place an increment container at each collection point.

Adjust the vibratory feeder tray, feed gap, vibration frequency and rotation speed in
accordance with the manufacturer’s instructions. The feed gap will be set to three times the
maximum particle size of the sample.

Commence the discharge of material into the receivers. The receivers should rotate at a
constant speed until the discharge is completed.

Empty the contents of each receiver into its corresponding increment container.
Repeat Steps 6.2.1, 6.2.4 and 6.2.5 until the whole representative subsample has been split.

Repeat Steps 6.2.1 to 6.2.5 using any combination of representative subsamples until the
required number of test subsamples of approximate mass, but less than that specified, has
been obtained.

Cone and quarter a representative subsample as detailed in Test Method Q101A. Use this
subsample as a stock subsample to increase the mass of the subsamples previously obtained
at Step 6.2.7.

Use a flat-bottomed scoop to obtain a representative subsample from the stock subsample.
Add the scooped material to a subsample obtained in Step 6.2.7 until the specified test
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subsample mass is obtained. At no time is material be added to a test subsample by hand or
by pouring from a container.

6.2.10 Repeat Step 6.2.9 until all the test subsamples have been brought to the specified mass.
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Test Method Q101C: Fractionation

1 Source

This method was developed in-house using techniques evolved through internal departmental
investigations.

2 Scope

Representative test subsamples of specified mass are obtained by fractionation. This procedure has
particular application when preparing compaction subsamples and representative subsamples of the
total material.

3 Apparatus

The following apparatus is required:

3.1 Sieves, 37.5 mm, 19.0 mm, 9.50 mm and 4.75 mm complying with ISO 3310, or mechanical
apparatus with perforated plate or woven wire mesh of equivalent apertures.

3.2 Balances:

3.2.1 Balance of suitable capacity, having a resolution of at least 1 g and with a limit of performance
within the range of £ 5 g.

3.2.2 Balance of suitable capacity, having a resolution of at least 0.1 g and with a limit of
performance within the range of + 0.5 g.

3.2.3 Balance of suitable capacity, having a resolution of at least 0.01 g and with a limit of
performance within the range of £ 0.05 g

4 Procedure
The procedure shall be as follows:

4.1 Divide the material into predominately single size fractions by sieving. Recommended size
fractions for compaction subsamples are contained in Table 1.

4.2 Determine the total mass of each individual fraction (M, ).

4.3 Calculate the total mass of all individual fractions to be combined as follows:

Mtzsz

total mass of all individual fractions to be combined (g)

where M

t

M, total mass of individual fraction (g)

4.4 Calculate the proportion of each fraction in the subsample as follows:

P; = M,
t
where P, = proportion of individual fraction in the subsample
M, = total mass of individual fraction (g)
M = total mass of all individual fractions to be combined (g)
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Calculate the mass of each individual fraction to be used to produce a test subsample as
follows (Notes 5.1 and 5.2):

M, = M_P;
where M, = mass of individual fraction in the subsample (g)
M, = mass of test subsample (g)
P, = proportion of individual fraction in the subsample

Where necessary combine all individual fractions of the same size.

Combine the individual subsample fraction masses to form the required test subsample(s)
mass (Note 5.3).

Notes on method

When a test subsample has been specified in terms of dry mass, determine the moisture
content (hygroscopic) for each individual fraction as detailed in Test Method AS 1289.2.1.1.
This hygroscopic moisture content is used to calculate the required wet mass of each
individual fraction in the test subsample. Calculate the wet mass of each of the individual
fractions as follows:

M,=M_P, [1+—W j

100
where M, = mass of individual fraction in the subsample (g)
M, = mass of test subsample (g)
P, = proportion of individual fraction in the subsample
W = hygroscopic moisture content of the individual fraction (%)

Individual fractions should be retained in airtight containers to prevent contamination and
moisture variation during storage. Where the individual fractions have been stored for longer
than 48 hours, a moisture content determination should be carried out before calculating the
fraction masses for a test subsample.

The individual fraction masses may be obtained by using an appropriate procedure detailed in
Test Method Q101B.

Table 1 — Fraction sizes for compaction subsamples

Size fractions
(mm)

Passing Retained
37.5 19.0
19.0 9.50
9.50 4.75
4.75 -
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Test Method Q101D: Break-up, cleaning and crushing

1 Source
This method was developed in-house using techniques evolved through internal departmental
investigations.
2 Scope
This procedure allows for the breaking up of aggregations of fines and soil clods, and the removal of
coatings of fines from aggregate particles.
3 Apparatus
For break-up and cleaning the following apparatus is required:
3.1 Laboratory jaw crusher.
3.2 Soil preparation machine (mulcher).
3.3 Soil preparation machine (shredder).
34 Motorised tumbler.
35 Mortar and rubber pestle.
3.6 Wire brush and scraping knife.
3.7 Mallet, made of steel, wood or rubber.
3.8 Sieves, complying with ISO 3310 of the following sizes:

3.8.1 For screening materials, 37.5 mm, 19.0 mm, 6.70 mm, 4.75 mm, 2.36 mm and other sieve
sizes as required.

3.8.2 For screening crushed materials, 19.0 mm, 6.70 mm, 0.425 mm, 0.075 mm and other sieve
sizes as required.

For crushing, the following additional apparatus is required:
3.9 Mini-jaw crusher.
3.10 Motorised mortar and pestle.
3.11  Mortar and pestle, steel or porcelain.

3.12  Vibratory disc mill or ring grinder.

4 Break-up and cleaning
4.1 Laboratory jaw crusher
Use this apparatus to break up soil clods (Note 6.1):
4.1.1 Inspect the feed box, jaws, discharge chute and sample receiver, and clean if necessary.

4.1.2 Setthe moving jaw to the required gap. When breaking up soil clods it is sometimes
necessary to reduce to the required gap by using a number of jaw settings.

4.1.3 Start the crusher and progressively feed the material.

4.1.4  Stop the crusher and screen the broken-up material over the appropriate sieve. Pass any
oversize soil clods back through the crusher.
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Repeat Steps 4.1.3 and 4.1.4 until all the soil clods have been broken up.

Soil preparation machine (mulcher)

Use this apparatus to break up soil clods containing gravel and aggregations of fines.
Inspect the receiver and clean if necessary.

Start the machine and progressively feed the material.

Take care not to break any discrete rock particles (Note 6.2). If any breakdown of the rock is
evident, it may be necessary to break up the material using a method with less impact as
detailed in Subsections 4.4, 4.5 or 4.6.

Repeat Steps 4.4.2 to 4.2.3 until all clods and aggregations are broken up.

Soil preparation machine (shredder)

Use this apparatus to break up soil clods and aggregations of fines (Note 6.3).
Inspect the hopper and receiver and clean if necessary.

Start the machine and progressively feed the material.

Using the lever, press the material against the mesh plate to shred the material.
Repeat Steps 4.3.2 to 4.3.3 until all clods and aggregations are broken up.
Motorised tumbler

Use this apparatus to break up soil clods and aggregations of fines and to remove coatings of
fines from particles.

Inspect the bowl or drum and the charge of steel balls or rods and clean if necessary.

Place the material in the bowl or drum with a small charge if required. The size of the charge
will depend on the capacity of the apparatus and the volume and type of material. Keep the
size of the charge as small as possible to prevent break-up of discrete rock particles. It is
sometimes unnecessary to use a charge when there is a significant proportion of rock in the
material.

Secure the dust cover or lid in place and start the tumbler.

Take care not to break any discrete rock particles (Note 6.2). If any breakdown of the rock is
evident, reduce the size of the charge until such time that no breakdown occurs.

Check the material at frequent intervals and sieve when necessary to prevent an accumulation
of fines (Note 6.4).

Repeat Steps 4.4.2 to 4.4.5 until all clods and aggregations are broken up and coatings
removed.

Mortar and rubber pestle

Use the mortar and rubber pestle to break up soil clods and aggregations fines and to remove
coatings of fines from particles. Use the rubber pestle whenever there is any possibility of
breaking down low strength discrete particles.

Place sufficient material in the mortar to cover its base.
Grind the sample with the pestle returning any ejected material to the mortar.

Take care not to break any discrete rock particles (Note 6.2). If any breakdown of the rock is
evident, reduce the pressure exerted on the pestle. Where there is only a minor proportion of
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these particles, it may be expedient to remove them. Return the particles to the sample at the
completion of grinding.

Wire brush and scraping knife
Use a wire brush and scraping knife to remove coatings of fines from particles (Note 6.2).
Mallet

Use a mallet to break up soil clods and aggregations of fines (Notes 6.1 and 6.2).

Crushing

Laboratory jaw crusher or mini-jaw crusher

Inspect the feed box, jaws, discharge chute and sample receiver, clean if necessary.
Set the moving jaw to the required gap (Note 6.5).

Start the crusher and feed the material at a uniform rate keeping the hopper almost full.
Stop the crusher, collect the crushed material and screen over the appropriate sieve(s).

Adjust the gap between the jaws if necessary and pass the oversize material through the
crusher.

Repeat Steps 5.1.2 to 5.1.5 to crush all the material to the required size(s).
Motorised mortar and pestle

Use the motorised mortar and pestle to crush rock fragments.

Inspect the equipment and clean if necessary.

Start the motorised mortar and pestle and feed rock fragments into the mortar.

Check the material at frequent intervals and sieve when necessary to prevent an accumulation
of fines (Note 6.5).

Repeat Steps 5.2.2 and 5.2.3 to crush all the material to the required size(s).
Mortar and pestle

Use a steel mortar and pestle to crush small rock samples with a maximum particle size of
approximately 37.5 mm. Use the porcelain mortar and pestle to pulverize samples with a
maximum particle size of approximately 2.36 mm.

Inspect the mortar and pestle and clean if necessary.

Place sufficient material in the mortar to cover its base. Crush the material returning any
ejected material to the mortar.

Sieve the sample frequently during the crushing process to prevent an accumulation of fines
(Note 6.5).

Repeat Steps 5.3.2 and 5.3.3 to crush all the material to the required size(s).
Vibratory disc mill or ring grinder

Use a vibratory disc mill or ring grinder to crush small rock samples with a maximum particle
size of approximately 6.70 mm. They can produce material finer than 0.075 mm.

Inspect the bowl and rings, clean if necessary.

Set the mill/grinder to run for an appropriate time (usually 15 seconds is sufficient).
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6.4

6.5

6.6

Place the rings into the bowl and add material to quarter-half fill the bowl.

When the mill/grinder stops, collect the crushed material and screen over the appropriate
sieve(s).

Return any oversize material to the mill/grinder (Note 6.6).

Repeat Steps 5.4.3 to 5.4.5 to crush all the material to the required size(s).

Notes on method

This equipment is only suitable for soil clods which are substantially dry and have no
appreciable quantity of discrete rock particles which could be crushed and thereby prejudice
test results.

Where difficulty exists ascertaining whether particles are discrete or in fact aggregations of
fines, place a small number of them in water and boil. If disaggregation occurs, consider such
particles as aggregations of fines.

This equipment is only suitable for soil clods that are dry to moist and have no appreciable
guantity of discrete rock particles.

The production of an excessive quantity of fines will reduce the effectiveness of the process
due to their cushioning effect.

When crushing rock, the general rule is to set the moving jaw gap to half the maximum particle
size of the rock to be crushed.

If a small quantity of oversize material remains after grinding and screening, complete the
crushing using the mortar and pestle.
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Test Method Q101E: Pre-treatment

1 Source

This test method applies the principles of Roads and Maritime Services Test Methods T102: Pre-
treatment of road construction materials by compaction and T103: Pre-treatment of road construction
materials by artificial weathering. This method includes variations for the treatment of Western
Queensland materials such as Winton Sandstone (Note 10.1).

2 Scope

This test method sets out the procedure for pre-treating road construction materials by subjecting the
material to repeated artificial weathering by cyclic wetting and drying and/or compaction.

The method is appropriate for soft or brittle materials used in earthworks or pavement construction,
which are liable to breakdown during winning, compaction and trafficking (for example shales,
siltstones, highly weathered materials, weakly cemented materials soft laminated rock, jointed rock or
Winton sandstone).

This method simulates the material breakdown which will occur under construction processes. It would
apply to samples taken from prospective or working pits or from material delivered to the roadside, but
would not apply to material from the finished earthworks or pavement.
3 Apparatus

Where appropriate, the working tolerances of particular apparatus are contained in Table 1.
3.1 For preliminary preparation the following apparatus is required:

3.1.1 Drying oven of suitable capacity, having a temperature of 45-50°C and complying with
AS 1289.0.

3.1.2 Sieve, 53.0 mm and 37.5 mm complying with 1ISO 3310.
3.2 For pre-treatment by artificial weathering the following apparatus is required:
3.2.1 Heating device such as an electric hotplate, frypan or gas stove.

3.2.2 Drying oven of suitable capacity, having a temperature of 45 - 50°C and complying with
AS 1289.0.

3.2.3 Suitable dishes for soaking and drying on a hotplate or in an oven.

3.2.4 Spatula or other suitable stirring device.

3.2.5 Suitable equipment for decanting water from the dishes and collecting the water.
3.2.6  Wire gauze/mesh.

3.2.7 Oven gloves.

3.3 For pre-treatment by compaction the following apparatus is required:

3.3.1 Compaction mould, a cylindrical metal mould having an internal diameter of 150 mm and a
minimum internal height of 175 mm, fitted with a detachable baseplate which can be firmly
attached to the mould. A split mould may be used.

3.3.2 Rammer, a metal rammer having a 50 mm diameter face, a drop mass of 2700 g and a drop
height of 300 mm. Alternatively use a mechanical compactor, provided it meets the essential
requirements of drop height, mass and energy input. A mechanical compactor may be used
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3.3.3

3.34

3.3.5

3.3.6

4.1

51

5.2

6.1

6.2

6.3

7.1

7.2
7.3
7.4

provided the essential dimensions are adhered to and the rammer has a free vertical fall of the
correct height with blows being uniformly distributed and in keeping with any prescribed cycle
of blows. The design of the compactor allows attachment of the mould to a level and rigid
support base. The difference between maximum dry density determinations using manual or
mechanical compaction is less than 2%.

Level rigid foundation on which to compact the specimen, for example, a sound concrete floor
about 100 mm or more in thickness or a concrete block of at least 100 kg mass.

Sample extractor, such as a jack, lever frame or other device for extruding compacted
specimens from the mould when a split mould is not used.

Suitable mixing apparatus, such as a tray, trowel or scoop, mixing machine and water spray
suitable for mixing increments of water into the material.

Sealable containers, suitable for storing moist samples.

Material
The following materials are required:

Mould oil, a light oil such as Caltex Mould Oil 20 (Note 10.2).

Application

Where the requirements for pre-treatment is not specified in the appropriate specification,
sampling plan or test method, the following shall apply:

Perform pre-treatment by artificial weathering using 10 soaking and drying cycles followed by
pre-treatment by compaction using 3 compaction cycles (Note 10.3).

For Winton sandstone (Note 10.1) perform pre-treatment by compaction only using 1
compaction cycle.

Preparation

The preparation procedure shall be as follows:

Prepare the sample as detailed in Preliminary Preparation Section 5 of Test Method Q101 to
obtain the required number of representative test subsamples.

Sieve each test subsample on a 53.0 mm sieve, crushing or breaking any oversize retained to
just pass the 53.0 mm sieve.

Record the percentage by mass of the material retained on the 53.0 mm sieve.

Pre-treatment by artificial weathering
The pre-treatment by artificial weathering procedure shall be as follows:

Place the test subsample in the dishes spreading the material evenly over the area of each
dish

Add sufficient water to cover each test subsample.
Allow the test subsamples to stand for at least 16 hours.

After soaking, decant the clear water off the test subsample, taking care not to lose fines
during the decanting process. Retain the decanted water for re-use in the subsequent soaking
of the test subsample. Avoid the loss of fines that may affect the results in subsequent testing.
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Dry the material to a moist, free flowing as follows:

For materials containing gypsum or significant amounts of organic matter, place the dish and
test subsample in an oven at a temperature not exceeding 80°C.

For other materials, cover the dish with gauge/mesh and dry the test subsample using a
hotplate, stirring frequently to facilitate drying and to prevent overheating of material. Take
care not to bake the material after drying is complete.

The material is deemed to be dry when a clean and dry spatula is inserted and removed from
the test subsample and there are no adhering fines or only a fine layer of dust. If material other
than dust adheres to the spatula, then continue drying.

Repeat Steps 7.1 to 7.6 until the required soaking and drying cycles have been completed.
Air or oven dry a test subsample which requires drying prior to further preparation or testing.
Use a temperature of 45 - 50°C for oven drying unless otherwise specified in the appropriate
test method.

Pre-treatment by compaction

The pre-treatment by compaction procedure shall be as follows:

Thoroughly mix the test subsample, adding water so that the material is between optimum
moisture content and 3% dry of optimum moisture content.

Place the test subsample in sealable containers and allow to cure for at least 24 hours.

Remove the material from the container and moisten to approximately optimum moisture
content, thoroughly mixing the soil and water (Note 10.4).

Compact the material in a lightly oiled mould in approximately three equal layers, 60 mm high
when loose, with 75 blows per layer of the standard compaction rammer (Note 10.5).

Remove the compacted material from the mould, crumble the material to break up
aggregations and place in a separate container.

Repeat Steps 8.3 to 8.5 until all material in each test subsample has been treated to a
complete compaction cycle. Where there is insufficient material remaining to fill the mould,
compact the remaining material in 1 or 2 approximately equal layers with a loose thickness of
50 to 80 mm per layer.

Repeat Steps 8.3 to 8.6 until each test subsample has been treated to the required number of
compaction cycles.

Air or oven dry a test subsample which requires drying prior to further preparation or testing.
Use a temperature of 45 - 50°C for oven drying unless otherwise specified in the appropriate
test method.

Reporting

The following shall be reported:

Specific pre-treatment procedure(s) used (for example, compaction and/or artificial
weathering).

The number of compaction cycles and/or artificial weathering cycles used.
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Techniques in this method for Winton sandstone were developed in-house using techniques
evolved through internal departmental investigations (Main Roads Barcaldine District, "Pre-
Treatment of Decomposed Sandstone" D07-01-1987 and Vanderstaay A.G.B., “Material
Sources in Western Queensland”, Western Queensland Best Practice Guidelines — WQ33,

Before handling oil, the operator should consult the relevant SDS.

The typical pre-treatment using 3 cycles of compaction and 10 cycles of artificial weathering is
contained in the Transport and Main Roads Technical Specification, MRTS04 General
Earthworks — Appendix B, April 2017 and the Transport and Main Roads, Pavement Design

It is important that the water is thoroughly mixed into and uniformly distributed throughout the
material since inadequate mixing gives rise to variable test results. It is desirable to keep the
mixed material in a sealed container to allow the water to become more uniformly distributed

10 Notes on method
10.1

May 2000).
10.2
10.3

Supplement, Section 5.6.
10.4

before compaction.
10.5

During compaction, material can build up on the surface of the rammer. This is particularly
evident at moisture contents near to and above optimum moisture content. In order to prevent
the cushioning effect caused by this build-up, inspect the rammer face and clean if necessary
during the compaction process.

Table 1 — Dimensions and tolerances for suitable moulds and rammer

Apparatus Dimension Tolerance
Rammer
Diameter; round foot (mm) 50 +04
Area of rammer (mmg2) 1964 +31
Drop (mm) 300 +20%
Mass (kg) 2.7 +0.01%
Energy delivered per blow (J) 7.94 +0.08
Number of layers 3
Number of blows/layer 60
Energy input (kJ/m3) 596 +14

I Either but not both of the tolerances may be exceeded provided that the specified tolerance on energy delivered

per blow is not exceeded.
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Test Method Q101F: Crushing

1 Source
This method was developed in-house using techniques evolved through internal departmental
research investigations.
2 Scope
This method describes procedures for crushing samples of soil, rock, aggregates or concrete in
preparation for various laboratory chemical test methods. It involves the progressive crushing, drying
and dividing of a sample to a final crush finer than a nominated sieve.
3 Apparatus
The following apparatus is required:
3.1 Laboratory jaw crusher.
3.2 Laboratory mini-jaw crusher.

3.3 Vibratory disc mill or ring grinder. Do not use mechanical mills or grinders that generate
temperatures in the material in excess of 50°C while operating as they may break down the
crystalline structure of the clay minerals.

3.4 Sieves, 19.0 mm, 6.70 mm, 0.425 mm, 0.150 mm and 0.075 mm complying with 1SO 3310.
35 Sieve brushes.

3.6 Drying oven of suitable capacity, having a temperature of 105 - 110°C and complying with
AS 1289.0 (if required).

3.7 Drying oven of suitable capacity, having a temperature of 45 - 50°C and complying with
AS 1289.0.

3.8 Sample divider.
3.9 Container, of suitable size for drying subsamples.
3.10 Suitable container for storing crushed test portion.

3.11 Magnet.

4 Procedure
The procedure shall be as follows:
4.1 Coarse crushing

4.1.1 If the sample contains no material larger than 6.70 mm, omit the coarse crushing and
commence preparation from Step 4.1.3.

4.1.2 Crush a representative sample of the material to pass the 19.0 mm sieve using the jaw
crusher as follows:

a) Inspect the feed box, jaws, discharge chute and sample receiver and, clean if necessary.
b) Setthe moving jaw to the required gap (Note 5.1).
c) Start the crusher and feed the material at a uniform rate to keep the hopper almost full.

d) Stop the crusher, collect the crushed material and screen over the 19.0 mm sieve.
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4.2.3

4.2.4

4.2.5

4.3
43.1

4.3.2

e) Adjust the gap between the jaws if necessary and pass the oversize material back
through the crusher.

f)  Repeat Steps b) to e) until all the material has been crushed to the required size.

Air or oven dry the subsamples that require drying prior to testing. Use the 45 - 50°C oven
unless otherwise specified in the appropriate test method. Allow the sample to cool to room
temperature.

Mix and reduce the sample for medium crushing to a minimum sample size of 2000 g using a
sample divider.

Medium crushing

If the sample contains no material larger than 4.75 mm, omit the medium crushing and
commence preparation from Step 4.2.3.

Crush a representative sample of the material to pass the 6.70 mm sieve using the mini-jaw
crusher as follows:

a) Inspect the feed box, jaws, discharge chute and, sample receiver and clean if necessary.
b) Setthe moving jaw to the required gap (Note 5.1).

c) Start the crusher and feed the material at a uniform rate to keep the hopper almost full.
d) Stop the crusher, collect the crushed material and screen over the 6.70 mm sieve.

e) Adjust the gap between the jaws if necessary and pass the oversize material back
through the crusher.

f)  Repeat Steps b) to e) until all the material has been crushed to the required size.

Air or oven dry the subsamples that require drying prior to testing. Use the 45-50°C oven
unless otherwise specified in the appropriate test method. Allow the sample to cool to room
temperature.

Mix and reduce the sample for fine crushing to a minimum sample size of 750 g using a
sample divider.

Remove any iron filings produced during the crushing process by passing a magnet over the
sample (Note 5.2).

Fine crushing

Select the appropriate fine screening sieve from Table 1 or as otherwise specified in the
relevant test method.

Crush the reduced sample to pass the fine screening sieve using a vibratory disc mill or ring
grinder as follows:

a) Inspect the bowl and crushing rings and clean if necessary.
b) Set the crushing time (usually 15 seconds is sufficient).

c) Push the crushing rings to one side of the bowl and place no more than 100 g of material
in gap between the bowl and the crushing rings.

d) Start the mill or grinder, and allow it to run for the programmed time.
e) Collect the crushed material and screen over the fine screening sieve.

f)  Repeat Steps c) to e) until all the material passes the fine screening sieve.
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4.3.3 Remove any iron filings produced during the crushing process by passing a magnet over the
sample (Note 5.2).

4.3.4  Air or oven dry the subsamples that require drying prior to testing. Use the 45-50°C oven
unless otherwise specified in the appropriate test method. Allow the sample to cool to room
temperature.

4.3.5 Store the sample in a sealed container.

5 Notes on method

51 When crushing rock the general rule is to set the moving jaw gap to half the maximum particle
size of the rock being crushed.

5.2 Omit this step where crushing apparatus with zirconium oxide faces is used.

Table 1 — Fine screen size

Test method Sieve size (mm)
Q129 0.075
Q130A 0.425
Q456, Q457A, Q457B 0.150
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Test Method Q103A: Particle size distribution of soil —wet sieving

1 Source

This method applies the principles of AS 1289.3.6.1: Determination of the particle size distribution of a
soil — Standard method of analysis by sieving. It differs from this Australian Standard in that only oven
dry material is sieved, the passing 2.36 mm portion is washed and differences also occur in reporting
requirements and cross-referenced test methods.

2 Scope

This method describes the procedure for determining the particle size distribution of soil or crushed
rock material, down to the 0.075 mm sieve. The method uses a dry sieving technique in association
with washing the passing 2.36 mm material prior to dry sieving.

The method also includes the calculation of properties such as fines ratio (FR ), coefficient of
uniformity (C, ), coefficient of curvature (C,) and grading coefficient (G, ) (Note 9.1).

3 Apparatus
The following apparatus is required:

3.1 Balance of suitable capacity, having a resolution and a limit of performance as detailed in
Table 1 (Note 9.1).

3.2 Sieves conforming with ISO 3310 as follows:

3.2.1 Dry sieving; commonly used sieves include 75.0 mm, 53.0 mm, 37.5 mm, 26.5 mm, 19.0 mm,
9.50 mm, 4.75 mm, 2.36 mm, 0.425 mm and 0.075 mm sieves. Other sieve sizes such as
63.0 mm, 6.70 mm, 2.00 mm, 1.18 mm, 0.600 mm, 0.300 mm, 0.212 mm and 0.150 mm may
be included to furnish the information required on the material to be tested.

3.2.2 Wet sieving; reinforced 0.075 mm sieve (Note 9.3).
3.3 Mechanical sieve shaker (optional).

3.4 Sieve brushes and a wire or other stiff bristle brush.
35 Rubber pestle and steel or ceramic mortar.

3.6 Drying oven of suitable capacity, having a temperature of 105 - 110°C and conforming with
AS 1289.0.

3.7 Containers, of suitable size for drying and washing the material.

4 Materials
The following materials are required:
4.1 Dispersing solution

e Prepare a stock solution by dissolving 33 g of sodium hexametaphosphate (LR Grade)
and 7 g of anhydrous sodium carbonate (Na-C03) (LR Grade) or 18.9 g of hydrated
sodium carbonate (Na,C0310H,0) (LR Grade) in distilled water to make one litre of
solution (Note 9.4). This stock solution is diluted to one-tenth strength for use as a
washing solution.

4.2 This solution is unstable and is to be freshly prepared approximately once a month with the
preparation and expiry dates recorded on the container.
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6.2.3
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6.3

6.3.1

6.3.2

6.3.3
6.3.4

Preparation
The sample shall be prepared as follows:

Determine the maximum particle size of the material by assessing the sieve through which all
of the material will just pass. Prepare the sample as detailed in Section 5 of Test Method Q101
to obtain a test portion that, when dry, will conform with the minimum mass requirements of
Table 1.

Determine the mass of the container (M, ).

Place the test portion in the container and dry in the oven to a constant mass (M, ).

Procedure
The sample shall be sieved as follows:
Load on sieves

Overloading of sieves may affect the accuracy of results and damage the sieves. The
maximum loads on sieves at completion of sieving are set out in Table 2 (Note 9.5). To
prevent overloading:

e use sieves with a larger diameter, or
e use additional sieves, or

¢ divide the mass retained on the sieve into two or more portions of a mass less than the
recommended loading in Table 2 and pass the separate portions through the sieve.

Methods of sieve shaking

Sieving may be performed by hand or with a mechanical shaker. Material retained on 19 mm
or larger sieves may be manipulated by hand.

When sieving is conducted by hand, a lateral and vertical motion is employed accompanied by
a slight jarring action to keep the sample moving continuously over the sieve. Particles
19.0 mm or larger may be placed by hand to pass the sieves.

When sieving is conducted using a mechanical sieve shaker, sieving is carried out for such
time as will give a comparable result to hand sieving, which is generally 12 — 15 minutes.

At the end of sieving, hand sieve each portion retained until the mass passing each sieve in
one minute is less than 1% of the mass of material retained on that sieve.

Coarse sieving (particles larger than 19.0 mm)

Sieve the test portion through sieves in order of decreasing aperture size down to and
including 19.0 mm, using as the largest sieve a size through which all the material just passes
and ensuring no sieve is overloaded.

Clean the rock particles retained initially on the largest sieve in this coarse sieve series, using
the stiff bristle brush to remove coatings of fines and also break up soil clods and aggregations
of fines using the pestle and mortar (Note 9.6). Ensure that the resulting fines are passed
through the sieve.

Sieve the cleaned rock particles by either hand or mechanical shaker.

Determine the mass of the particles retained on the sieve (M,).
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Repeat Steps 6.3.2 to 6.3.4 for each sieve in the coarse series, in order of decreasing size
down to and including the 19.0 mm and determine the mass retained on each sieve (m_).

Intermediate Sieving (particles between 19.0 mm and 2.36 mm)

Where the test portion has already been coarse sieved as detailed in Steps 6.3.1 to 6.1.5,
subsample the material passing 19.0 mm, observing the minimum mass requirements of
Table 1. Place the test portion subsample into a suitable container of known mass (m,).

Determine the mass of the test portion and container (m,).

Sieve the test portion through the nominated sieves in order of decreasing aperture size down
to and including 2.36 mm ensuring no sieve is overloaded (Note 9.7).

Clean the rock particles retained on the largest sieve in this intermediate sieve series, using
the rubber pestle and mortar to remove coatings of fines and break up soil clods and
aggregations of fines (Note 9.6). Ensure the resulting fines collected in the mortar are passed
over the sieve.

Sieve the cleaned rock particles by either hand or mechanical shaker.

Determine the mass of the particles retained on the sieve (M, ).

Repeat Steps 6.4.3 to 6.4.5 for each sieve in the intermediate series, in order of decreasing
size down to and including the 2.36 mm and determine the mass retained on each sieve (M, ).

Fine Sieving (particles smaller than 2.36 mm)

Where the test portion has already been intermediate sieved as detailed in Steps 6.4.1 to
6.4.6, subsample the material passing 2.36 mm, observing the minimum mass requirements of
Table 1. Place the test portion subsample into a suitable container of known mass (m;).

Determine the mass of the test portion and container (My).

Fill the container with dispersing solution until the test portion is covered. Stir to wet the
material and allow it to soak for at least two hours (Note 9.8).

After soaking, agitate the contents of the container and pour the suspension into the 0.075 mm
reinforced sieve, taking care to prevent overflowing and loss of fines.

Wash the material retained on the 0.075 mm sieve until the wash water becomes clear. Allow
the passing 0.075 mm material to run to waste.

Add fresh water to the container as required and repeat Steps 6.5.3 and 6.5.4 until the
material in the container and that retained on the 0.075 mm is clean.

Return all the washed retained 0.075 mm material to the container and decant excess water.
Place the container in the oven and dry until the material has reached constant mass.

Sieve the washed test portion through the nominated sieves in order of decreasing aperture
size down to and including the 0.075 mm by either hand or mechanical shaker. Take care not
to apply pressure to the surface of the sieve. Do not use brushes with stiff or worn-down
bristles.

Determine the mass of the particles retained on each sieve in the fine series (M ).

Calculations

Calculations shall be as follows:
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7.1 Coarse Sieving

7.1.1 Calculate the cumulative mass retained on each coarse sieve as follows:

MC :Z mC
where M = cumulative mass retained on a particular coarse sieve (g)
C
m = individual mass retained on each coarse sieve with aperture size larger

than or equal to the particular sieve (g)

7.1.2 Calculate the cumulative percent retained on each coarse sieve as follows:

p = 100M
m,-m,
where P = cumulative percent retained on a particular sieve
M, = cumulative mass retained on the particular sieve (g)
m, = mass of container (g)
m, = mass of container and test portion (g)

7.1.3 Calculate the percent passing each sieve as follows:

Pp =100 -P,
where |:>p = percent passing a particular sieve
P. = cumulative percent retained on the particular sieve
7.2 Intermediate sieving

7.2.1 Calculate the cumulative mass retained on each intermediate sieve as follows:

I\/Ii :z mi
where M, = cumulative mass retained on a particular intermediate sieve (g)
m. = individual mass retained on each intermediate sieve with aperture size

I
larger than or equal to the particular sieve (g)

7.2.2 Where the test portion has been previously coarse sieved and the passing 19.0 mm material
subsampled, calculate the cumulative percent retained on each intermediate sieve as follows:
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P = MiP19
=
m,- m,

where P, = cumulative percent retained on a particular sieve
M. = cumulative mass retained on the particular sieve (g)
m, = mass of container (g)
m, = mass of container and test portion subsample (g)
P = percent passing the 19.0 mm sieve

7.2.3 Where the test portion has not been coarse sieved or the passing 19.0 mm material has not
been subsampled, calculate the cumulative percent retained on each intermediate sieve as

follows:
100M,
Pp=——~=-
m,-m,
where P = cumulative percent retained on a particular sieve
M, — cumulative mass retained on the particular sieve (g) (Note 9.7)
m, = mass of container (g)
m, = mass of container and test portion (g)

7.2.4 Where the test portion has been previously coarse sieved and the passing 19.0 mm material
subsampled, calculate the percent passing each sieve as follows:

Pp :Plg - Pr
where |:>p = percent passing a particular sieve
P = cumulative percent retained on the particular sieve (g)
P = percent passing the 19.0 mm sieve

7.2.5 Where the test portion has not been coarse sieved or the passing 19.0 mm material has not
been subsampled, calculate the percent passing each sieve as follows:

P =100 -P,
where |Dp = percent passing a particular sieve
p = cumulative percent retained on the particular sieve (g)

7.3 Fine sieving

7.3.1 Calculate the cumulative mass retained on each fine sieve as follows:
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Test Method Q103A: Particle size distribution of soil — wet sieving

Mf :Z mf
where M, = cumulative mass retained on a particular fine sieve (g)
m, = cumulative mass retained on each fine sieve with aperture size larger than

or equal to the particular sieve (g)

7.3.2 Where the test portion has been previously intermediate sieved and the passing 2.36 mm
material subsampled, calculate the cumulative percent retained on each fine sieve as follows:

P = M;P, 5
r
Mg- Mg
where P = cumulative percent retained on a particular sieve

M, = cumulative mass retained on the particular sieve (g)
m, = mass of tray (g)
m, = mass of tray and test portion subsample (g)
P, = percent passing the 2.36 mm sieve

7.3.3 Where the test portion has not been intermediate sieved or the passing 2.36 mm material has
not been subsampled, calculate the cumulative percent retained on each fine sieve as follows:

p = 100M,
m,-m,
where P, = cumulative percent retained on a particular sieve
M, = cumulative mass retained on the particular sieve (g) (Note 9.9)
m; = mass of container (g)
m, = mass of container and test portion (g)

7.3.4 Where the test portion has been previously intermediate sieved and the passing 2.36 mm
material subsampled, calculate the percent passing each sieve as follows:

Po=Pos - P
where P, = percent passing a particular sieve
P = cumulative percent retained on the particular sieve (g)
P, s = percent passing the 2.36 mm sieve

7.3.5 Where the test portion has not been intermediate sieved or the passing 2.36 mm material has
not been subsampled, calculate the percent passing each sieve as follows:

P,=100-P,
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Test Method Q103A: Particle size distribution of soil — wet sieving

where P percent passing a particular sieve

cumulative percent retained on the particular sieve (g)

o
1

7.4 Other properties

7.4.1 |If required, calculate the fines ratio as follows:

FR: |:)0.075
I:)0.425
where FR = fines ratio
Py — percent passing the 0.075 mm sieve
Poass = percent passing the 0.425 mm sieve

7.4.2 If the coefficient of uniformity or the coefficient of curvature are required, calculate the
following particle size values:

a) Calculate the particle size where 60% of particles are smaller as follows:

(og0 (2PNt 50:)
D,,=10 1
where D, = particle size where 60% of particles are smaller (mm)

log = logarithm to base 10

D, = largest sieve with less than 60% passing (mm)

P, = percent passing D,

D, = smallest sieve with more than 60% passing (mm)

P, = percent passing D,

b) Calculate the particle size where 10% of particles are smaller as follows:

(o, 0P 02|
D,=10 1
where D, = particle size where 10% of particles are smaller (mm)

|og — logarithm to base 10

D, - largest sieve with less than 10% passing (mm)

P, = percent passing D,

D, — smallest sieve with more than 10% passing (mm)

P, = percent passing D,
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Test Method Q103A: Particle size distribution of soil — wet sieving

c) Calculate the particle size where 30% of particles are smaller as follows:

where Dy,

[logDZ w]

PP,

D,,=10

= logarithm to base 10

largest sieve with less than 30% passing (mm)

= percent passing D,

= smallest sieve with more than 30% passing (mm)

= percent passing D,

7.4.3 If required, calculate the coefficient of uniformity as follows:

where C

u

DGO

DlO

C :%
DlO

coefficient of uniformity

particle size where 60% of particles are smaller

particle size where 10% of particles are smaller

7.4.4 If required, calculate the coefficient of curvature as follows:

where C

DGO

2
D30

C =

coefficient of curvature

particle size where 30% of particles are smaller

particle size where 10% of particles are smaller

particle size where 60% of particles are smaller

7.4.5 |If required, calculate the grading coefficient as follows:

where G

c

P26.5

I:)2.00

G = (Pze.s B I32.00 ) I34.75
¢ 100

grading coefficient (Note 9.1)

= percent passing the 26.5 mm sieve

= percent passing the 2.00 mm sieve
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Test Method Q103A: Particle size distribution of soil — wet sieving

8.1

8.2
8.3
8.4

8.5

8.6
8.7

9.2

9.3

9.4

9.5

9.6

9.7

9.8

9.9

P.ss = percent passing the 4.75 mm sieve

Reporting
The following shall be reported:

Percent passing each sieve to the nearest 1% for results 10% or greater, and to the nearest
0.1% for results less than 10%.

If required, a semi-logarithmic graph of the sieve size versus the percent passing each sieve.
Fines ratio to the nearest 0.01 units (if required).

Coefficient of uniformity to the nearest 0.1 for results 1 or greater and to the nearest 0.01 for
results less than 1 (if required).

Coefficient of curvature to the nearest 0.1 for results 1 or greater and to the nearest 0.01 for
results less than 1 (if required).

Grading coefficient to the nearest 0.1 units (if required).

The number of this Test Method, that is Q103A.

Notes on method

The grading coefficient is defined in the Unsealed Roads Manual, Australian Road Research
Board, 3 Edition, March 2009, Table 3.7.

The balance used in the procedure is dependent on the maximum particle size of the test
portion or test portion subsample.

Because of the ease with which a 0.075 mm sieve can be damaged, the use of a special
washing sieve, in which the sieve cloth is reinforced underneath with a coarser sieve or
punched plate screen, is recommended.

Before handling sodium hexametaphosphate, anhydrous sodium carbonate or hydrated
sodium carbonate, the operator should consult the relevant SDS.

The maximum load at the start of sieving should be no more than twice the maximum
recommended sieve loading in Table 2. Refer to Sieve analysis — Different sieving methods for
a variety of applications, Retsch.

Where difficulty exists ascertaining whether particles are discrete or in fact aggregations of
fines, obtain some similar particles from the remaining bulk sample. Place these patrticles in
water and bring the water to the boil. If disaggregation occurs, such particles are considered to
be an aggregation of fines and those in the test portion should be treated accordingly.

Where subsampling of the test portion is omitted following the coarse sieving stage, add the
total cumulative mass retained from the coarse sieving stage to each value of M, .

Clean granular materials may be washed without the addition of a dispersing solution while
cohesive clays may need to be soaked in dispersing solution for several hours.

Where subsampling of the test portion is omitted following both the coarse sieving stage and
intermediate sieving stage, add the total cumulative mass retained from the coarse sieving
stage and the intermediate sieving stage to each value of M, .
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Test Method Q103A: Particle size distribution of soil — wet sieving

Table 1 - Test portion and balance requirements

Maximum particle

Minimum test portion

Balance resolution

Balance limit of

size (mm) mass (g) () performance range (Q)
100 70000 10 +50
75.0 40000 10 +50
53.0 25000 10 +50
375 15000 10 +50
26.5 5000 1 +5
19.0 2000 1 +5
9.50 500 0.1 +05
4.75 200 0.1 +05
2.36 100 0.1 +05

0.425 50 0.01 +0.05
Table 2 - Recommended maximum sieve loadings
Aperture size 200 mm diameter 300 mm diameter 450 mm diameter
(mm) (9) (9) (9)
100 - 3750 7500
75.0 - 3000 6000
37.5 1000 2200 5000
26.5 800 1800 4000
19.0 600 1200 3000
13.2 400 900 4000
9.5 250 600 1500
6.70 225 500 1250
4.75 200 400 1000
2.36 150 300 600
1.18 100 200 400
0.600 75 150 -
0.425 60 120 -
0.300 50 100 -
0.150 40 80 -
0.075 25 50 -
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Test Method Q104A: Liquid limit of soil

1 Source

This method is based on BS 1377-2: Methods of test for soils for civil engineering purposes — Part 2:
Classification tests — Method 4.3: Cone penetrometer method. However, the liquid limit is defined in
this method as the moisture content at a penetration of 15.5 mm. There are some other minor
procedural differences.

2 Scope

This method describes the procedure for the determination of the liquid limit of the portion of a soil
passing the 0.425 mm sieve using the cone penetrometer apparatus. The liquid limit is defined
notionally as the moisture content at which the soil passes from the plastic to the liquid state, as
determined by this procedure.

3 Apparatus

Where appropriate, the working tolerances of particular apparatus are contained in Table 1.
The following apparatus is required:

3.1 Penetrometer, a manual or automatic release penetrometer generally complying with
BS EN 1426, with the exception of the following features:

a) Depth indicator, with a resolution, maximum recorded indication error and a maximum
recorded repeatability error not exceeding the working tolerances. A device such as a dial
gauge, calliper rule, displacement transducer or similar would be suitable (Note 9.1).

b) Penetration cone, a polished stainless steel cone with a cone angle of 30°, and
c) The total moving mass of the cone, cone holder, shaft and any adjusting masses is 80 g.

3.2 Cone wear template, consisting of a metal plate 1.75 mm thick, with a hole of 1.5 mm
diameter.

3.3 Sieve, 0.425 mm complying with ISO 3310.
3.4 Timing device, a stopwatch or audible seconds counter accurate to 0.5 seconds.

3.5 Balance of suitable capacity, having a resolution of at least 0.01 g and with a limit of
performance within the range of = 0.05 g.

3.6 Mixing bowl, about 150 mm diameter and 100 mm deep.

3.7 Drying ovens:

3.7.1  Oven of suitable capacity, having a temperature of 45-50°C and complying with AS 1289.0.
3.7.2 Oven of suitable capacity, having a temperature of 105-110°C and complying with AS 1289.0.
3.8 Spatula.

3.9 Containers with lids, for moisture content determination.

3.10  Test receptacles, containers having an internal diameter of 50 mm and an internal depth of
45 mm. Suitable containers are of heavy gauge aluminium, about 1.2 mm thick.

3.1 Potable water.

3.12  Curing containers, airtight containers to be used for curing of samples.
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Test Method Q104A: Liquid limit of soil

4 Adjustment of apparatus
Perform the adjustment of the apparatus as follows:
4.1 Check that the penetrometer shaft falls freely before each use or on a daily basis.

4.2 Check the sharpness of the cone at least daily using the cone wear template. Replace the
cone when the point cannot be felt when brushed lightly with a fingertip when the cone is
pushed through the hole in the cone wear template.

5 Procedure

The procedure shall be as follows:

5.1 Prepare the sample as detailed in Section 5 of Test Method Q101, either air drying the
material or drying in a 45-50°C oven as necessary. Obtain a representative subsample and
further prepare the material as detailed in Subsection 6.4 of Test Method Q101 using a mortar
and pestle and screening it on a 0.425 mm sieve to produce a fine fraction subsample of
approximately 300 g.

5.2 Transfer the soil fines to the mixing bowl and add a small amount of potable water.

5.3 Mix the soil and water thoroughly for several minutes until it becomes a stiff homogeneous
paste ready for curing (Note 9.2). A penetration in the range of 9 mm to 12 mm, as determined
in Steps 5.6 to 5.13, provides a suitable moisture content for effective curing.

54 Place the soil/water mixture in an airtight container to cure for at least 12 hours to allow the
moisture to permeate the soil.

5.5 After curing, mix the soil / water thoroughly for 3 minutes.

5.6 Determine the mass of a moisture content container and lid (m, ).

5.7 Fill the test receptacle by placing the test material in the bottom of the container and exerting
adequate pressure on the spatula to displace the soil / water mixture in an outward direction to
remove any air from the mixture.

5.8 Completely fill the container in this manner and level the surface of the mixture with no more
than three strokes of the spatula held almost flat. The soil / water mixture in the test container
is now ready for penetration.

5.9 To prevent moisture loss during testing, cover the mixing bowl with a moist cloth.
5.10 Zero the depth indicator gauge with the penetrometer shaft and cone at the maximum height.

5.11 Position the filled test receptacle centrally under the point of the cone of the penetrometer and
bring the cone into contact with the surface of the soil / water mixture.

5.12 Release the penetrometer shaft and allow the cone to penetrate the soil / water mixture for a
period of 5 = 0.5 seconds.

5.13 Depress the depth indicator plunger with a light downward pressure and record the depth of
penetration of the cone into the soil to the nearest 0.1 mm.

5.14  Return the penetrometer head to its original position, remove the test receptacle and clean the
penetration cone.

5.15 Remove the soil / water mixture from the test container and add it back into the mixing bowl.

516  Wipe the test receptacle clean with a moist cloth and store inverted ready for the next
penetration test or use a clean test receptacle.
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Test Method Q104A: Liquid limit of soil

5.17

5.18

5.19

5.20

5.21

5.22

5.23

6.1

6.2

Thoroughly remix the soil sample in the mixing bowl for a period of 30 seconds and repeat
Steps 5.6 to 5.16.

Compare the two penetrations and, if they are within 1.0 mm of each other, then the results
may be averaged. Record this average as the penetration value of the sample (p;). If the

two penetrations are not within 1.0 mm of each other, then repeat Steps 5.6 to 5.16.

If the average penetration is less than 10 mm, add additional water to the soil / water mixture
and thoroughly mix for 3 minutes. Repeat Steps 5.6 to 5.18 to achieve an average penetration
value between 10-12 mm.

Immediately after the penetration of the second subsample of an acceptable pair of results,
remove the mixture from the test receptacle and return it to the mixing bowl. Remix the
soil/water mixture for 30 seconds.

After this remixing, place about 10-15 g of the soil sample in a moisture container and firmly
replace the lid (Note 9.3).

Record the mass of the container, lid and wet soil to the nearest 0.01 g (m, ). Determine the

moisture content of the sample as detailed in Test Method AS 1289.2.1.1. Record the
moisture content to the nearest 0.1 percent (w, ).

Repeat Steps 5.6 to 5.22 four times for successive moisture increments. It is desirable that the
first two penetration values of the liquid limit test are less than 14.5 mm, one penetration is
between 14.5 mm and 16.5 mm and two penetration values are greater than 16.5 mm. The
same penetrometer must be used for the complete liquid limit test. The sample shall be
thoroughly remixed for a period of 3 minutes after each moisture increment.

Calculations

Calculate the liquid limit of the soil as follows:

Determine the relationship between the moisture contents ( w, ) and the penetrations (p,)

using linear regression analysis of the following relationship:

w=b(log,,p)+a

where W = moisture content (%)
b = slope of linear relationship
p = penetration (mm)
a = vy intercept of linear relationship

Determine the slope of the linear relationship as follows:

b= nz IOglopW—Z loglopz w
nZ“logmpz—(Z“logmp>2

where b = slope of linear relationship
n = number of pairs of test results (5)
dlog,pw = sum of the products of the corresponding results for the

log10 penetrations ( p, ) and moisture contents (W, )
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6.3

6.4

7.1
7.2

8.2

9.2

D log,p = sum of the log10 penetrations (p;)
ZW = sum of the moisture contents (W, )
(Xlogwp) = sum of the squares of the log10 penetrations (p;)

Determine the y intercept of the linear relationship as follows:
1
a:H(Z w—bZloglop)

where a = vy intercept of linear relationship

= number of pairs of test results (5)

n
ZW sum of the moisture contents (w, )

b

slope of linear relationship
D log,p = sum of the log10 penetrations (p;)

Calculate the liquid limit of the soil as follows:

y=1.19b+a
where Y = liquid limit of the soil (Note 9.4)
b = slope of linear relationship
a =y intercept of linear relationship
Report

Report the following values and general information:
Report the liquid limit to the nearest 0.2%.
The number of this test method, that is Q104A.

Precision

Repeatability

Duplicate tests on the same sample by the same operator are acceptable if the results do not
differ by more than 0.23 \/E where L is the average liquid limit for the duplicate tests.
Reproducibility

Duplicate tests on the same sample by different laboratories are acceptable if the results do
not differ by more than 0.94 x/f where L is the average liquid limit for the duplicate tests.

Notes on method

Some devices such as calliper rules (digital or vernier displays) do not require a repeatability
assessment as detailed in AS 1984. For such devices, the requirement for repeatability error
in Table 1 will not apply.

Inadequate mixing may results in an erroneous value being obtained for the liquid limit (usually
less than the true value). This is due to the time required for water to penetrate into absorptive
particles and into the internal structure of some clays and for mechanical disturbance to break
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Test Method Q104A: Liquid limit of soil

up aggregations of finer particles, particularly clays. The sample should be mixed using a

technique of applying firm pressure with the spatula to the paste, against the surface of the

bowl, followed by folding of the paste.

9.3 This quantity of soil is less than that required by Test Method AS 1289.2.1.1. However,
because of the uniformity of the soil that constitutes the sample, it is considered to be an
acceptable quantity.

9.4 The calculation in Step 6.4 has been simplified from y=(log,,15.5)b+a.

Table 1 — Working tolerances for apparatus

Apparatus Value Tolerance

Penetrometer - depth indicator

Resolution (mm) 0.1 Maximum
Indication error (mm) 0.0 +0.2
Repeatability error (mm) 0.0 *+0.05

Penetration cone

Cone angle (degrees) 30 *1

Cone, cone holder and shaft

Mass (g) 80 +0.1
Cone wear template

Thickness (mm) 1.75 +01
Hole diameter (mm) 1.5 +0.05

Test receptacles

Internal diameter (mm) 50 5

Internal depth (mm) 45 *+10
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Test Method Q104D: Liquid limit of soil - one point

1 Source

This method is based on BS 1377-2: Methods of test for soils for civil engineering purposes — Part 2:
Classification tests — Method 4.4: One-point cone penetrometer method. However, the liquid limit is
defined in this method as the moisture content at a penetration of 15.5 mm, thus the factor calculated
in Step 6.1 will be different from the source method. There are some other minor procedural
differences.

This method also includes variations developed through internal departmental investigations (Main
Roads Barcaldine District, "Determination of the Liquid Limit of Decomposed Sandstone by the Cone
Point Method" D07-03-1987 and Vanderstaay A.G.B., “Material Sources in Western Queensland”,
Western Queensland Best Practice Guidelines — WQ33, May 2000) to allow the testing of Winton
sandstone material.

2 Scope

This method describes a one-point procedure for the determination of the liquid limit of the portion of a
soil passing the 0.425 mm sieve using the cone penetrometer apparatus.

This method is less accurate than the standard method described in Test Method Q104A. In the case
of any doubts when using this method, the sample should be retested using Test Method Q104A
(except for Winton Sandstones, which cannot be tested using Test Method Q104A).
3 Apparatus
Where appropriate, the working tolerances of particular apparatus are contained in Table 1.
The following apparatus is required:

3.1 Penetrometer, a manual or automatic release penetrometer generally complying with
BS EN 1426, with the exception of the following features:

a) Depth indicator, with a resolution, maximum recorded indication error and a maximum
recorded repeatability error not exceeding the working tolerances. A device such as a dial
gauge, calliper rule, displacement transducer or similar device would be suitable.

b) Penetration cone, a polished stainless steel cone with a cone angle of 30°.
c) The total moving mass of the cone, cone holder, shaft and any adjusting masses is 80 g.

3.2 Cone wear template, consisting of a metal plate 1.75 mm thick, with a hole of
1.5 mm diameter.

3.3 Sieve, 0.425 mm complying with ISO 3310.
3.4 Timing device, a stopwatch or audible seconds counter accurate to 0.5 seconds.

3.5 Balance of suitable capacity, having a resolution of at least 0.01 g and with a limit of
performance within the range of £ 0.05 g.

3.6 Mixing bowl, about 150 mm diameter and 100 mm deep.
3.7 Drying ovens:
3.7.1  Oven of suitable capacity, having a temperature of 45 - 50°C and complying with AS 1289.0.

3.7.2 Oven of suitable capacity, having a temperature of 105 - 110°C and complying with
AS 1289.0.
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3.8
3.9
3.10

3.11
3.12

4.1
4.2

5.1
5.1.1

5.1.2
5.1.3

5.1.5
5.1.6

5.1.9
5.1.10
5.1.11

5.1.12

Spatula.
Containers with lids, for moisture content determination.

Test receptacles, containers having an internal diameter of 50 mm and an internal depth of
45 mm. Suitable containers are of heavy gauge aluminium, about 1.2 mm thick.

Potable water.

Curing containers, airtight containers to be used for curing of samples.

Adjustment on apparatus

Check that the penetrometer shaft falls freely before each use or on a daily basis.

Check the sharpness of the cone at least daily using the cone wear template. If the point
cannot be felt when brushed lightly with the tip of the finger when the cone is pushed through
the hole, the cone must be replaced.

Procedure

The procedure shall be as follows:

For materials other than Winton Sandstone:

Prepare the sample as detailed in Section 5 of Test Method Q101, either air drying the
material or drying in a 45-50°C oven as necessary. Obtain a representative subsample and
further prepare the material as detailed in Subsection 6.4 of Test Method Q101 using a mortar
and pestle and screening it on a 0.425 mm sieve to produce a fine fraction subsample of
approximately 150 g.

Transfer the test portion to the mixing bowl and add a small amount of potable water.

Mix the soil and water thoroughly for several minutes until it becomes a stiff homogeneous
paste ready for curing (Note 8.1). A penetration in the range of 9 mm to 21 mm, as determined
in Steps 5.1.7 to 5.1.13, provides suitable moisture content for effective curing.

Place the soil / water mixture in an airtight container to cure for at least 12 hours to allow the
moisture to permeate the soil.

After curing, mix the soil / water thoroughly for 3 minutes.

Determine the mass of a moisture content container and lid (m, ).

Fill the test receptacle by placing the test material in the bottom of the container and exerting
adequate pressure on the spatula to displace the soil / water mixture in an outward direction to
remove any air from the mixture.

Completely fill the container in this manner and level the surface of the mixture with no more
than three strokes of the spatula held almost flat. The soil / water mixture in the test container
is now ready for penetration.

To prevent moisture loss during testing, cover the mixing bowl with a moist cloth.
Zero the depth indicator with the penetrometer shaft and cone at the maximum height.

Position the filled test receptacle centrally under the point of the cone of the penetrometer and
bring the cone into contact with the surface of the soil / water mixture.

Release the penetrometer shaft and allow the cone to penetrate the soil/water mixture for a
period of 5 + 0.5 seconds.
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Test Method Q104D: Liquid limit of soil — one point

5.1.13 Depress the indicator plunger with a light downward pressure and record the depth of
penetration of the cone into the soil to the nearest 0.1 mm.

5.1.14 Return the penetrometer head to its original position, remove the test receptacle and clean the
penetration cone.

5.1.15 Remove the soil / water mixture from the test container and add it back into the mixing bowl.

5.1.16 Wipe the test receptacle clean with a moist cloth and store inverted ready for the next
penetration test or use a clean test receptacle.

5.1.17 Thoroughly remix the soil sample in the mixing bow! for a period of 30 seconds and repeat
Steps 5.1.7 t0 5.1.16.

5.1.18 Compare the two penetrations and, if they are within 1.0 mm of each other and the average
penetration is within the 10-21 mm range, then the results may be averaged (p ). Record this

average as the penetration value of the sample. If the two penetrations are not within 1.0 mm
of each other, then repeat Steps 5.1.7 to 5.1.16.

5.1.19 If the average penetration is less than 10 mm, add additional water to the soil/water mixture
and thoroughly mix for 3 minutes. Repeat Steps 5.1.7 to 5.1.18 to achieve an average
penetration value between 10-21 mm.

5.1.20 Immediately after the penetration of the second subsample of an acceptable pair of results,
remove the mixture from the test receptacle and return it to the mixing bowl. Remix the
soil/water mixture for 30 seconds.

5.1.21 After this remixing, take a representative sample of and place in a pre-weighed moisture
container and firmly replace the lid. A 10-15 g moisture sample is adequate for this test due to
the uniformity of the test portion.

5.1.22 Determine the mass of the container and wet soil (m, ). Determine the moisture content of the
sample as detailed in Test Method AS 1289.2.1.1.

5.2 For Winton Sandstone materials (Note 8.2):

5.2.1 Prepare the sample as detailed in Section 5 of Test Method Q101, either air drying the
material or drying in a 45 - 50°C oven as necessary. Obtain a representative subsample and
further prepare the material as detailed in Subsection 6.4 of Test Method Q101 using a mortar
and pestle and screening it on a 0.425 mm sieve to produce a fine fraction subsample of
approximately 200 g.

5.2.2 Transfer the test portion to the mixing bowl and add potable water (Note 8.3).

5.2.3 Mix the soil and water thoroughly for 5 minutes (Note 8.1). The addition of small increments of
water to facilitate mixing is permitted provided the total mixing time remains 5 minutes.

5.2.4 Place the soil/water mixture in an airtight container to cure for at least 12 hours to allow the
moisture to permeate the soil.

5.2.5 After curing, mix the soil / water thoroughly for 10 minutes.

5.2.6 Determine the mass of a moisture content container and lid (m, ).

5.2.7 Fill the test receptacle by placing the test material in the bottom of the container and exerting
adequate pressure on the spatula to displace the soil / water mixture in an outward direction to
remove any air from the mixture.
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5.2.8

5.2.9
5.2.10
5.2.11

5.2.12

5.2.13

5.2.14

5.2.15
5.2.16

5.2.17
5.2.18

5.2.19

5.2.20

6.2

Completely fill the container in this manner and level the surface of the mixture with only one
stroke of the spatula held almost flat. The soil / water mixture in the test container is now ready
for penetration.

To prevent moisture loss during testing, cover the mixing bowl! with a moist cloth.
Zero the depth indicator with the penetrometer shaft and cone at the maximum height.

Position the filled test receptacle centrally under the point of the cone of the penetrometer and
bring the cone into contact with the surface of the soil / water mixture.

Release the penetrometer shaft and allow the cone to penetrate the soil / water mixture for a
period of 5 £ 0.5 seconds.

Depress the indicator plunger with a light downward pressure and record the depth of
penetration of the cone into the soil to the nearest 0.1 mm.

Return the penetrometer head to its original position, remove the test receptacle and clean the
penetration cone.

Discard the soil / water mixture in the test receptacle.

Wipe the test receptacle clean with a moist cloth and store inverted ready for the next
penetration test or use a clean test receptacle.

Repeat Steps 5.2.7 t0 5.2.14.

Compare the two penetrations and, if they are within 1.0 mm of each other and the average
penetration is within the 10-21 mm range, then the results may be averaged (p ). Record this

average as the penetration value of the sample. If the two penetrations are not within 1.0 mm
of each other or outside the 10-21 mm range, then discard the sample and repeat the entire
test.

Immediately after the penetration of the second subsample of an acceptable pair of results,
remove the top surface layer of the soil water mixture in the test receptacle with a spatula and
place in a pre-weighed moisture container and firmly replace the lid. A 10-15 g moisture
sample is adequate for this test due to the uniformity of the test portion.

Determine the mass of the container and wet soil (m, ). Determine the moisture content of the
sample as detailed in Test Method AS 1289.2.1.1.

Calculation
Calculate the correction factor for penetration value as follows:

f=2.1261 p 07>

where f = correction factor for penetration value of the sample
p = average penetration value (mm)
Calculate the liquid limit of the soil as follows:
w =wf
where 1 = liquid limit of the sail
C
W = moisture content of soil
f = correction factor for penetration value of the sample
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7.1
7.2
7.3

8.2

8.3

Reporting

Report the following values and general information:

Liquid limit to the nearest 0.2%.

If the material tested is Winton Sandstone, this should be reported.

The number of this test method, that is Q104D.

Notes on method

Inadequate mixing may results in an erroneous value being obtained for the liquid limit (usually
less than the true value). This is due to the time required for water to penetrate into absorptive
particles and into the internal structure of some clays and for mechanical disturbance to break
up aggregations of finer particles, particularly clays. The sample should be mixed using a
technique of applying firm pressure with the spatula to the paste, against the surface of the
bowl, followed by folding of the paste.

The mixing times specified in Steps 5.2.3 and 5.2.5 need to be strictly adhered to for Winton
Sandstone. Variations in mixing time can significantly affect the results.

The water added should be sufficient to produce the desired consistency slightly stiffer than
liquid limit at the conclusion of mixing.

Table 1 — Working tolerances for apparatus

Apparatus Value Tolerance

Penetrometer - depth indicator

Resolution (mm) 0.1 Maximum
Indication error (mm) 0.0 +0.2
Repeatability error (mm) 0.0* +0.05
Penetration cone

Cone angle (°) 30 +1
Cone, Cone holder and shaft

Mass (g) 80 +0.1
Cone wear template

Thickness (mm) 1.75 +0.1
Hole diameter (mm) 1.5 +0.05
Test receptacles

Internal diameter (mm) 50 +5
Internal depth (mm) 45 +10

* Some devices such as calliper rules (digital or vernier displays) do not require a repeatability assessment as
detailed in AS 1984. For such devices, the requirement for repeatability error will not apply.
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Test Method Q105: Plastic limit and plasticity index of soil

1 Source

This method is based on AS 1289.3.2.1: Soil classification tests — Determination of the plastic limit of a
soil — Standard method and AS 1289.3.3.1: Soil classification tests — Calculation of the plasticity index
of a soil except as follows:

a) when determining plastic limit, the sample is initially prepared to an oven or air dried condition

b) for compliance testing required by Transport and Main Roads technical specifications the
sample is then brought to a moisture content higher than the liquid limit before commencing
the test

c) for other testing the sample is then brought to a moisture content sufficient to allow the sample to
be shaped into a ball

d) rolling of soil threads between the hands is not permitted

e) the definition of the endpoint where the soil thread reaches the plastic limit differs from the
source method, and

f) for the plasticity index, the calculation is based on a liquid limit determined using a cone
penetrometer.
2 Scope

This method describes the procedure for the determination of the plastic limit of the portion of a soil
passing the 0.425 mm sieve. The plastic limit is the moisture content at which the soil passes from the
semisolid to the plastic state as determined in accordance with this standard procedure.

The plasticity index is the numerical difference between the liquid limit and plastic limit and is a
measure of the range over which the soil is notionally considered to be in the plastic state.

The weighted plasticity index (WPI) is the product of the plasticity index (PI) of a soil and the
percentage of the soil finer than 0.425 mm.
3 Apparatus
Where appropriate, the working tolerances of particular apparatus are contained in Table 1.
The following apparatus is required:

3.1 Balance of suitable capacity, having a resolution of at least 0.01 g and with a limit of
performance within the range of +=0.05 g.

3.2 Glass plate, about 300 mm square, 10 mm thick, either ground glass or lightly sand blasted.

3.3 Drying oven of suitable capacity, having a temperature of 105-110°C and complying with
AS 1289.0.

34 Containers with lids, for moisture content determination.

3.5 Reference rod, 3.0 mm diameter and approximately 90 mm long.
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41

42

4.3

4.4

4.5

4.6
4.7

4.8

4.9

4.10

5.1

5.1.1

5.1.2
5.2

Determination of plastic limit
The procedure shall be as follows:

Obtain approximately 50 g of the soil/water mixture used in the liquid limit test (Q104A) at the
first average penetration greater than or equal to 15.5 mm.

Form a subsample of about 10 g into a ball and cover the remaining material to avoid
evaporation.

Roll the subsample between the fingers and the glass plate. Use sufficient finger pressure to
reduce the diameter of the subsample (Note 8.1).

When the length of the thread is approximately 90 mm long, divide the thread into three or
four equal lengths as excessively long threads become unwieldy and break apart. Cover the
threads to avoid evaporation.

Roll each thread in turn between the fingers and the glass plate. Use sufficient finger pressure
to reduce the diameter of the thread to 3 mm when compared to the reference rod. If the
thread reaches 3 mm without crumbling, cover the thread to avoid further moisture loss
(Notes 8.2, 8.3 and 8.4).

Roll all threads to a 3 mm diameter and then knead them together and reform into a ball.

Repeat the process of rolling and kneading as described in Steps 4.4 to 4.7 until crumbling of
the soil thread occurs (Note 8.5).

As each soil thread reaches the plastic limit, place it in a container for moisture determination
and replace the lid.

Repeat Steps 4.3 to 4.9 until at least 10 g of soil has been placed in the container. Determine
the moisture content ( W, ) of the test portion as detailed in Test Method AS 1289.2.1.1

(Note 8.6).

Repeat Steps 4.3 to 4.10 for a second determination of the plastic limit of the soil (w,).

Calculations
Calculations shall be as follows:

Calculate the plastic limit as follows:

PL= w,tw,
2
where PL = plastic limit of the soil
w, = moisture content of first test portion (%)
W, = moisture content of second test portion (%)

Compare the individual moisture contents and, if they vary by more than 0.43+/PL where
PL is the plastic limit, then repeat the test.

Round the plastic limit ( PL ) to the nearest 0.2 percent.
Calculate the plasticity index as follows:

PI=LL-PL
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where  PI = plasticity index of the soil (Note 8.7)
LL = reported liquid limit of the soil, obtained from either Test
Method Q104A or Q104D (%)
PL = plastic limit of the soil (%)
5.3 If required, calculate the weighted plasticity index as follows:
WPI=PIP, ,,;
where  WPI = weighted plasticity index of the soil (%)
PI = plasticity index of the soil (%)
P = percentage passing the 0.425 mm sieve, obtained from Test

0425 Method Q103A (Note 8.8)

6 Reporting
The following shall be reported:
6.1 Plastic limit to the nearest 0.2% (if required).
6.2 Plasticity index to the nearest 0.2%.
6.3 Weighted plasticity index to the nearest 1% (if required).

7 Precision
71 Repeatability
7.1.1 Plastic Limit

Duplicate tests by the same operator are acceptable if they do not differ by more than
0.31vPL , where PL is the average plastic limit for the duplicate tests.

7.1.2 Plasticity Index

Duplicate tests by the same operator are acceptable if the results do not differ by more than
0.33+/PI, where Pl is the average plasticity index for the duplicate tests.

7.2 Reproducibility
7.2.1 Plastic Limit

Duplicate tests from different laboratories are acceptable if they do not differ by more than
1.73+/PL , where PL is the average plastic limit for the duplicate tests.

7.2.2 Plasticity Index

Duplicate tests from different laboratories are acceptable if the results do not differ by more
than1.82+/PI , where PI is the average plasticity index for the duplicate tests.

8 Notes on method

8.1 For highly plastic soils, it may not be possible to roll the soil/water mixture because of its high
moisture content. Should this be the case, spread the soil on the glass plate to facilitate drying
at room temperature and remix thoroughly at regular intervals to ensure even distribution of
moisture. Use mixing techniques such as heavy kneading and hand mixing to facilitate drying.
Continue the drying and mixing until the soil can be rolled.
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8.2 If at any time during the rolling process the soil thread crumbles or ceases to roll before the
diameter reaches 3 mm, the soil thread is considered to be at the plastic limit and the test
continued from Step 4.9.

8.3 Crumbling will manifest itself differently for various types of soil. Some soils fall apart in
numerous small aggregations of particles; others may form an outside tubular layer that starts
splitting at both ends. The splitting progresses towards the middle and finally the thread falls
apart in numerous small platey particles.

8.4 Some soils show a tendency to crumble or cease to roll prematurely due to excessive
pressure. Premature crumbling can also be due to planes formed in the soil mass while
kneading it. It is important that the soil thread crumbles or ceases to roll due to decreasing
moisture content only. The operator should therefore ensure that the soil thread is truly
homogeneous with no planes or fissures in it and that the pressure exerted is just sufficient to
diminish the diameter of the thread without distorting it. Oblique rolling can also cause
premature crumbling of the soil thread, and take care to ensure that the rolling force is normal
to the axis of the thread.

85 The plastic limit test is liable to a significant amount of personal variation and operators require
a great deal of practice before they get the "feel" for all soils and are able to determine the
endpoint accurately. Follow the procedure detailed in this method to eliminate all possible
personal sources of variation.

8.6 The quantity of soil is less than that required by Test Method AS 1289.2.1.1. However,
because of the uniformity of the soil that constitutes the sample, it is an acceptable quantity.

8.7 If the plastic limit is greater than the liquid limit, record the plasticity index as zero.

8.8 The value of the percent passing the 0.425 mm sieve from Test Method Q103A used in the
calculation should be unrounded or recorded to 0.01%.

Table 1 — Working tolerances for apparatus

Apparatus Dimension Tolerance

Reference rod
Diameter (mm) 3.0 +0.3

Table 2 — Plasticity definitions

Material Liquid Limit Range
(%)
Low plasticity <35
Medium plasticity >35<50
High plasticity > 50
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Test Method Q106: Linear shrinkage of soil

1 Source

This method applies the principles of AS 1289.3.4.1 — Determination of the linear shrinkage of a
soil — Standard method. It differs from this Australian Standard in the cross-sectional shape of the
mould, trimming technique, drying requirements and the reporting interval (Notes 8.1 and 8.2).

2 Scope

This method describes the procedure for the determination of the linear shrinkage of that portion of a
soil passing a 0.425 mm sieve. The linear shrinkage is the percentage decrease in the longitudinal
dimension of a soil bar when dried from the liquid limit to the oven dry state.

The method also includes calculation of the weighted linear shrinkage that is the product of the linear
shrinkage of a soil and the percentage of the soil finer than 0.425 mm (Note 8.3).
3 Apparatus
Where appropriate, the working tolerances of particular apparatus are contained in Table 1.
The following apparatus is required:
3.1 Drying ovens:
3.1.1  Oven of suitable capacity, having a temperature of 45-50°C and complying with AS 1289.0.
3.1.2  Oven of suitable capacity, having a temperature of 105-110°C and complying with AS 1289.0.

3.2 Linear shrinkage mould, stainless steel or brass mould, length 150 mm, width at top 25 mm,
width at bottom 20 mm, depth 15 mm (Figure 1).

3.3 Suitable measuring device, with a resolution of at least 0.1 mm, for example, digital callipers.
3.4 Spatula.

3.5 Scalpel or similar alternative.

3.6 Marker and paper.

3.7 Steel ruler approximately 300 mm in length.

4 Materials
The following material is required:

4.1 Mould oil, a light oil such as Caltex Mould Oil 20 (Notes 8.4 and 8.5).

5 Procedure

The procedure shall be as follows:
5.1 Filling and finishing the mould
5.1.1 Lightly oil the dry shrinkage mould.

5.1.2 Fill the mould with a subsample of the soil/water mixture that has been prepared as detailed in
Test Method Q104A or Q104D. Take the linear shrinkage subsample while the penetration is
at15.5+ 1.0 mm.

5.1.3 Press the soil firmly into the mould, taking care to fill the corners and to eliminate air bubbles.
Undertake this filling with the spatula held at right angles to the length of the mould, firstly, by
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Test Method Q106: Linear shrinkage of soil

firming the soil along one side of the mould, then the other. Finally, fill any indentations in the
top so the soil is just proud of the edges of the mould.

5.1.4 Cut off the surplus soil with the steel ruler by drawing the steel ruler from the longitudinal
centre of the mould towards each side in turn. Then use a maximum of two full sideways
sweeps to smooth the surface if required. Wipe the ruler clean before each pass.

5.1.5 Place the filled mould in a 45-50°C oven for a minimum of two hours prior to drying to a
constant mass in a 105 - 110°C oven.

5.2 Measurement

5.2.1 Unbroken Soil Bar

a)

b)

Remove the soil bar from the mould and carefully remove any lip at each end of the soil
bar.

Determine the internal length of the mould from the approximate geometric centre of one
end of the mould to a similar point on the other end (L, ).

Place the bar on a strip of paper and shape the paper to conform to the longitudinal
profile of the bottom of the bar. Mark the length on the paper using the scalpel with the
mid points at each end clearly indicated.

Determine the distance between the two mid points as the bottom length of the soil bar
(L,).
Repeat Step c) for the top of the bar.

Determine the distance between the two mid points as the top length of the soil bar (L, ).

5.2.2 Broken Soil Bar

a)

b)

f)

Remove the soil bar from the mould and carefully remove any lip at each end of the soil
bar.

Determine the internal length of the mould from the approximate geometric centre of one
end of the mould to a similar point on the other end (L, ).

Place the bar on a strip of paper and shape the paper to conform to the longitudinal
profile of the bottom of the bar. Mark the length on the paper using the scalpel with the
mid points at each end clearly indicated.

Place the second segment such that the end where the first break occurred is coincident
with the marked end of the break in the first segment. Mark the end of the second
segment on the paper using the scalpel with the mid-point clearly indicated.

Place and mark all subsequent segments in sequence as described in Step d) until all
segments have been marked on the paper.

Determine the distance between the first and last mid points as the bottom length of the
soil bar (L,).

Repeat Steps c) to e) for the top of the soil bar.

Determine the distance between the first and last mid points as the top length of the soil
bar (L;).

Record the number of breaks in the soil bar at the completion of measurement.
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6 Calculation

Calculations shall be as follows:

6.1 Calculate the linear shrinkage of the soil as follows:
L L,-0.5(L,+L,) 100
1
where .S = linear shrinkage of the soil (%)
L, = internal length of the mould (mm)
L, = bottom length of the soil bar (mm)
L, = top length of the soil bar (mm)
6.2 If required, calculate the WLS as follows:
WLS=LS P, ,,;
where  WLS = weighted linear shrinkage of the soil (%)
LS = linear shrinkage of the soil (%)
P = percentage passing the 0.425 mm sieve, obtained from Test

042 Method Q103A (Note 8.6)
7 Reporting
The following shall be reported:
71 Linear shrinkage to the nearest 0.2%.
7.2 Weighted linear shrinkage to the nearest 1% (if required).
7.3 The number of this test method, that is Q106.

8 Notes on method

8.1 The use of a trapezoidal cross section mould and the drying process were developed through
internal departmental investigations as reported in Vanderstaay A.G.B., "An analysis of the
linear shrinkage test MRD Test Method Q106 — 1986", Main Roads Department, Central
Division, CR383, 1986.

8.2 The use of a ruler for the trimming of the mould was developed through internal departmental
investigations as reported in Moule B., “Analysis of the proposed linear shrinkage trimming
method", Department of Transport and Main Roads, Materials Services Branch, 2008.

8.3 The weighted linear shrinkage may also be defined as the shrinkage product. For example the
“Unsealed Roads Manual’, Australian Roads Research Board, 3 Edition, March 2009, uses
this terminology.

8.4 Before handling oil, the operator should consult the relevant SDS.

8.5 Other mould oils such at Shellmould P5, Reochem Mould Oil 20 and Caltex Mould Oil 222
have also been found to be suitable.

8.6 The value of the percentage passing the 0.425 mm sieve from Test Method Q103A used in
the calculation should be unrounded or recorded to 0.01%.
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Table 1 — Working tolerances for apparatus

Apparatus Value Tolerance

Mould

Length (mm) 150 5

Inside width — top (mm) 25 +

Inside width — bottom (mm) 20 +

Inside depth (mm) 15 +0.5

Figure 1 — Linear shrinkage mould
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Test Method Q113A: California Bearing Ratio of soil — standard

1 Source

This method applies the principles of AS 1289.6.1.1: Determination of the California Bearing Ratio of a
soil for a remoulded specimen. It differs from this standard in that it uses multiple specimens and limits
the amount of correction which can be applied to the force — penetration curve to 0.5 mm. There are
also a number of minor changes to apparatus requirements.

2 Scope

This method describes the procedure for determining the CBR. It is applicable to soil, gravel or
crushed rock materials. CBR is defined as the ratio of the force required to cause a circular plunger of
1932 mm? area to penetrate the material for a specified distance expressed as a percentage of a
standard force. The standard forces used in this method are 13,200 and 19,800 newtons for
penetrations of 2.5 and 5.0 mm respectively.

Test specimens are prepared from passing 19.0 mm material, cured at a range of moisture contents
and compacted using a standard compactive effort of 596 kJ/m3. They are then tested either in a
soaked or unsoaked condition. The method allows for the determination of CBR MDD and OMC as
well as the optional determination of swell and post penetration moisture content. Neither CBR MDD
nor CBR OMC may be used for compaction control. The CBR of the material is determined at CBR
OMC.

3 Apparatus

Where appropriate, the working tolerances of particular apparatus are contained in Tables 1
and 2.

The following apparatus is required:
3.1 CBR machine, fitted with the following:

a) a moveable lower platen that travels at a uniform vertical upward rate of 1 mm/min when
measured loaded

b) force measuring device, at least Class C as defined in AS 2193 for the range of forces
used in this test; equipped with an indicator of a resolution not exceeding 25 N and
capable of indicating seating load of 45 N (Notes 8.1 and 8.2)

c) penetration piston, having a diameter of 49.6 mm and about 190 mm long, having
provision for affixing a suitable penetration gauge (Note 8.3), and

d) penetration gauge, such as a dial gauge, conforming with the requirements of ISO 463 or
JIS B 7503, with a resolution of 0.01 mm and a travel of 25 mm, or a displacement
transducer of at least equal performance.

3.2 Mould assembly, comprising a cylindrical metal mould having an internal diameter of 152 mm
and a height of 178 mm, two detachable baseplates and a removable collar having a height of
about 60 mm. One baseplate (perforated baseplate) should have 28 x 3 mm diameter holes
uniformly distributed over the area of the plate.

3.3 Spacer disc, having a diameter of 150 mm and a height of 61 mm.

3.4 Stem and perforated plate, having a diameter of 150 mm, mass of 1000 g and with 42 x 3 mm
diameter holes uniformly distributed over the plate.
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3.5

3.6

3.7

3.8

3.9

3.10
3.1
3.12

3.13

3.14
3.15

3.16

3.17

41
42

5.1
5.1.1

Soaking weight, having a mass of 4500 g and a diameter of approximately 150 mm, with a
centre hole of approximately 55 mm diameter. The surface of the weight in contact with the
perforated plate is to be centrally recessed to a minimum depth of 2 mm for a diameter of
approximately 120 mm.

Surcharge weights, two metal weights each having a mass of 2250 g and a diameter of
150 mm, with a centre hole of approximately 55 mm diameter.

Swell gauge, consisting of a tripod and a suitable gauge, for example, a dial gauge,
conforming with the requirements of ISO 463 or JIS B 7503, with a resolution of 0.01 mm and
a travel of 25 mm.

Balance of suitable capacity, having a resolution of at least 1 g and with a limit of performance
within the range of £ 5 g.

Rammer, a metal rammer having a 50 mm diameter face, a drop mass of 2700 g and a drop
height of 300 mm. Alternatively use a mechanical compactor, provided it meets the essential
requirements of drop height, mass and energy input. A mechanical compactor may be used
provided the essential dimensions are adhered to and the rammer has a free vertical fall of the
correct height with blows being uniformly distributed and in keeping with any prescribed cycle
of blows. The design of the compactor allows attachment of the mould to a level and rigid
support base. The difference between maximum dry density determinations using manual or
mechanical compaction is less than 2%.

Sieves, 19.0 mm and 9.50 mm conforming with ISO 3310.
Water bath, of sufficient depth to immerse the moulded specimen in water.

Level and rigid foundation upon which to compact the specimen, for example, a 100 mm thick
sound concrete floor or a concrete block of at least 100 kg mass.

Straightedge, made of steel and having the approximate dimensions of length 250 mm, width
25 mm and thickness 3 mm, preferably with a bevelled edge.

Sealable containers, suitable for curing soil samples.

Sample extruder, such as a jack, lever frame or other device suitable for extracting compacted
soil specimens from the mould.

Material height gauge. A flat steel bar, about 250 mm long, 25 mm wide and 1-3 mm thick is
satisfactory (Note 8.4).

Mixing apparatus, such as a tray, trowel or scoop and water sprayer.

Materials
The following materials are required:
Filter paper, a coarse filter paper such as Whatman No. 1.

Mould oil, a light mould oil such as Caltex Mould Oil 20 (Note 8.5).

Procedure
The procedure shall be as follows:
Sample preparation

Prepare the bulk sample as detailed in Section 5 of Test Method Q101 to produce a
representative subsample of appropriate size.
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5.2
5.21
5.2.2

5.2.3

5.3

5.3.1

5.3.2

5.3.3

5.3.4

5.3.5

5.3.6

5.3.7

Further prepare the material by screening the subsample on a 19.0 mm sieve as detailed in
Q101, Steps 6.2.1 to 6.2.3. Ensure that any aggregations are broken up to pass a 9.50 mm
sieve. Discard any material retained on the 19.0 mm sieve and thoroughly remix the material
passing the 19.0 mm sieve.

Prepare four or more representative test portions of the sieved material as detailed in Test
Method Q101, Steps 6.2.4 to 6.2.6 of appropriate mass (Note 8.6).

Thoroughly mix each test portion in turn with sufficient water so that the range of their moisture
contents should straddle optimum moisture content (Note 8.7). The moisture increments
between portions shall be essentially equal (Note 8.8).

After mixing, place each test portion in a sealed container and allowed to cure for an
appropriate time for the material (refer to Table 3) (Note 8.9). Record the times of
commencement and completion of the curing.

Record the method for determining the plasticity level (refer to Table 3), that is, test method,
source records or visual/tactile assessment.

Mould preparation
Lightly oil the inside of the mould and then assemble the mould and perforated baseplate.

Determine the mass of the mould and perforated baseplate (m, ). When a soaked CBR test is

to be performed, add two filter papers to the mould and perforated baseplate.

Attach the second baseplate to the mould, invert the mould and remove the perforated
baseplate and both filter papers, if added. Insert the spacer disc in the mould and attach the
collar to the mould.

Compaction

Spread the cured test portion on the mixing tray and thoroughly remix. Take a representative
subsample and determine the compacted moisture content (W ) as detailed in Test

Method AS 1289.2.1.1.

Place sufficient of the mixed test portion in the mould to achieve a mean compacted height
within the range of 39 mm to 44 mm.

Compact the material in the mould using 53 uniformly distributed blows of the rammer falling
freely through its full height.

Measure the height of the compacted specimen using the layer depth gauge at a minimum of
four locations such that the mean of the measurements is representative of the average height
of the specimen. Discard the specimen if its mean height falls outside the range of 39 mm to
44 mm.

Repeat Steps 5.3.2 to 5.3.4, except that the mean compacted height of the specimen shall be
within the range of 78 mm to 83 mm.

Repeat Steps 5.3.2 to 5.3.4, except that the mean compacted height of the specimen shall be
within the range of 117 mm to 122 mm.

Remove the collar and level the compacted material to the top of the mould by means of the
straightedge. Fill any holes developed in the surface due to removal of coarse material using
some of the excess material. When a soaked CBR test is to be performed, place a filter paper
on the surface of the compacted material.
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5.3.8

5.3.9

5.3.10

5.3.11

5.3.12

5.4
5.4.1

54.2

5.4.3

5.4.4

5.4.5

5.4.6
5.4.7
5.5

5.5.1
5.5.2

5.5.3

554
5.5.5

Reattach the perforated baseplate to the mould and invert the mould. Remove the second
baseplate and spacer disc. When a soaked CBR test is to be performed, place a filter paper
on the surface of the compacted material.

Determine the mass of the mould, perforated baseplate and compacted material (m, ).

When testing the compacted material in the soaked condition, soak the compacted material as
detailed in Subsection 5.4.

When testing the compacted material in the unsoaked condition, penetrate the compacted
material as detailed in Subsection 5.5.

Prepare additional moulds as detailed in Subsection 5.2 and Subsection 5.3 for the other test
portions so that at least four specimens are penetrated. These specimens shall include at
least two specimens dry of OMC and shall provide a range of moisture content that straddles
OMC and adequately defines the dry density/moisture content relationship under these
particular compaction conditions. If necessary, cure, compact and penetrate additional test
portions as detailed in Subsections 5.1, 5.3 and 5.5.

Soaking

Centrally locate the stem and perforated plate together with a soaking weight on the filter
paper.

If required, obtain an initial reading for swell at a marked reference point by placing the tripod
of the swell gauge on the top of the mould so that the contact point of the dial gauge is in
contact with the highest point of the stem. Record the dial gauge reading (1;) and then remove

the swell gauge.

Place the mould in the water bath, allowing free access of water to the top and bottom of the
specimen. Soak the specimen for 96 + 4 hours with the water level being maintained above
the mould during this period.

If required, take a final reading for swell by locating the swell gauge in the same position
(Step 5.4.2) on top of the mould. Record the dial gauge reading (1, ) and then remove the

swell gauge.

Remove the mould from the water bath and tilt the mould to pour off any excess water. Return
it to the upright position and allow draining for 15 minutes. Do not disturb the surface of the
specimen during the removal of water.

Remove the soaking weight and the stem and perforated plate from the mould.
Penetrate the specimen as detailed in Subsection 5.7.

Penetration

Centrally locate the two surcharge weights on the compacted sample in the mould.

Position the mould on the platen of the CBR machine so that the mould is located centrally
under the penetration piston and the piston almost touches the surface of the material.

Zero the force measuring device indicator and seat the penetration piston by applying a force
of about 45 N (Note 8.10).

Zero the force measuring device indicator and penetration gauge (Note 8.11).

Commence penetration of the specimen and record the force measuring device indicator
readings for every 0.5 mm penetration to a minimum penetration of 7.5 mm.
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5.5.6 Remove the mould from the CBR machine. Remove the surcharge weights. Extrude the
compacted soil from the mould and obtain any requested final moisture content (W, ) as

follows:
a) For compacted material penetrated in the soaked condition:

i.  Remove the filter papers and obtain a moisture sample to a depth of 30 mm from the
end of the specimen that contains the penetration depression.

ii.  Obtain a second moisture sample from a uniform section through the entire depth of
the remainder of the specimen.

iii. Determine the moisture content (W ) of each sample in accordance with Test
Method AS 1289.2.1.1.

b) For compacted material penetrated in the unsoaked condition:

i.  Obtain a moisture sample from a uniform section through the entire depth of the
specimen.

i. Determine the moisture content (W, ) of the sample in accordance with Test
Method AS 1289.2.1.1.

6 Calculations
Calculations shall be as follows:
6.1 Compacted dry density

6.1.1  Calculate the compacted dry density as follows:

100(m,-m, )
PN (100+w, )
where Py = compacted dry density (t/m3)
m, = mass of mould, baseplate and compacted material (g)
m, = mass of mould and baseplate (g)
AY4 = effective volume of mould (cm3)
W = compacted moisture content (%)
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6.2 Zero air voids line

6.2.1 Determine at least two moisture content points for the chosen air voids line, from the soil
particle density (Note 8.12) by using dry density values corresponding to the lowest and
highest values determined in Step 6.1 as follows (Note 8.13):

100-V, 100
W = - —
pd ps
where w = moisture content, expressed as a percentage of the mass of dry
material
\Y = volume of chosen air voids, expressed as a percentage of the
! volume of undried material
Py = dry density of material (t/m?)
p = soil particle density (t/m?3)
S

6.3 Swell

6.3.1 If the measurement of swell is required, calculate it for each specimen as follows:

s:(ﬂjloo
17

where § =  swell (%)
T, = final dial gauge reading (mm)
I = initial dial gauge reading (mm)

6.4 Bearing ratio
Determine the bearing ratio at 2.5 mm and 5.0 mm penetration for each specimen as follows:

6.4.1  Convert the force indicator readings to applied forces in newtons using the appropriate
calibration for the force measuring device (Note 8.14).

6.4.2 Plot the applied forces against the corresponding penetration values and draw a smooth curve
through the points.

6.4.3 When the force-penetration curve commences with a concave upward portion (refer to
Figure 1 and Note 8.15), adjust the penetration scale as follows:

a) Draw a tangent through the steepest part of the curve to intersect the penetration axis.

b) The intercept with the penetration (x) axis is the new origin provided its value does not
exceed 0.5 mm.

c) Where the intercept exceeds 0.5 mm, the new origin is 0.5 mm.
d) Adjust the 2.5 mm and 5.0 mm values in relation to the re-designated origin.

6.4.4 Determine the values of applied force (f, ;and f; ) corresponding to the adjusted 2.5 mm

and 5.0 mm penetrations.
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6.4.5

6.5
6.5.1

6.5.2

6.5.3

6.5.4

6.5.5

6.5.6

6.5.7

7.1
711

713
7.1.4

Calculate the bearing ratio at 2.5 mm and 5.0 mm penetrations and record these ratios as
CBR,; and CBR;,as follows:

CBR,  sl®0
13200
CBR,, - 20100
19800

where CBR25 California Bearing Ratio corresponding to 2.5 mm penetration (%)

CBRs.o = California Bearing Ratio corresponding to 5.0 mm penetration (%)
f25 = applied force corresponding to 2.5 mm penetration (N)
fso = applied force corresponding to 5.0 mm penetration (N)

California Bearing Ratio

Plot the compacted dry densities for the compacted specimens against their corresponding
compacted moisture contents.

Plot the zero air voids data (corresponding to compacted dry densities and compacted
moisture contents) on the same graph used in Step 6.5.1 and draw a straight line through the
points.

Draw a smooth curve of best fit through the data points plotted in Step 6.5.1 with the wet leg of
the curve tending parallel to the zero air voids line.

Plot the bearing ratios of the compacted specimens on a logarithmic scale against their
corresponding compacted moisture contents on a linear scale.

Draw one smooth curve through bearing ratios corresponding to 2.5 mm penetration and draw
another smooth curve through bearing ratios corresponding to 5.0 mm penetration.

Determine the bearing ratios corresponding to the peak of the compacted dry density versus
compacted moisture content curve and record as CBR 2.5 mm and CBR 5.0 mm respectively.

Determine the peak compacted dry density and record as the CBR MDD. Determine the
compacted moisture content corresponding to the peak dry density and record as the CBR
OMC.

Reporting

The following shall be reported:

A tabulation of compacted moisture content (refer to Test Method AS 1289.2.1.1) and
compacted dry density to the nearest 0.01 t/m3, together with the bearing ratio at 2.5 mm
penetration and the bearing ratio at 5.0 mm penetration for each specimen.

A graph of compacted dry density versus compacted moisture content together with a plot of
the zero air voids line or assumed zero air voids line.

A graph of bearing ratio versus compacted moisture content.

The dry density corresponding to the maximum point on the compacted dry density/moisture
content curve as the CBR MDD to the nearest 0.01 t/m3.
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7.1.6
7.1.7

7.1.8
7.1.9
7.1.10

7.1.11
7.2
7.21

7.2.2

7.2.3

8.2

8.3

8.4

8.41

8.4.2
8.5
8.6
8.7

8.8

The percentage moisture content corresponding to the CBR MDD on the compacted dry
density/moisture content curve as the CBR OMC to the nearest 0.5%.

CBR 2.5 mm and CBR 5.0 mm (refer to Table 4).

The material CBR value which is the largest numerical value of either CBR 2.5 mm or CBR
5.0 mm (refer to Table 4).

Test condition, that is, soaked or unsoaked.
Duration of curing to the nearest hour.

Method for determining the plasticity level (refer to Table 3), that is, test method, source
records or visual/tactile assessment.

The number of this test method, that is Q113A.
The following may be reported:

Swell of each soaked specimen to the nearest 0.1% for values less than 10, otherwise to the
nearest 1%.

Final moisture content(s) of each specimen after penetration (refer to Test Method
AS 1289.2.1.1).

The force-penetration graph of the specimen having the compacted moisture content closest
to CBR OMC.
Notes on method

Calibrate the force measuring device over its complete operating range. This will require
further points near to zero in addition to those required by AS 2193.

For each test, select a force measuring device which is Class C for that part of its operating
range which corresponds to the forces required to produce plunger penetrations of 2.5 mm
and greater.

Where the applied force is measured using a device such as a load transducer, the
penetration gauge may be affixed to the frame of the machine.

A material height gauge, which allows monitoring of the height of compacted material relative
to the top of a CBR mould, can be made from a steel bar as follows:

CBR Mould — Standard (Std) compaction.

Commencing at one end of the bar, measure and mark distances of:

a) 39 mm and 34 mm for the acceptable range of the second layer, and

b) 78 mm and 73 mm for the acceptable range of the first layer.

Mark the face with the compactive effort (Std).

Before handling oil, the operator should consult the relevant SDS.

As a guide, test portions can vary from 5500 g for a clay to 7000 g for a gravel.

In order to straddle optimum moisture content, it may be necessary to remove water from one
or more test portions by air drying or oven drying at 45 to 50°C.

Suitable intervals for moisture increments range from 1% for a gravel to 2 to 3% for a clay.
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8.9

8.10

8.11

8.12

8.13

8.14

8.15

Where the liquid limit has not been determined as detailed in Test Methods Q104A or Q104D,
source records use an estimate based on a visual/tactile assessment for estimating the curing
time for the CBR test portions.

In some very weak materials where the seating load causes significant penetration, this step
can be omitted provided this variation to the method is reported.

Where zeroing the force measuring device indicator will invalidate the calibration of the device,
do not zero the indicator and record the indicator reading as the seating deflection.

Obtain the value of the material's soil particle density for calculating the air voids lines using
the method described in AS 1289.3.5.1 or assume based on previous tests. A rough check on
the material soil particle density is to select the dry density and moisture content of the wettest
data point, nominate a percent air voids (2% often gives a satisfactory result) and calculate an
soil particle density as follows:

b= 100p,,
) (IOO-Va )-pdw
where p = soil particle density (t/m?)
Py = dry density of material (t/m?)
\Y4 = nominated air voids (%)
W = moisture content expressed as a percentage of the mass of dry
material

The material's soil particle density so derived is the assumed value.

Appropriate values of calculated dry density are the smallest and largest scale values used on
the graph of calculated dry density versus initial moisture content.

Where the force measuring device indicator was not zeroed after the application of the seating
load. Convert the seating deflection to applied force in newtons and subtract from each of the
calculated values of applied force.

This characteristic may be due to surface irregularities, material behaviour or other causes.

Table 1 — Dimensions and tolerances for CBR equipment

Apparatus Dimension Tolerance

CBR machine

Platen travel rate — loaded (mm/min) 1 +0.2

Penetration piston

Diameter (mm) 49.6 +0.1
Mould

Internal diameter (mm) 152 +1
Height (mm) 178 +1
Perforated baseplate

Hole number 28 +5,-0
Hole diameter (mm) 3 +0.2
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Apparatus Dimension Tolerance
Spacer disc
Diameter (mm) 150 +0.5
Height (mm) 61 +0.25
Stem and perforated plate
Diameter (mm) 150 +0.5
Mass (g) 1000 25
Hole number 42 0
Hole diameter (mm) 3 +0.2
Soaking weight
Mass (g) 4500 + 50
Surcharge weight
Mass (g) 2250 25
Diameter (mm) 150 +0.5
Levelling plate
Diameter (mm) 151 0, -1
Height (mm) 20 minimum
Table 2 — Dimensions and tolerances for rammers
Apparatus Dimension Tolerance
Rammer — standard
Face diameter (mm) 50 +
Drop (mm) 300 +
Mass (g) 2700 +10

Table 3 — Minimum curing time

Plasticity Minimum curing time (hours)
Sands and unbound material* 2
Low (LL < 35%) 48

Medium (35 < LL < 50%) 96 (4 days)
High (LL > 50%) 168 (7 days)

* These can include naturally occurring sands and gravels, crushed rocks and manufactured materials with a fines
(< 0.075 mm) content less than 12%.

Table 4 — Reporting intervals for CBR

CBR (%) Reporting interval
<5 nearest 0.5

>5 to <20 nearest 1

>20 to =50 nearest 5
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> 50 nearest 10

Figure 1 — Typical force — penetration curves showing the determination of new penetration
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Test Method Q113B: California Bearing Ratio of soil — modified

1 Source

This method applies the principles of AS 1289.6.1.1: Determination of the California Bearing Ratio of a
soil for a remoulded specimen. It differs from this standard in that it uses multiple specimens and limits
the amount of correction which can be applied to the force — penetration curve to 0.5 mm. There are
also a number of minor changes to apparatus requirements.

2 Scope

This method describes the procedure for determining the CBR. It is applicable to soil, gravel or
crushed rock materials. California Bearing Ratio is defined as the ratio of the force required to cause a
circular plunger of 1932 mm? area to penetrate the material for a specified distance expressed as a
percentage of a standard force. The standard forces used in this method are 13,200 and

19,800 newtons for penetrations of 2.5 and 5.0 mm respectively.

Test specimens are prepared from passing 19.0 mm material, cured at a range of moisture contents
and compacted using a modified compactive effort of 2703 kJ/m3. They are then tested either in a
soaked or unsoaked condition. The method allows for the determination of CBR MDD and CBR OMC,
as well as the optional determination of swell and post penetration moisture content. Neither CBR
MDD nor CBR OMC may be used for compaction control. The CBR of the material is determined at
CBR OMC.

3 Apparatus

Where appropriate, the working tolerances of particular apparatus are contained in Tables 1
and 2.

The following apparatus is required:
3.1 CBR machine, fitted with the following:

a) a moveable lower platen that travels at a uniform vertical upward rate of 1 mm/min when
measured loaded

b) force measuring device, at least Class C as defined in AS 2193 for the range of forces
used in this test; equipped with an indicator of a resolution not exceeding 25 N and
capable of indicating seating load of 45 N (Notes 8.1 and 8.2)

c) penetration piston, having a diameter of 49.6 mm and about 190 mm long, having
provision for affixing a suitable penetration gauge (Note 8.3), and

d) penetration gauge, such as a dial gauge, conforming with the requirements of ISO 463 or
JIS B 7503, with a resolution of 0.01 mm and a travel of 25 mm, or a displacement
transducer of at least equal performance.

3.2 Mould assembly, comprising a cylindrical metal mould having an internal diameter of 152 mm
and a height of 178 mm, two detachable baseplates and a removable collar having a height of
about 60 mm which can be firmly attached to the mould. One baseplate (perforated baseplate)
should have 28 x 3 mm diameter holes uniformly distributed over the area of the plate.

3.3 Spacer disc, having a diameter of 150 mm and a height of 61 mm.

3.4 Stem and perforated plate, having a diameter of 150 mm, mass of 1000 g and with 42 x 3 mm
diameter holes uniformly distributed over the plate.
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3.5

3.6

3.7

3.8

3.9

3.10
3.1
3.12

3.13

3.14
3.15

3.16

3.17

41
42

5.1
5.1.1

Soaking weight, having a mass of 4500 g and a diameter of approximately 150 mm, with a
centre hole of approximately 55 mm diameter. The surface of the weight in contact with the
perforated plate is to be centrally recessed to a minimum depth of 2 mm for a diameter of
approximately 120 mm.

Surcharge weights, two metal weights each having a mass of 2250 g and a diameter of
150 mm, with a centre hole of approximately 55 mm diameter.

Swell gauge, consisting of a tripod and a suitable gauge, for example, a dial gauge,
conforming with the requirements of ISO 463 or JIS B 7503m with a resolution of 0.01 mm and
a travel of 25 mm.

Balance of suitable capacity, having a resolution of at least 1 g and with a limit of performance
within the range of £ 5 g.

Rammer, a metal rammer having a 50 mm diameter face, a drop mass of 4900 g and a drop
height of 450 mm. Alternatively use a mechanical compactor, provided it meets the essential
requirements of drop height, mass and energy input. A mechanical compactor may be used
provided the essential dimensions are adhered to and the rammer has a free vertical fall of the
correct height with blows being uniformly distributed and in keeping with any prescribed cycle
of blows. The design of the compactor allows attachment of the mould to a level and rigid
support base. The difference between maximum dry density determinations using manual or
mechanical compaction is less than 2%.

Sieves, 19.0 mm and 9.50 mm conforming with ISO 3310.
Water bath, of sufficient depth to immerse the moulded specimen in water.

Level and rigid foundation upon which to compact the specimen, for example, a 100 mm thick
sound concrete floor or a concrete block of at least 100 kg mass.

Straightedge, made of steel and having the approximate dimensions of length 250 mm, width
25 mm and thickness 3 mm, preferably with a bevelled edge.

Sealable containers, suitable for curing soil samples.

Sample extruder, such as a jack, lever frame or other device suitable for extracting compacted
soil specimens from the mould.

Material height gauge. A flat steel bar, about 250 mm long, 25 mm wide and 1-3 mm thick is
satisfactory (Note 8.4).

Mixing apparatus, such as a tray, trowel or scoop and water sprayer.

Materials
The following materials are required:
Filter paper, a coarse filter paper such as Whatman No.1.

Mould oil, a light mould oil such as Caltex Mould Oil 20 (Note 8.5).

Procedure
The procedure shall be as follows:
Sample preparation

Prepare the bulk sample as detailed in Section 5 of Test Method Q101 to produce a
representative subsample of appropriate size.

Materials Testing Manual — Part 5, Transport and Main Roads, March 2021 2 of 11



Test Method Q113B: California Bearing Ratio of soil — modified

5.2
5.21
5.2.2

5.2.3

5.3

5.3.1

5.3.2

5.3.3

5.3.4

5.3.5

5.3.6

5.3.7

5.3.8

Further prepare the material by screening the subsample on a 19.0 mm sieve as detailed in
Q101, Steps 6.2.1 to 6.2.3. Ensure that any aggregations are broken up to pass a 9.50 mm
sieve. Discard any material retained on the 19.0 mm sieve and thoroughly remix the material
passing the 19.0 mm sieve.

Prepare four or more representative test portions of the sieved material as detailed in Test
Method Q101, Steps 6.2.4 to 6.2.6 of appropriate mass (Note 8.6).

Thoroughly mix each test portion in turn with sufficient water so that the range of their moisture
contents is judged to straddle optimum moisture content (Note 8.7). The moisture increments
between portions shall be essentially equal (Note 8.8).

After mixing, place each test portion in a sealed container and allow to cure for an appropriate
time for the material (refer to Table 3) (Note 8.9). Record the times of commencement and
completion of the curing.

Record the method for determining the plasticity level (refer to Table 3), that is, test method or
visual/tactile assessment.

Mould preparation

Lightly oil the inside of the mould and then assemble the mould and perforated baseplate.
Determine the mass of the mould and perforated baseplate (m, ). When a soaked CBR test is
to be performed, add two filter papers to the mould and perforated baseplate.

Attach the second baseplate to the mould, invert the mould and remove the perforated
baseplate and both filter papers, if added. Insert the spacer disc in the mould and attach the
collar to the mould.

Compaction

Spread the cured test portion on the mixing tray and thoroughly remix. Take a representative
subsample and determine the compacted moisture content (w ) as detailed in Test

Method AS 1289.2.1.1.

Place sufficient of the mixed test portion in the mould to achieve a mean compacted height
within the range of 21 mm to 25 mm.

Compact the material in the mould using 53 uniformly distributed blows of the rammer falling
freely through its full height.

Measure the height of the compacted specimen using the layer depth gauge at a minimum of
four locations such that the mean of the measurements is representative of the average height
of the specimen. Discard the specimen if its mean height falls outside the range of 21 mm to
25 mm.

Repeat Steps 5.3.2 to 5.3.4, except that the mean compacted height of the specimen shall be
within the range of 45 mm to 49 mm.

Repeat Steps 5.3.2 to 5.3.4, except that the mean compacted height of the specimen shall be
within the range of 68 mm to 72 mm.

Repeat Steps 5.3.2 to 5.3.4, except that the mean compacted height of the specimen shall be
within the range of 92 mm to 96 mm.

Repeat Steps 5.3.2 to 5.3.4, except that the mean compacted height of the specimen shall be
within the range of 177 mm to 122 mm.
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5.3.9

5.3.10

5.3.11

5.3.12

5.3.13

5.3.14

5.4
5.4.1

5.4.2

5.4.3

5.4.4

5.4.5

5.4.6
5.4.7
5.5

5.5.1
5.5.2

Remove the collar and level the compacted material to the top of the mould by means of the
straightedge. Fill any holes developed in the surface due to the removal of coarse material
using some of the excess material. When a soaked CBR test is to be performed, place a filter
paper on the surface of the compacted material.

Reattach the perforated baseplate to the mould and invert the mould. Remove the second
baseplate and spacer disc. When a soaked CBR test is to be performed, place a filter paper
on the surface of the compacted material.

Determine the mass of the mould, perforated baseplate and compacted material (m, ).

When testing the compacted material in the soaked condition, soak the compacted material as
detailed in Subsection 5.4.

When testing the compacted material in the unsoaked condition, penetrate the compacted
material as detailed in Subsection 5.5.

Prepare additional moulds as detailed in Subsection 5.2 and Subsection 5.3 for the other test
portions so that at least four specimens are penetrated. These specimens shall include at
least two specimens dry of OMC and shall provide a range of moisture content that straddles
OMC and adequately defines the dry density/moisture content relationship under these
particular compaction conditions. If necessary, cure, compact and penetrate additional test
portions as detailed in Subsections 5.1, 5.3 and 5.5.

Soaking

Centrally locate the stem and perforated plate together with a soaking weight on the filter
paper.

If required, obtain an initial reading for swell at a marked reference point by placing the tripod
of the swell gauge on the top of the mould so that the contact point of the dial gauge is in
contact with the highest point of the stem. Record the dial gauge reading ( 1, ) and then remove

the swell gauge.

Place the mould in the water bath, allowing free access of water to the top and bottom of the
specimen. Soak the specimen for 96 + 4 hours with the water level being maintained above
the mould during this period.

If required, take a final reading for swell by locating the swell gauge in the same position
(Step 5.4.2) on top of the mould. Record the dial gauge reading (1, ) and then remove the

swell gauge.

Remove the mould from the water bath and tilt the mould to pour off any excess water. Return
it to the upright position and allow draining for 15 minutes. Do not disturb the surface of the
specimen during the removal of water.

Remove the soaking weight and the stem and perforated plate from the mould.
Penetrate the specimen as detailed in Subsection 5.5.

Penetration

Centrally locate the two surcharge weights on the compacted sample in the mould.

Position the mould on the platen of the CBR machine so that the mould is located centrally
under the penetration piston and the piston almost touches the surface of the material.
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5.5.3 Zero the force measuring device indicator and seat the penetration piston by applying a force
of about 45 N (Note 8.10).

5.5.4 Zero the force measuring device indicator and penetration gauge (Note 8.11).

5.5.5 Commence penetration of the specimen and record the force measuring device indicator
readings for every 0.5 mm penetration to a minimum penetration of 7.5 mm.

5.5.6 Remove the mould from the CBR machine. Remove the surcharge weights. Extrude the
compacted soil from the mould and obtain any requested final moisture content (W, ) as

follows:
a) For compacted material penetrated in the soaked condition:

i.  Remove the filter papers and obtain a moisture sample to a depth of 30 mm from the
end of the specimen that contains the penetration depression.

ii.  Obtain a second moisture sample from a uniform section through the entire depth of
the remainder of the specimen.

iii. Determine the moisture content (W, ) of each sample in accordance with Test
Method AS 1289.2.1.1.

b) For compacted material penetrated in the unsoaked condition:

i.  Obtain a moisture sample from a uniform section through the entire depth of the
specimen.

ii. Determine the moisture content (W ) of the sample in accordance with Test
Method AS 1289.2.1.1.

6 Calculations
Calculations shall be as follows:
6.1 Compacted dry density

6.1.1  Calculate the compacted dry density as follows:

~100(m,-m,)
Pa V(100+w, )
where Py = compacted dry density (t/m?3)
m, = mass of mould, baseplate and compacted material (g)
m, = mass of mould and baseplate (g)
Vv = effective volume of mould (cm3)
w = compacted moisture content (%)

6.2 Zero air voids line

6.2.1 Determine at least two moisture content points for the chosen air voids line, from the soil
particle density (Note 8.12) by using dry density values corresponding to the lowest and
highest values determined in Step 6.1 as follows (Note 8.13):

100-V, 100
w = - —
pd ps
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6.3

6.4

6.4.1

6.4.2

6.4.3

6.4.4

6.4.5

where W = moisture content, expressed as a percentage of the mass of dry
material
\Y = volume of chosen air voids, expressed as a percentage of the
‘ volume of undried material
P, = dry density of material (t/m?3)
p = soil particle density (t/m?)
S

Swell

If the measurement of swell is required, calculate it for each specimen as follows:

s=(ﬂjloo
117

where S =  swell (%)
T, = final dial gauge reading (mm)
r = initial dial gauge reading (mm)

Bearing ratio
Determine the bearing ratio at 2.5 mm and 5.0 mm penetration for each specimen as follows:

Convert the force indicator readings to applied forces in newtons using the appropriate
calibration for the force measuring device (Note 8.14).

Plot the applied forces against the corresponding penetration values and draw a smooth curve
through the points.

When the force-penetration curve commences with a concave upward portion (refer to
Figure 1 and Note 8.15), adjust the penetration scale as follows:

a) draw atangent through the steepest part of the curve to intersect the penetration axis

b) the intercept with the penetration (x) axis is the new origin provided its value does not
exceed 0.5 mm

c) where the intercept exceeds 0.5 mm, the new origin is 0.5 mm
d) adjust the 2.5 mm and 5.0 mm values in relation to the re-designated origin.

Determine the values of applied force (f, ;and f, ;) corresponding to the adjusted 2.5 mm

and 5.0 mm penetrations.

Calculate the bearing ratio at 2.5 mm and 5.0 mm penetrations and record these ratios as
CBR,; and CBR; as follows:

f .1
CBR, = 25100
= 13200
f. 1
CBR502—5'° 00
~ 19800
where CBR,, = California Bearing Ratio corresponding to 2.5 mm penetration %
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6.5
6.5.1

6.5.2

6.5.3

6.5.4

6.5.5

6.5.6

6.5.7

7.1
711

713
714

7.1.6
7.1.7

7.1.8
7.1.9
7.1.10

CBR,, = California Bearing Ratio corresponding to 5.0 mm penetration %
f25 = applied force corresponding to 2.5 mm penetration (N)
f = applied force corresponding to 5.0 mm penetration (N)

5.0

California Bearing Ratio

Plot the compacted dry densities for the compacted specimens against their corresponding
compacted moisture contents.

Plot the zero air voids data (corresponding to compacted dry densities and compacted
moisture contents) on the same graph used in Step 6.5.1 and draw a straight line through the
points.

Draw a smooth curve of best fit through the data points plotted in Step 6.5.1 with the wet leg of
the curve tending parallel to the zero air voids line.

Plot the bearing ratios of the compacted specimens on a logarithmic scale against their
corresponding compacted moisture contents on a linear scale.

Draw one smooth curve through bearing ratios corresponding to 2.5 mm penetration and draw
another smooth curve through bearing ratios corresponding to 5.0 mm penetration.

Determine the bearing ratios corresponding to the peak of the compacted dry density versus
compacted moisture content curve and record as CBR 2.5 mm and CBR 5.0 mm respectively.

Determine the peak compacted dry density and record as the CBR MDD. Determine the
compacted moisture content corresponding to the peak dry density and record as the CBR
OMC.

Reporting

The following shall be reported:

A tabulation of compacted moisture content (refer to Test Method AS 1289.2.1.1) and
compacted dry density to the nearest 0.01 t/m3, together with the bearing ratio at 2.5 mm
penetration and the bearing ratio at 5.0 mm penetration for each specimen.

A graph of compacted dry density versus compacted moisture content together with a plot of
the zero air voids line or assumed zero air voids line.

A graph of bearing ratio versus compacted moisture content.

The dry density corresponding to the maximum point on the compacted dry density/moisture
content curve as the CBR MDD to the nearest 0.01 t/m3.

The percentage moisture content corresponding to the CBR MDD on the compacted dry
density/moisture content curve as the CBR OMC to the nearest 0.5%.

CBR 2.5 mm and CBR 5.0 mm (refer to Table 4).

The material CBR value which is the largest numerical value of either CBR 2.5 mm or CBR
5.0 mm (Refer to Table 4).

Test condition, that is, soaked or unsoaked.
Duration of curing to the nearest hour.

Method for determining the plasticity level (refer to Table 3), that is, test method or
visual/tactile assessment.
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7.1.11
7.2
7.21

7.2.2

7.2.3

8.2

8.3

8.4

8.41

8.4.2
8.5
8.6
8.7

8.8

8.9

8.10

8.11

8.12

The number of this test method, that is Q113B.
The following may be reported:

Swell of each soaked specimen to the nearest 0.1% for values less than 10, otherwise to the
nearest 1%.

Final moisture content of each specimen after penetration (refer to Test Method
AS 1289.2.1.1).

The force-penetration graph of the specimen having the compacted moisture content closest
to CBR OMC.
Notes on method

Calibrate the force measuring device over its complete operating range. This will require
further points near to zero in addition to those required by AS 2193.

For each test, select a force measuring device which is Class C for that part of its operating
range which corresponds to the forces required to produce plunger penetrations of 2.5 mm
and greater.

Where the applied force is measured using a device such as a load transducer, the
penetration gauge may be affixed to the frame of the machine.

A material height gauge, which allows monitoring of the height of compacted material relative
to the top of a CBR mould, can be made from a steel bar as follows:

CBR Mould — Modified (Mod) compaction.

Commencing at one end of the bar, measure and mark distances of:

a) 20 mm and 25 mm for the acceptable range of the fourth layer

b) 50 mm and 45 mm for the acceptable range of the third layer

c) 72 mm and 67 mm for the acceptable range of the second layer, and

d) 96 mm and 91 mm for the acceptable range of the first layer.

Mark the face with the compactive effort (Mod).

Before handling oil, the operator should consult the relevant SDS.

As a guide, test portions can vary from 5500 g for a clay to 7000 g for a gravel.

In order to straddle optimum moisture content, it may be necessary to remove water from one
or more test portions by air drying or oven drying at 45 to 50°C.

Suitable intervals for moisture increments range from 1% for a gravel to 2 to 3% for a clay.

Where the liquid limit has not been determined as detailed in Test Methods Q104A or Q104D,
source records use an estimate based on a visual/tactile assessment for estimating the curing
time for the CBR test portions.

In some very weak materials where the seating load causes significant penetration, this step
can be omitted provided this variation to the method is reported.

Where zeroing the force measuring device indicator will invalidate the calibration of the device,
do not zero the indicator and record the indicator reading as the seating deflection.

Obtain the value of the material's soil particle density for calculating the air voids lines using
the method described in AS 1289.3.5.1 or assume based on previous tests. A rough check on
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8.13

8.14

8.15

the material soil particle density is to select the dry density and moisture content of the wettest
data point, nominate a percent air voids (2% often gives a satisfactory result) and calculate an
soil particle density as follows:

b= 100p,
’ (IOO-Va)-pdw
where Py = soil particle density (t/m?3)
Py = dry density of material (tm?)

= nominated air voids (%)
w = moisture content expressed as a percentage of the mass of dry
material
The material's soil particle density so derived is the assumed value.

Appropriate values of calculated dry density are the smallest and largest scale values used on
the graph of calculated dry density versus initial moisture content.

Where the force measuring device indicator was not zeroed after the application of the seating
load. Convert the seating deflection to applied force in newtons and subtract from each of the
calculated values of applied force.

This characteristic may be due to surface irregularities, material behaviour or other causes.

Table 1 — Dimensions and tolerances for CBR equipment

Apparatus Dimension Tolerance
CBR machine
Platen travel rate — loaded (mm/min) 1 +0.2
Penetration piston
Diameter (mm) 49.6 0.1
Mould
Internal diameter (mm) 152 1
Height (mm) 178 1
Perforated baseplate
Hole number 28 +5,-0
Hole diameter (mm) 3 +0.2
Spacer disc
Diameter (mm) 150 £ 0.5
Height (mm) 61 +0.25
Stem and perforated plate
Diameter (mm) 150 £ 0.5
Mass (g) 1000 25
Hole number 42 0
Hole diameter (mm) 3 +0.2
Soaking weight
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Test Method Q113B: California Bearing Ratio of soil — modified

Apparatus Dimension Tolerance
Mass (g) 4500 + 50
Surcharge weight
Mass (9) 2250 25
Diameter (mm) 150 +0.5
Levelling plate
Diameter (mm) 151 0, -1
Height (mm) 20 minimum

Table 2 — Dimensions and tolerances for rammers

Apparatus Dimension Tolerance

Rammer - standard

Face diameter (mm) 50 +0.4
Drop (mm) 450 +2.0
Mass (g) 4900 +10

Table 3 — Minimum curing time

Plasticity Minimum curing time (hours)
Sands and unbound material* 2

Low (LL < 35%) 48

Medium (35 < LL £ 50%) 96 (4 days)

High (LL > 50%) 168 (7 days)

* These can include naturally occurring sands and gravels, crushed rocks and manufactured materials with a fines
(< 0.075 mm) content less than 12%.

Table 4 — Reporting intervals for CBR

CBR (%) Reporting interval
<5 nearest 0.5
>5t0<20 nearest 1
>20to <50 nearest 5
> 50 nearest 10
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Figure 1 — Typical force — penetration curves showing the determination of new penetration
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Department of Transport and Main Roads

el

Test Method Q113C: California Bearing Ratio of soil at nominated levels of dry
density and moisture content

1 Source

This method applies the principles of AS 1289.6.1.1: Determination of the California Bearing Ratio of a
soil for a remoulded specimen. It differs from this standard in that it requires taking compaction
moisture samples only before the commencement of compaction and limits the applied correction to
the force — penetration curve to 0.5 mm. There is also provision to allow for a longer soaking period.
There are also a number of minor changes to apparatus requirements.

2 Scope

This method sets out the procedure for the single point determination of the CBR of soils used for
estimating design subgrade strength. California Bearing Ratio is the ratio of the force required to
cause a circular plunger of 1932 mm? area to penetrate the material for a specified distance,
expressed as a percentage of a standard force. The standard forces used in this method are 13,200
and 19,800 newtons for penetrations of 2.5 and 5.0 mm respectively.

Prepare test specimens by compacting passing 19.0 mm material to a nominated dry density and
moisture content using standard or modified compactive effort in accordance with Test

Method Q145A. They are then tested either in a soaked or unsoaked condition. The duration of
soaking can be either 4 or 10 days.

3 Apparatus

Where appropriate, the working tolerances of particular apparatus are contained in Tables 1
and 2.

The following apparatus is required:
3.1 CBR machine, fitted with the following:

a) amoveable lower platen that travels at a uniform vertical upward rate of 1 mm/min when
measured loaded

b) force measuring device, at least Class C as defined in AS 2193 for the range of forces
used in this test; equipped with an indicator of a resolution not exceeding 25 N and
capable of indicating seating load of 45 N (Notes 8.1 and 8.2)

c) penetration piston, having a diameter of 49.6 mm and about 190 mm long, having
provision for affixing a suitable penetration gauge (Note 8.3), and

d) penetration gauge, such as a dial gauge, conforming with the requirements of ISO 463 or
JIS B 7503, with a resolution of 0.01 mm and a travel of 25 mm, or a displacement
transducer of at least equal performance.

3.2 Mould assembly, comprising a cylindrical metal mould having an internal diameter of 152 mm
and a height of 178 mm, two detachable baseplates and a removable collar having a height of
about 60 mm. One baseplate (perforated baseplate) should have 28 x 3 mm diameter holes
uniformly distributed over the area of the plate.

3.3 Spacer disc, having a diameter of 150 mm and a height of 61 mm.

3.4 Stem and perforated plate, having a diameter of 150 mm, mass of 1000 g and with 42 x 3 mm
diameter holes uniformly distributed over the plate.
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3.5

3.6

3.7

3.8

3.9

3.10

3.1

3.12
3.13

3.14

3.15

41

5.1
5.1.1

Soaking weight, having a mass of 4500 g and a diameter of approximately 150 mm, with a
centre hole of approximately 55 mm diameter. The surface of the weight in contact with the
perforated plate is to be centrally recessed to a minimum depth of 2 mm for a diameter of
approximately 120 mm.

Surcharge weights, two metal weights each having a mass of 2250 g and a diameter of
150 mm, with a centre hole of approximately 55 mm diameter.

Swell gauge, consisting of a tripod and a suitable gauge, for example, a dial gauge,
conforming with the requirements of ISO 463 or JIS B 7503, with a resolution of 0.01 mm and
a travel of 25 mm.

Balance of suitable capacity, having a resolution of at least 1 g and with a limit of performance
within the range of £ 5 g.

Steel rammer, having a 50 mm diameter face. For standard compactive effort, a rammer with
a drop mass of 2700 g and a drop height of 300 mm. For modified compactive effort, a
rammer with a drop mass of 4900 g and a drop height of 450 mm.

Sieves, 19.0 mm and 9.50 mm conforming with ISO 3310.
Water bath, of sufficient depth to immerse the moulded specimen in water.
Sealable containers, suitable for curing soil samples.

Sample extruder, such as a jack, lever frame or other device suitable for extracting compacted
soil specimens from the mould.

Material height gauge. A flat steel bar, about 250 mm long, 25 mm wide and 1-3 mm thick is
satisfactory (Note 8.4).

Mixing apparatus, such as a tray, trowel or scoop and water sprayer.

Materials
The following materials are required:

Filter paper, a coarse filter paper such as Whatman No. 1.

Procedure
The procedure shall be as follows:
Sample Preparation

Prepare the bulk sample as detailed in Section 5 of Test Method Q101 to produce a
representative subsample of appropriate size.

Further prepare the material by screening the subsample on a 19.0 mm sieve as detailed in
Q101, Steps 6.2.1 to 6.2.3. Ensure that any aggregations are broken up to pass a 9.50 mm
sieve. Discard any material retained on the 19.0 mm sieve and thoroughly remix the material
passing the 19.0 mm sieve.

Prepare representative test portions of the sieved material as detailed in Test Method Q101,
Steps 6.2.4 t0 6.2.6 as follows:

a) One test portion for hygroscopic moisture content, and

b) The required number of test portions for compaction and determine the mass of each test
portion (m, ) (Note 8.5).
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Test Method Q113C: California Bearing Ratio at nominated levels of dry density and moisture content

5.1.4 Determine the hygroscopic moisture content ( w, ) of the test portion prepared in Step 5.1.3 a)
as detailed in Test Method AS 1289.2.1.1.
5.1.5 If the OMC and MDD are not known, prepare and test additional test portions as detailed in

the relevant test method from Test Methods Q142A or Q142B as appropriate (Note 8.6) using
the specified curing time for the material (Table 3).

5.2 Curing
5.2.1 For each test portion calculate the dry mass of material as follows:
100m,
m2:—
100+w,
where m, = mass of dry material in test portion (g)
m, = mass of wet material in test portion (g)
w, = hygroscopic moisture content (%)

5.2.2 Using the procedure detailed in Test Method Q145A, calculate the target compaction moisture
content (w, ) to achieve the nominated relative compaction and nominated relative moisture

content.

5.2.3 For each test portion calculate the mass of mixing water to be added as follows:

mg%-(m] -m, )
where m, = mass of mixing water to be added (g)
m, = mass of dry material in test portion (g)
W, = target compaction moisture content (%)
m = mass of wet material in test portion (g)

5.2.4 Measure out the required mass of mixing water to be added (m, ).

5.2.5 Spread out the test portion on the mixing tray, add the mixing water to the material in small
increments and combine thoroughly to form a uniform mixture (Note 8.7).

5.2.6 After mixing, place the mixture into a curing container. Cure for the time specified time for the
material (refer to Table 3) (Note 8.8). Use the hygroscopic moisture content ( w, ) determined

in Step 5.1.4 and the target compaction moisture content ( w, ) determined in Step 5.2.2 to

determine the curing time. Record the times of commencement and completion of the curing.
5.3 Compaction

5.3.1 Undertake all necessary calculations, mould preparation and compaction of the test portion as
detailed in Test Method Q145A. For portions requiring standard compaction, the test portion
will be compacted in three layers. For portions requiring modified compaction, the test portion
will be compacted in five layers.

5.3.2 When testing the compacted material in the soaked condition, soak the compacted material as
detailed in Subsection 5.4.
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5.3.3

5.4
5.4.1

5.4.2

5.4.3

5.4.4

5.4.5

5.4.6
54.7
5.5

5.5.1
5.5.2

5.56.3

5.5.4
5.5.5

5.5.6

When testing the compacted material in the unsoaked condition, penetrate the compacted
material as detailed in Subsection 5.5.

Soaking

Place a filter paper on the compacted material. Centrally locate the stem and perforated plate
together with a soaking weight on the filter paper.

Obtain an initial reading at a marked reference point by placing the tripod of the swell gauge
on the top of the mould so that the contact point of the dial gauge is in contact with the highest
point of the stem. Record the dial gauge reading (1, ) before removing the swell gauge.

Place the mould in the water bath, allowing free access of water to the top and bottom of the
specimen. Soak the specimen for:

a) 96 +4 hours (Note 8.9), or
b) 240 4 hours (Note 8.10).
Maintaining the water level above the mould during this period.

Take a final reading by locating the swell gauge in the same position as previously
(Step 5.4.2) on top of the mould. Record the dial gauge reading (r, ) before removing the swell

gauge.

Remove the mould from the water bath and tilt the mould to pour off any excess water. Return
it to the upright position and allow draining for 15 minutes. Do not disturb the surface of the
specimen during the removal of water.

Remove the soaking weight and the stem and perforated plate from the mould.
Penetrate the specimen as detailed in Subsection 5.5.

Penetration

Centrally locate the two surcharge weights on the compacted sample in the mould.

Position the mould on the platen of the CBR machine so that the mould is located centrally
under the penetration piston and the piston almost touches the surface of the material.

Zero the force measuring device indicator and seat the penetration piston by applying a force
of about 45 N (Note 8.11).

Zero the force measuring device indicator and penetration gauge (Note 8.12).

Commence the penetration of the specimen and record the force measuring device indicator
readings for every 0.5 mm penetration to a minimum penetration of 7.5 mm.

Remove the mould from the CBR machine. Remove the surcharge weights. Extrude the
compacted soil from the mould and obtain the final moisture content (FMC) as follows:

a) For compacted material penetrated in the soaked condition:

i.  Remove the filter papers and obtain a moisture sample to a depth of 30 mm from the
end of the specimen that contains the penetration depression.

ii.  Obtain a second moisture sample from a uniform section through the entire depth of
the remainder of the specimen.

iii. Determine the moisture content (FMC) of each sample in accordance with Test
Method AS 1289.2.1.1.
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6.1

6.2

6.3

6.4

6.5

6.6
6.6.1

6.6.2

6.6.3

6.6.4

b) For compacted material penetrated in the unsoaked condition:

i.  Obtain a moisture sample from a uniform section through the entire depth of the
specimen.

i. Determine the moisture content (FMC) of the sample in accordance with Test
Method AS 1289.2.1.1.
Calculations
Calculations shall be as follows:

Calculate the achieved compacted dry density and achieved relative compaction as detailed in
Test Method Q145A.

Compare the achieved compacted dry density and target compacted dry density. If they differ
by more than 0.02 t/m?, repeat the test.

Calculate the achieved compaction moisture content and the achieved percentage of OMC as
detailed in Test Method Q145A.

Compare the achieved compaction moisture content and the target compaction moisture
content. If they differ by more than 1.0%, repeat the test.

Calculate the swell (Note.8.9) as follows:

S=271x100
11
where S =  swell (%)
T, = final dial gauge reading (mm)
I = initial dial gauge reading (mm)

Calculate the bearing ratio at 2.5 mm and 5.0 mm penetration as follows:

Convert the force indicator readings to applied forces in newtons using the appropriate
calibration for the force measuring device (Note 8.13).

Plot the applied forces against the corresponding penetration values and draw a smooth curve
through the points.

When the force-penetration curve commences with a concave upward portion (refer to
Figure 1 and Note 8.14), adjust the penetration scale as follows:

a) Draw atangent through the steepest part of the curve to intersect the penetration axis.

b) The intercept with the penetration (x) axis is the new origin provided its value does not
exceed 0.5 mm.

c) Where the intercept exceeds 0.5 mm, the new origin is 0.5 mm.
d) Adjust the 2.5 mm and 5.0 mm values in relation to the re-designated origin.

Determine the values of applied force (f, ;and f; ) corresponding to the adjusted 2.5 mm

and 5.0 mm penetrations.
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6.6.5 Calculate the bearing ratio at 2.5 mm and 5.0 mm penetrations and record these ratios as
CBR, and CBR;as follows:

£,.x100
CBRs= 3200
c _£,,x100
>0 19800

where CBR, California Bearing Ratio corresponding to 2.5 mm penetration (%)

CBR,, = California Bearing Ratio corresponding to 5.0 mm penetration (%)

f applied force corresponding to 2.5 mm penetration (N)

2.5

f applied force corresponding to 5.0 mm penetration (N)

5.0

7 Reporting
The following shall be reported:

71 The target compacted dry density to the nearest 0.01 t/m’ and if required the nominated
relative compaction to the nearest 0.5%.

7.2 The target compaction moisture content (refer to Test Method AS 1289.2.1.1) and if required
the nominated relative moisture content as a percentage of OMC to the nearest 1%.

7.3 The achieved compacted dry density and compaction moisture content as detailed in Test
Method Q145A.

7.4 If required, the achieved relative compaction and achieved percentage of OMC content as
detailed in Test Method Q145A.

7.5 CBR, and CBR;, (refer to Table 4).

7.6 The material CBR value which is the largest numerical value of either CBR, ;or CBR
(refer to Table 4).

7.7 Test condition, that is, soaked or unsoaked.
7.8 Duration of soaking, that is, 4 or 10 days.
7.9 Swell to the nearest 0.1% for values less than 10%, otherwise to the nearest 1%.

7.10  Moisture content after penetration of the penetrated end of the specimen and the moisture
content of the remainder of any soaked specimen (refer to Test Method AS 1289.2.1.1).

7.11  Moisture content after penetration for any unsoaked specimen.
7.12  The force-penetration graph of the specimen (optional).
7.13  Duration of curing to the nearest hour.

7.14  Method for determining the plasticity level (refer to Table 3), that is, test method, source
records or visual/tactile assessment.

7.15  The number of this test method, that is Q113C.
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8.2

8.3

8.4

8.41

8.4.2

8.4.3

8.5

8.6

8.7

8.8

8.9

8.10

8.11

8.12

Notes on method

Calibrate the force measuring device over its complete operating range. This will require
further points near to zero in addition to those required by AS 2193.

A force measuring device is to be used which is at least Class C as defined in AS 2193 for that
part of its operating range which corresponds to the forces required to produce plunger
penetrations of 2.5 mm and greater.

Where the applied force is measured using a device such as a load transducer, the
penetration gauge may be affixed to the frame of the machine.

A material height gauge, which allows monitoring of the height of compacted material relative
to the top of a CBR mould, can be made from a steel bar as follows:

CBR Mould — Standard (Std) compaction.

Commencing at one end of the bar, measure and mark distances of:

a) 39 mm and 34 mm for the acceptable range of the second layer, and
b) 78 mm and 73 mm for the acceptable range of the first layer.

CBR Mould — Modified (Mod) compaction.

Commencing at one end of the bar, measure and mark distances of:

a) 20 mm and 25 mm for the acceptable range of the fourth layer

b) 50 mm and 45 mm for the acceptable range of the third layer

c) 72 mm and 67 mm for the acceptable range of the second layer, and
d) 96 mm and 91 mm for the acceptable range of the first layer.

Mark each face with the appropriate compactive effort (Std or Mod).

Test portions can vary from 5500 g for a clay to 7000 g for a gravel.

If required for this test determine the optimum moisture content and maximum dry density as
detailed in Test Methods Q142A or Q142B using passing 19.0 mm material and a Type A
mould.

It is important to mix water thoroughly into the material and the test portion cured for sufficient
time to allow the even distribution of water throughout the material.

Where the liquid limit has not been determined as detailed in Test Methods Q104A or Q104D,
source records use an estimate based on a visual/tactile assessment for estimating the curing
time for the CBR test portions.

If not specified, use a soaking period of 96 hours.

The specification of 10 day (240 hours) soaked conditions and swell measurement are in the
Department of Transport and Main Roads, Pavement Design Supplement.

In some very weak materials where the seating load causes significant penetration. Omit this
step provided this variation to the method is reported.

Where zeroing the force measuring device indicator will invalidate the calibration of the device,
do not zero the indicator and record the indicator reading as the seating deflection.
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8.13  Where the force measuring device indicator was not zeroed after the application of the seating
load. Convert the seating deflection to applied force in newtons and subtract from each of the

calculated values of applied force.

8.14  This characteristic may be due to surface irregularities, material behaviour or other causes.

Table 1 — Dimensions and tolerances for CBR equipment

Apparatus Dimension Tolerance
CBR machine
Platen travel rate — loaded 1 +0.2
(mm/min)
Penetration piston
Diameter (mm) 49.6 +0.1
Mould
Internal diameter (mm) 152 1
Height (mm) 178 1
Perforated baseplate
Hole number 28 +5,-0
Hole diameter (mm) 3 +0.2
Spacer disc
Diameter (mm) 150 0.5
Height (mm) 61 +0.25
Stem and perforated plate
Diameter (mm) 150 0.5
Mass (g) 1000 25
Hole number 42 0
Hole diameter (mm) 3 +0.2
Soaking weight
Mass (g) 4500 + 50
Surcharge weight
Mass (g) 2250 25
Diameter (mm) 150 0.5
Levelling plate
Diameter (mm) 151 0, -1
Height (mm) 20 minimum
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Table 2 — Dimensions and tolerances for rammers

Apparatus Dimension Tolerance
Rammer — standard

Face diameter (mm) 50 +

Drop (mm) 300 +

Mass (g) 2700 +10
Rammer - modified

Face diameter (mm) 50 +

Drop (mm) 450 +

Mass (g) 4900 +10

Table 3 — Minimum curing time

Plasticity

Condition of prepared test portion

Sample moisture content within

Sample moisture content

W, 2% outside w, +2%
Sands and granular material* 2h 2h
Low (LL < 35%) 24 h 48 h
Medium (35 < LL £ 50%) 48 96 h (4 days)

High (LL > 50%)

96 h (4 days)

168 h (7 days)

* These can include naturally occurring sands and gravels, crushed rocks and manufactured materials
with a fines (< 0.075 mm) content typically less than 12% and low plasticity.

w, = target compaction moisture content.

Table 4 — Reporting intervals for CBR

CBR (%) Reporting interval
<5 nearest 0.5
>5t0<20 nearest 1
>20to <50 nearest 5
> 50 nearest 10
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Test Method Q113C: California Bearing Ratio at nominated levels of dry density and moisture content

Figure 1 — Typical force — penetration curves showing the determination of new penetration
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Test Method Q114B: Insitu California Bearing Ratio - dynamic cone
penetrometer

1 Source

This method is based on AS 1289.6.3.2: Soil strength and consolidation tests - Determination of the
penetration resistance of a soil — 9 kg dynamic cone penetrometer test. There are some minor
procedural differences and conversion of results to CBR values rather than number of blows per

25 mm.

The conversion of test data to CBR values is based on A.J. Scala: Simple Methods of Flexible
Pavements Design Using Cone Penetrometers; Proceedings Second Aust-New Zealand Conference
Soil Mechanics and Foundation Engineering, Christchurch, N.Z., January 1956.

2 Scope

This method sets out the procedure to determine the insitu CBR of soils and fine crushed rock. The
method has particular application for fine grained materials since the presence of rock particles, 6 mm
and larger, may interfere with the test.

The test gives a continuous record of bearing value with depth below an existing surface, usually
without the need to excavate to the depth at which the readings are required.
3 Apparatus

The working tolerances and an example of the standard dynamic cone penetrometer are
contained in AS 1289.6.3.2 Figure 1.

The following apparatus is required:
3.1 Standard dynamic cone penetrometer consisting of three (3) parts as follows:

a) Sliding drop hammer, with a mass of 9000 g and a free vertical fall of 510 mm on a
16 mm diameter shaft fitted with a stop and anvil. Check the travel of the drop hammer
before each test to ensure the maintenance of the correct drop height.

b) Steel rod(s), 16 mm diameter and not exceeding 1500 mm in length that attach securely
to the anvil, and

c) Hardened steel cone, with a 30° included angle, attached securely to the steel rod and
have a diameter of 20 mm.

3.2 Extractor, such as a modified vehicle jack.

3.3 Displacement measuring device, with a resolution not exceeding 1 mm.
4 Test site preparation
4.1 Remove any loose material and vegetation from around the test site to create a flat and level

surface to undertake the test and measure the penetration of the steel cone.

4.2 Where there is an overlying layer of clay, silt, sand or fine gravel up to 6 mm in particle size, it
is possible to test through the layer.

4.3 Where there is an overlying layer of medium gravel or other coarser material, excavate a hole
in the overlying layer of sufficient size to perform the test.
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Test Method Q114B: Insitu California Bearing Ratio - dynamic cone penetrometer

5.1

5.2

5.3
5.3.1
5.3.2
5.3.3
54

5.5

6.1
6.2

6.2.1

6.2.2

6.3

Test procedure
The procedure shall be as follows:

Holding the penetrometer vertically, seat the cone such that the widest part of the cone is
embedded to a depth of 50 mm using part hammer drops if needed (refer to Figure 1). Zero
the displacement measuring device or take a zero reading.

Drive the cone into the ground by raising the hammer to the stop and allowing it to fall freely
striking the anvil. Record the penetration to the nearest millimetre, ensuring the displacement
measuring device remains vertical.

Repeat Step 5.2 until either:

required depth is achieved, or

full length of rod(s) is used, or

eight consecutive full hammer drops give a cumulative penetration less than 20 mm.

At the completion of the test, remove the steel rod and cone using the extractor jack. Do not
back hammer to remove the steel rod and cone as this may alter the drop height.

If required, obtain a sample of the soil and determine the moisture content as detailed in Test
Method AS 1289.2.1.1 or record the moisture condition of the soil.

Calculations

Calculate the equivalent California Bearing Ratio value as follows:

Plot the penetration (mm) against number of hammer blows.

Analyse the penetration against number of hammer blows plot to identify the layers present
and determine for each layer the following (Note 8.1):

the number of the first blow (N, ) and penetration recorded (P, ) for the layer, and
the number of the final blow ( N, ) and penetration recorded ( P, ) for the layer.

Determine the average penetration rate (r) for each layer as follows:

(P,-P,)
(Nb 'Na)

where r = average penetration rate (mm/blow)

penetration recorded at blow b (mm)

e
1l

penetration recorded at blow a (mm)

g~
1l

= number of the final blow (b) for the layer

o

z Z

= number of the first blow (a) for the layer
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Test Method Q114B: Insitu California Bearing Ratio - dynamic cone penetrometer

6.4 Calculate the equivalent California Bearing Ratio value for each layer as follows:

O.881+1.l6loglo[2—fj

CBR=10
where (CBR = equivalent California Bearing Ratio value
r = average penetration rate (mm/blow)

7 Reporting
The following shall be reported:
71 Reference point for all layer measurements, such as the surface.
7.2 Depth from the reference point for the start and end of each layer.
7.3 Thickness of each layer (mm), if required.
7.4 Equivalent CBR value for each layer rounded to the reporting interval detailed in Table 1.

7.5 Moisture content of the soil or the moisture condition of the soil, that is, wet, moist or dry, if

required.
8 Notes on method
8.1 Where multiple layers are identified, the final blow and penetration recorded for the upper

layer will be the same as the initial blow and penetration for the lower layer.

Table 1 — Reporting intervals for CBR values

CBR value Reporting interval
<5 nearest 0.5 units
>5t0<20 nearest 1 unit
>20to <50 nearest 5 units
50 to 60 nearest 10 units
> 60 report as > 60
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Test Method Q114B: Insitu California Bearing Ratio - dynamic cone penetrometer

Figure 1 — Initial embedment of dynamic cone penetrometer
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Test Method Q115: Unconfined compressive strength of stabilised materials

1 Source

This method was developed in-house using techniques evolved through internal departmental
research investigations.

2 Scope

This method describes the procedure to determine the UCS of compacted specimens of soils, crushed
rock and recycled material blends which have been either modified or stabilised with a stabilising
agent or are in their natural state. The method has application as a laboratory design procedure,
testing field-moulded specimens in order to check field processes, testing laboratory-moulded samples
of soils or recycled material blends or core specimens removed from a stabilised material by dry
coring.

3 Apparatus

Where appropriate, the working tolerances of particular apparatus are contained in Tables 1
and 2.

The following apparatus is required:

3.1 Sample extractor, such as a jack, lever frame or other suitable device for extruding compacted
specimens from the mould.

3.2 Calliper, with a resolution not exceeding 0.1 mm and conforming with the requirements of
ISO 13385-1 or JIS B 7507.

3.3 Capping jig, suited to 105 mm diameter specimens and conforming with the requirements of
AS 1012.9.

3.4 CBR machine, fitted with the following:

a) a moveable lower platen that travels at a uniform vertical upward rate of 1 mm/min when
measured loaded

b) an upper platen that has a spherical seat, and

c) force measuring device, at least Class C as defined in AS 2193 for that part of its
operating range which corresponds to the maximum force applied to any test specimen.
Equipped with an indicator of a resolution not exceeding 25 N.

3.5 Engineer’s square, with a minimum blade length of 100 mm.

3.6 Steel rule.

4 Materials
The following materials are required:

4.1 Capping compound, special high-strength cementitious material such as dental plaster or a
low heat mortar (Note 11.1).

5 Sample preparation
The sample shall be prepared as follows:

5.1 Laboratory mixing

5.1.1 Prepare the material detailed in Test Method Q251A to obtain at least nine specimens for

testing.
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Test Method Q115: Unconfined compressive strength of stabilised materials

5.2

5.21

5.3

5.3.1

5.4
5.4.1
5.4.2

5.4.3

6.1

6.2

7.1

711

7.1.2
7.1.3

7.2

7.3

8.1

Field mixing

For field mixed materials sampled from either an insitu stabilising process or a plant-mixed
process the procedure shall be as follows:

Prepare the material as detailed in Test Method Q251B to produce at least three specimens
for testing.

Soils or recycled material blends

For soils sampled using an appropriate method or recycled material blends sampled from
stockpile the procedure shall be as follows:

Prepare the material as detailed in Test Method Q251C to produce at least three specimens
for testing.

Core specimens
Obtain at least three core samples about 100 mm diameter as detailed in Test Method Q070.

Prepare the core samples as detailed in Test Method Q070 Section 7 to obtain three
specimens with a height/diameter ratio of at least 1.1 for testing (Note 11.2).

Cap and test the specimens as detailed in Sections 7 and 8.

Demoulding and curing
The demoulding and curing shall be as follows:

At the completion of moulding, demould any specimens that were compacted using the host
material only. These specimens are ready for capping and testing. Where there is any delay in
testing, seal the specimens in plastic wrapping to prevent moisture loss.

For specimens containing stabilising agent, demould and cure these as detailed in Test
Method Q135B.

Capping
The capping shall be as follows:

At the end of the specified curing period, examine the condition of each specimen and cap any
specimen end which meets one or more of the following criteria:

The surface was not levelled using the levelling plate or compacted against the mould
baseplate.

The end is more than 2 degrees out of square with the longitudinal axis.

Edge breaks, small depressions or other irregularities exist which, when considered together,
would cause the force to be applied over 90 percent or less of the surface area.

Remove surface water from any end to be capped and apply a thin cap of capping compound
using the capping jig.

Allow each cap to harden for 1 hour after capping. To minimise moisture loss from the
specimen, either cover the exposed surfaces with plastic wrapping or place the specimen in a
sealed container.

Testing

The testing shall be as follows:

Determine the average diameter (D) of each test specimen to the nearest 0.1 mm from two
diameters measured at right angles to each other.
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Test Method Q115: Unconfined compressive strength of stabilised materials

8.2
8.3

8.4

9.1
9.11

9.1.2
9.2
9.21

9.3
9.3.1

9.3.2

For core specimens, determine the height (h) of each test specimen to the nearest 1 mm.

Place the test specimen centrally on the lower platen of the CBR machine such that the top of
the specimen is uppermost.

Apply a compressive force to the specimen and record the maximum applied force (F).

Calculations
Calculations shall be as follows:
For all specimens:

Calculate the unconfined compressive strength for each specimen as follows:

1273F
UCS= >
where  [UCS = unconfined compressive strength (MPa)
F =  applied force at failure (kN)
D = average specimen diameter (mm)

Calculate the average unconfined compressive strength.
For laboratory mixed material:

Using the achieved compaction moisture content, calculate the achieved compacted dry
density and the achieved relative compaction for each specimen as detailed in Test Method
Q145A.

For core specimens:
Calculate the correction factor for each specimen as follows:

f, =-0.42 +2.83x +-2.233x’+ 0.8x’+ -0.1067x"

where  f correction factor for the specimen height/diameter ratio

specimen height/diameter ratio

>
1

Calculate the corrected unconfined compressive strength for each specimen as follows
(Note 11.2):

ves.=ucs | — |

110.895-.“-'651#!
where ucs, = corrected unconfined compressive strength (MPa)
UCS = unconfined compressive strength (MPa)
f = correction factor for the specimen height/diameter ratio

C

9.3.3 Calculate the average corrected unconfined compressive strength.
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Test Method Q115: Unconfined compressive strength of stabilised materials

10

10.1

10.2

10.3

10.4

11

11.2

11.3

Reporting

The following shall be reported:

General information:

a) Source and description of the host material.

b) Source, type, ATIC Registration number and quantity of the stabilising agent(s)
(Note 11.3).

c) Sample type (that is, laboratory mixed, field mixed, soil, recycled material or cores).

d) Nature and type of recycled materials, when recycled materials are tested (that is,
recycled concrete, crushed glass and so on).

e) Curing details including duration, temperature, relative humidity and moist and/or dry
curing conditions.

f)  Whether specimens were tested capped or uncapped.
For laboratory mixed material:

a) Target compacted dry density, achieved compacted dry density, achieved relative
compaction, target compaction moisture content, achieved compaction moisture content
and achieved percentage of OMC as detailed in Test Method Q145A.

b) Compaction standard used, that is standard or modified.

c) UCS of each specimen and the average UCS to the nearest 0.1 MPa.
d) A plot of average UCS versus stabilising agent content.

For field mixed material:

a) Achieved compacted dry density and achieved compaction moisture content as detailed
in Test Method Q145A.

b) UCS of each specimen and the average UCS to the nearest 0.1 MPa.
For core specimens:

a) Specimen diameter to the nearest 0.1 mm.

b) Specimen height to the nearest 1 mm.

c) UCS of each specimen to the nearest 0.1 MPa.

d) Corrected UCS of each specimen and the average corrected UCS to the nearest
0.1 MPa.

The number of this test method, that is Q115.

Notes on method
Before handling capping compounds, the operator should consult the relevant SDS.

The value of 0.899296 is calculated using the height/diameter relationship for a
height/diameter ratio of 1.1.

This can be requested from the supplier of the cementitious materials. Further details are
available from the Australian Technical Infrastructure Committee (ATIC), Cementitious
Materials Registration Scheme (CMRS), Registered Products List.
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Test Method Q115: Unconfined compressive strength of stabilised materials

Table 1 — Dimensions and tolerances of testing apparatus

Apparatus

Dimension

Tolerance

CBR Machine

Platen travel rate — loaded (mm/min)

+0.2
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Test Method Q118: Bitumen content of stabilised material

1 Source
This method applies the principles of AS 2891.3.1: Bitumen content and aggregate grading - Reflux
method.
2 Scope
This method describes the procedure for the determination of the bitumen content of a bitumen
stabilised material by solvent extraction.
3 Apparatus
Where appropriate, the working tolerances of particular apparatus are contained in Table 1.
The following apparatus is required:
3.1 Balances:

3.1.1 Balance of suitable capacity, with a resolution of at least 0.1 g and with a limit of performance
within the range of = 0.5 g.

3.1.2 Balance of suitable capacity, with a resolution of at least 0.001 g and with a limit of
performance within the range of +0.005 g.

3.2 Centrifuge, an electric centrifuge capable of holding at least two 15 mL aliquots.
3.3 Hotplate, capable of maintaining a temperature of 305°C (Note 8.1).
34 Fume cupboard.

3.5 Flask, conical flask of 2 L capacity with a ground glass neck of at least 55 mm diameter and
fitted with a stopper.

3.6 Condenser, double surface condenser to fit the neck of the flask.
3.7 Beaker, of at least 100 mL capacity.

3.8 Containers, two flat-bottomed aluminium containers of approximate dimensions 100 mm
diameter and 75 mm depth and equipped with tightly fitting slip-on lids.

3.9 Sieve, 2.36 mm complying with ISO 3310.
3.10  Sieve brush.

3.11  Steel mortar and rubber pestle.

4 Materials
The following materials are required:

4.1 Solvent, toluene commercial grade (Notes 8.1 and 8.2).

5 Procedure
The test procedure shall be as follows:

5.1 Prepare a bulk sample as detailed in Section 5 of Test Method Q101 to produce a
representative subsample of about 1200 g.

52 Sieve the test portion over a 2.36 mm sieve.
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Test Method Q118: Bitumen content of stabilised material

5.3

5.4
5.5

5.6

5.7

5.8

5.9

5.10

5.11

5.12

5.13
5.13.1

5.13.2

5.13.3

5.13.4

5.13.5

5.13.6

6.1

Transfer the material retained on the 2.36 mm sieve to a mortar and grind with a rubber pestle
to break up any soil aggregations.

Sieve the ground sample over the 2.36 mm sieve.

Continue the sieving and grinding cycle in Steps 5.3 and 5.4 until retaining only clean
aggregate on the 2.36 mm sieve.

Remix the material retained on the 2.36 mm sieve and the material passing the 2.36 mm
sieve.

Weigh the flask with stopper and record the mass to the nearest 0.1 g (m, ).

With the flask held at an angle of about 45 degrees, transfer the test portion to the flask.
Weigh the flask with stopper and record the mass to the nearest 0.1 g (m, ).

Add a quantity of solvent to the flask at least equivalent in mass to the mass of the test
portion.

Fit the reflux condenser to the flask and gently warm the flask and contents on the hotplate in
the fume cupboard to dissolve the bitumen (Note 8.3). Shake the flask frequently during this
refluxing operation to prevent bitumen from caking on the bottom of the flask.

Allow the flask to cool to room temperature with the condenser still in position. Remove the
condenser and fit the stopper.

Weigh the flask and stopper and record the mass to the nearest 0.1 g (m; ).

Perform the following procedure on two aliquots:

Using the beaker, transfer an aliquot of at least 15 mL of the solution from the flask to the
centrifuge tube(s). Stopper the tube(s) immediately and centrifuge to separate any suspended
mineral matter.

Weigh a container with lid and record the mass to the nearest 0.001 g (m,).

Pour the supernatant liquid from the centrifuge tube(s) into the container, taking care not to
disturb the settled mineral matter, and fit the lid. Weigh the container immediately and record
the mass to the nearest 0.001 g (m; ).

Remove the lid and place the container on the hotplate maintained at a temperature of
305+ 10°C in the fume cupboard to evaporate the solvent. Continue the heating for
two minutes after fumes are first seen to rise from the bitumen (Note 8.4).

Remove the container from the hotplate, replace the lid and allow the container to cool to room
temperature.

Weigh the container and lid and record the mass to the nearest 0.001 g (m, ).

Calculations

Calculations shall be as follows:

Calculate the bitumen content based on each aliquot to the nearest 0.01% as follows:
_ (m;-m,)(m,; —m,)100

U Py pp—

a
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Test Method Q118: Bitumen content of stabilised material

6.2

8.1
8.2

8.3

8.4

where B, = bitumen content based on one aliquot (%)
m, = mass of flask and stopper, test portion and solvent (g)
m, = mass of flask and stopper and test portion (g)
m, = mass of container and lid and bitumen (g)
m, = mass of container and lid (g)
m, = mass of container and lid and supernatant liquid (g)
m = mass of flask and stopper (g)

Provided the difference between the bitumen contents based on the two aliquots is less than
0.06%, calculate the bitumen content of the sample (B) as the average of the two results to the
nearest 0.01%. Where the difference between the bitumen contents based on the two aliquots
is 0.06 % or greater, repeat Subsection 5.13.

Reporting

Report the bitumen content of the sample to the nearest 0.1%.

Notes on method

Before handling toluene, the operator should consult the relevant SDS.

An alternative solvent may be used provided that:

a) it meets occupational health and safety requirements; and

b) it can be demonstrated that use of the solvent achieves equivalent test results.

If the aggregate in the bottom of the flask is clean, then all the bitumen has been dissolved. If
the aggregate retains a coating of bitumen then continue the refluxing until the aggregate is
clean. For materials containing slag or other absorptive type aggregates, it may be necessary
to heat the mixture for periods up to eight hours in order to extract all traces of absorbed or
occluded bitumen.

Depending on the type of bitumen within the sample and/or container size, it may be
necessary to vary the temperature of the hotplate and time of fuming of the bitumen film. The
appropriate hotplate temperature and fuming time can be determined by calibrating against
solutions of known bitumen content.

Table 1 — Working tolerances for apparatus

Apparatus Dimension Tolerance
Hotplate
Temperature distribution (°C) 305 *10
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Test Method Q120B: Organic content of soil - loss on ignition

1 Source

This test method was developed in-house with reference to the procedures described in “A Text-Book
of Quantitative Inorganic Analysis including Elementary Instrumental Analysis” (3rd Edition) — Arthur .
Vogel: Section |, 60 — Thermogravimetric method of analysis.

2 Scope

This method describes the procedure for the determination of the organic content of soil by loss on
ignition. It determines the total organic content of a sample (including any undecomposed organic
matter such as particles of grass, sticks, and so on) by igniting the sample at 500°C in a furnace and
calculating the resultant percentage mass loss.

3 Apparatus

The following apparatus is required:
3.1 Sieve, 2.36 mm complying with ISO 3310.

3.2 Balance of suitable capacity, with a resolution of at least 0.0001 g and with a limit of
performance within the range of + 0.0005 g.

3.3 Drying oven of suitable capacity, having a temperature of 45-50°C and complying with
AS 1289.0.

3.4 Drying oven, of suitable capacity having a temperature of 105-110°C and complying with
AS 1289.0.

3.5 Furnace, maintained at 500 + 25°C (Note 9.1).

3.6 Silica or platinum crucibles.

3.7 Desiccator, with silica gel self-indicating desiccant.
3.8 Crucible tongs.

3.9 Furnace gloves.

4 Sample preparation
The sample shall be prepared as follows:

4.1 Prepare a representative subsample of approximately 50 g passing the 2.36 mm sieve as
detailed in Test Method Q101, Subsection 6.4 for fine fraction subsamples.

4.2 Oven dry the subsample at 45-50°C and transfer it to an airtight container in preparation for
test.

4.3 Prior to test, heat the representative subsample in a 105-110°C oven for one hour, transfer to
a desiccator and allow to cool to room temperature.

5 Procedure
The following procedure shall be performed in duplicate:

5.1 Heat the crucible in the furnace for one hour, cool in the desiccator and determine the mass to
the nearest 0.0001 g.

Materials Testing Manual - Part 5, Transport and Main Roads, November 2018 10f2



Test Method Q120B: Organic content of soil - loss on ignition

5.2 Repeat Step 5.1 until constant mass is attained (1) (Note 9.2).

5.3 Transfer a representative portion of approximately 5 g of the subsample into the crucible.
Determine the mass of the crucible and subsample portion to the nearest 0.0001 g (11L).
54 Place the crucible into the furnace for two hours.

5.5 Remove the crucible from the furnace, cool in the desiccator, and determine the mass to the
nearest 0.0001 g.

5.6 Return the crucible to the furnace for one hour and repeat Step 5.5.

5.7 Repeat Step 5.6, if necessary until constant mass is attained (11, ) (Note 9.2).

6 Calculations

Calculations shall be as follows:

6.1 Calculate the organic content of each subsample portion as follows:
m_-m
OC=——-+100
mS - mC
where QC = organic content (%)
m = mass of crucible (g)
c
m = mass of crucible and residue (g)
T
m = mass of crucible and subsample portion (g)

6.2 Provided that the results for the two subsample portions do not differ by more than 0.45%,
calculate the average of the results to the nearest 0.05%. Where the results differ by more
than 0.45%, repeat the test procedure.

7 Reporting

Report the average result as the organic content of the sample to the nearest 0.05%.

8 Precision

8.1 Repeatability
The average results for duplicate tests by the same operator are acceptable if the means do
not differ by more than 0.32%.

9 Notes on method

9.1 Prior to commencing this test, it is advisable to allow the furnace time to attain 500 + 25°C.

9.2 For the purpose of this test, the definition of constant mass is that successive weighings do
not differ by more than 0.0005 g. The mass recorded in the last weighing is the constant mass
value.
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Test Method Q122A: Resistivity of soil and water

1 Source

This method is based on the principles of a resistivity test method originally used by the California
Division of Highways in estimating the service life of corrugated metal culverts.

2 Scope

This method describes the procedure for determining the resistivity of soil or water using a conductivity
meter. It is applicable to the assessment of the corrosion properties of fine grained materials and
water associated with metal culvert installations. A minimum resistivity value is determined for soil
materials.

3 Apparatus
The following apparatus is required:
3.1 Conductivity meter, capable of measuring conductivity over the required range.

3.2 Conductivity cell, a cylindrical cell of rigid, durable plastic having approximate dimensions of
external diameter 50 mm, internal diameter 26 mm and height 37 mm. The cell contains two
nickel electrodes having a length equal to the height of the cell and a width of approximately
9 mm. The electrodes form part of the inner surface of the cell and are aligned with the curve
of the cell wall so that the inner surface remains smooth and cylindrical. The electrodes are
positioned to be diametrically opposed with their longer axis aligned parallel to the cell axis.

3.3 Panel, a glass or similar non-porous and non-conducting panel, approximately 200 mm
square.
3.4 Balance of suitable capacity, with a resolution of at least 1 g and with a limit of performance

within the range of £ 5 g.

3.5 Balance of suitable capacity, with a resolution of at least 0.001 g and with a limit of
performance within the range of + 0.005 g.

3.6 Drying oven of suitable capacity, having a temperature of 45 - 50°C and complying with
AS 1289.0.

3.7 Burette, of 50 mL capacity.
3.8 Volumetric flask, of 250 mL capacity.
3.9 Sieve, 2.36 mm complying with ISO 3310.

3.10  Mixing bowl, a stainless steel bowl having approximate dimensions of 150 mm diameter and
100 mm depth.

3.1 Spatula, suitable for mixing soil and water and having a width slightly smaller than the internal
diameter of the conductivity cell.

4 Materials
The following materials are required:

4.1 Grease, stopcock grease or similar.

4.2 Distilled water or equivalent (for example, reverse osmosis water).
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5.1

6.1

6.2

71
7.2

7.3

7.4

7.5

7.6
7.7

8.1
8.1.1

8.14
8.1.5

Reagents

The following reagent is required (Notes 11.1 and 11.2):

Potassium chloride solution

e Dissolve 0.373 + 0.001 g of potassium chloride in distilled water (or equivalent) and make
up to the mark in a 250 mL volumetric flask.

Sample preparation

The subsample shall be prepared as follows:

Prepare a representative subsample of approximately 100 g passing the 2.36 mm sieve as
detailed in Test Method Q101, Subsection 6.4 for fine fraction subsamples.

Dry the subsample in the oven at a temperature of 45-50°C.

Calibration of conductivity meter
The conductivity meter shall be calibrated as follows:
Clean the conductivity cell to ensure it is free of contaminants.

Apply a thin layer of grease to the bottom end of the cell and place it (bottom end down) on the
panel.

Rinse the cell with distilled water (or equivalent) then fill it with the potassium chloride solution
(Notes 11.3 and 11.4).

Connect the cell to the conductivity meter and record the conductivity to the nearest
0.01 mS/cm in accordance with the procedure recommended by the meter's manufacturer.

Discard the solution in the cell and repeat Steps 7.3 and 7.4 until successive readings agree to
within 0.01 mS/cm.

Adjust the conductivity reading to 2.76 mS/cm (Note 11.5).

Empty the cell and then rinse thoroughly (three to four times) with distilled water (or
equivalent) to remove all traces of potassium chloride solution (Note 11.6).
Procedure

The procedure for soil samples or water samples as appropriate, shall be as follows:
Soil samples

Place the whole soil sample in the mixing bowl and add 5 mL of distilled water (or equivalent)
from the burette (Note 11.7).

Thoroughly mix the contents of the mixing bowl with the spatula to produce a uniform
soil/water mixture.

Apply a thin layer of grease to the bottom end of the conductivity cell. Seat the conductivity cell
on the panel and, using the spatula, compact into the cell sufficient of the soil/water mixture to
fill the cell.

Using the spatula, strike off the compacted soil level with the top of the cell (Note 11.4).

Connect the cell to the conductivity meter and record the conductivity in mS/cm to three
significant figures in accordance with the procedure recommended by the meter’s
manufacturer.
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8.1.6 Disconnect the cell from the conductivity meter and return the compacted soil in the cell to the
mixing bowl. Reincorporate the contents of the cell with the remainder of the soil/water
mixture in the bowl using the spatula.

8.1.7 Add 1 mL of distilled water (or equivalent) from the burette to the contents of the bowl and
thoroughly mix with the spatula to produce a uniform soil/water mixture (Note 11.8).

8.1.8 Repeat Steps 8.1.3 t0 8.1.5.

8.1.9 Repeat Steps 8.1.6 to 8.1.8 until successive conductivity readings have reached a maximum
or have begun to decrease. Record the maximum conductivity (7y,... ) in mS/cm to three

significant figures.
8.2 Water samples

8.2.1 Rinse the cell with distilled water (or equivalent) and apply a thin layer of grease to the bottom
end of the conductivity cell and place it on the panel.

8.2.2 Seat the conductivity cell on the panel and fill with sufficient of the water sample to fill the cell
(Notes 11.3 and 11.4).

8.2.3 Connect the cell to the conductivity meter and record the conductivity (y ) in mS/cm to three

significant figures in accordance with the procedure recommended by the meter’s
manufacturer.

9 Calculations

Calculations shall be as follows:

9.1 Calculate the minimum resistivity of the soil sample as follows:
10
pmin_
where P, = minimum resistivity of soil (ohm m)
Y = maximum conductivity of soil (mS/cm)
9.2 Calculate the resistivity of the water sample as follows:
10
p__
.
where P = resistivity of water (ohm m)
Y = conductivity of water (mS/cm)

10 Reporting
Report the minimum resistivity of the soil or the resistivity of the water as appropriate in ohm m
to three significant figures.

11 Notes on method

11.1  Unless otherwise indicated, all reagents are to conform to the specifications of the Committee
on Analytical Reagents of the American Chemical Society, where such specifications are
available.
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11.2
11.3

11.4

11.6

11.8

Before handling potassium chloride, the operator should consult the relevant SDS.

If the potassium chloride solution or water sample leaks from between the panel and the
conductivity cell, apply a thicker layer of grease to the bottom of the cell.

It is important that the cell is filled to exactly the same level during the calibration and testing
operations. Just fill the cell so that the potassium chloride solution, soil sample or water
sample is in contact with the entire inner surfaces of the electrodes.

If calibration adjustment of the conductivity meter to read 2.76 mS/cm cannot be achieved,
clean the cell electrodes using a fine abrasive such as emery flour. If calibration adjustment
still cannot be achieved, record the conductivity reading at full adjustment (A). The calculation
for the resistivity value for the sample should then be multiplied by the factor (A/2.76).

If during calibration or test, it is necessary to remove the cell from the panel, ensure both are
cleaned thoroughly, rinse it with distilled water (or equivalent) and apply a fresh layer of
grease to both the panel and the base of the cell prior to continuing with the test.

For different soil types, it may be necessary to vary the volume of distilled water initially added
to the soil in the bowl. Sandy type materials of low plasticity may require only about 3 mL,
while plastic materials containing a high proportion of clay could require up to 10 mL.

The addition of distilled water in increments greater than 1 mL may be necessary where a
large volume of distilled water is required to be added to the sample to achieve a maximum
conductivity condition.
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Test Method Q122B: Resistivity of soil - reinforced earth

1 Source

This method was based on a test procedure developed by Henri Vidal for the measurement of the
resistivity of soil materials to be used in reinforced earth structures.

2 Scope

This method describes the procedure for determining the resistivity of soil using a conductivity meter.
It is applicable to materials having a maximum particle size smaller than 19.0 mm and intended for use
in reinforced earth structures.
3 Apparatus

The following apparatus is required:
3.1 Sieve, 19.0 mm complying with ISO 3310.

3.2 Balance of suitable capacity, with a resolution of at least 1 g and with a limit of performance
within the range of £ 5 g.

3.3 Balance of suitable capacity, with a resolution of at least 0.001 g and with a limit of
performance within the range of + 0.005 g.

34 Rubber pestle.
3.5 Conductivity meter, capable of measuring conductivity over the required range.

3.6 Resistivity cell, a box shaped cell constructed from a non-conductive material such as plastic
and fitted with two stainless steel electrodes containing small holes drilled near the bottom of
the electrodes. The dimensions of the cell and electrodes and the location of the drilled holes
are illustrated in Figure 1.

3.7 Volumetric flasks, of 2000 mL capacity.

4 Materials
The following material is required:

4.1 Distilled water or equivalent (for example, reverse osmosis water).

5 Reagents
The following reagent is required (Notes 11.1 and 11.2):
5.1 Potassium Chloride Solution
e Prepare two 2000 mL volumetric flasks, by adding 2.984 + 0.001 g of potassium chloride

to each flask, dissolving in distilled water (or equivalent) and making up to the mark.

6 Sample preparation

Prepare a representative subsample of approximately 5000 g passing the 19.0 mm sieve as
detailed in Test Method Q101, Subsection 6.4 for fine fraction subsamples.
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7 Standardisation of resistivity cell
The resistivity cell shall be standardised as follows:

71 Rinse and then fill the resistivity cell with the potassium chloride solution, so that the level of
solution in all three cell compartments is flush with the top of the cell.

7.2 Connect the cell to the conductivity meter and record the conductivity (7 ) to the nearest

0.01 mS/cm in accordance with the procedure recommended by the meter’s manufacturer.
7.3 Empty the cell and rinse thoroughly (three to four times) with distilled water (or equivalent) to
remove all traces of potassium chloride solution.
8 Procedure
The procedure shall be as follows:

Add sufficient mass of the representative soil sample to the resistivity cell to fill it to
approximately one quarter capacity.

8.1 Compact the sample in the resistivity cell using the rubber pestle.
8.2 Repeat Steps 8.1 and 8.2 three times to completely fill the cell with compacted sample.

8.3 Carefully add distilled water (or equivalent) to the sample and to the two end compartments of
the cell until the cell has been completely filled.

84 Add additional distilled water (or equivalent) to the three cell compartments as required until
the sample has been completely saturated (that is, the water level in all three compartments of
the cell remains flush with the top of the cell for fifteen minutes).

8.5 Allow the cell to stand undisturbed for one hour.

8.6 Connect the cell to the conductivity meter and record the conductivity (v, ) to the nearest

0.01 mS/cm in accordance with the procedure recommended by the meter’'s manufacturer.

9 Calculations

Calculate the resistivity of the sample as follows:

o= 10y,
276y,
where P = resistivity (ohm m)
Yo T conductivity recorded during standardisation of the cell (mS/cm)
y = conductivity of sample (mS/cm)

10 Reporting

Report the resistivity of the sample in ohm m to three significant figures.

11 Notes
11.1  Before handling potassium chloride, the operator should consult the relevant SDS.

11.2  Unless otherwise indicated, all reagents are to conform to the specifications of the Committee
on Analytical Reagents of the American Chemical Society, where such specifications are
available.
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Figure 1 — Resistivity cell
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Test Method Q125D: Capillary rise of stabilised material

1 Source

This method was developed in-house using techniques evolved through internal departmental
research investigations.

2 Scope

This method sets out the procedure for the determination of the capillary rise (CR) of compacted
specimens of soil or a soil-stabilising agent mixture.

Prepare test specimens by compacting material passing 19.0 mm to a nominated dry density and
moisture content using standard or modified compactive effort. Unless otherwise specified, use
standard compactive effort.
3 Apparatus
Where appropriate, the working tolerances of particular apparatus are contained in Table 1.
The following apparatus is required:

3.1 Mould assembly (Mould A), comprising a cylindrical metal mould having an internal diameter
of 105 mm and an effective height of 115.5 mm, fitted with a detachable baseplate and a
removable collar assembly about 60 mm high, both of which can be firmly attached to the
mould.

3.2 Steel rammer, having a 50 mm diameter face. For standard compactive effort, a rammer with
a drop mass of 2700 g and a drop height of 300 mm. For modified compactive effort, a
rammer with a drop mass of 4900 g and a drop height of 450 mm.

3.3 Balances:

3.3.1 Balance of suitable capacity, with a resolution of at least 1 g and with a limit of performance
within the range of £ 5 g.

3.3.2 Balance of suitable capacity to weigh stabilising agents and moisture contents, with a
resolution of at least 0.1 g and with a limit of performance within the range of + 0.5 g.

3.4 Sieves, 19.0 mm and 9.50 mm complying with ISO 3310.

3.5 Material height gauge. A flat steel bar, about 250 mm long, 25 mm wide and 1-3 mm thick is
satisfactory (Note 11.1).

3.6 Sample extractor, such as a jack, lever frame or other suitable device for extruding compacted
specimens from the mould.

3.7 Oven of suitable capacity, having a temperature of 45°C to 50°C and complying with
AS 1289.0.

3.8 Steel rule, at least 200 mm long and with a resolution of not exceeding 1 mm.

3.9 Water bath of suitable capacity, able to maintain a depth of 10 mm for 72 hours.

4 Materials
The following materials are required:

41 Potable water.
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5.1.1

6.1

6.2

7.1

7.2

8.1
8.2
8.3

8.4

Sample preparation
The sample shall be prepared as follows:

Prepare the bulk sample as detailed in Section 5 of Test Method Q101 to produce a
representative subsample of appropriate size. It may be necessary, to partially dry the bulk
sample before preparation so that the material is sufficiently dry to allow uniform mixing of the
stabilising agent with the host material.

Screen the subsample on a 19.0 mm sieve as detailed in Test Method Q101, Steps 6.2.1 to
6.2.3. Ensure that any aggregations are broken up to pass a 9.50 mm sieve.

Prepare a CR test portion as well as a single test portion for determining hygroscopic moisture
content as detailed in Test Method Q101, Steps 6.2.4 to 6.2.6. Ensure the CR test portion is of
sufficient quantity to mould one specimen and provide a subsample for determining the
compaction moisture content (Note 11.2).

Where the CR portion moulding moisture content and dry density are not specified, prepare
sufficient additional test portions to undertake MDR testing as detailed in Test Method Q142A
or Q142B as appropriate (Note 11.3).

Determine the hygroscopic moisture content (w, ) of the test portion prepared in Step 5.1.3 as
detailed in Test Method AS 1289.2.1.1.

Moulding
The sample shall be moulded as follows:

Determine the quantity of stabilising agent, then mix and condition the CR test portion as
detailed in Test Method Q135A.

Using the procedure detailed in Test Method Q145A, calculate the mass of wet mixture per
layer, determine the achieved moisture content, then mould one specimen at OMC and MDD
by compacting in 3 equal layers. Complete compaction within 65 minutes timed from the first
addition of mixing water to the mixture of host material and stabilising agent (Notes 11.4 and
11.5).

Conditioning

The sample shall be conditioned as follows:

If using stabilising agents, wrap the compacted specimen in plastic wrapping and condition as
detailed in Test Method Q135B.

Remove the plastic wrapping from the compacted specimen and place in the 45-50°C oven
and dry to a constant mass.

Testing

The sample shall be tested as follows:

Following drying, allow the test specimen to cool to room temperature.

Using the rule, determine the initial height of the test specimen (H ).

Place the specimen in the water bath containing potable water and adjust the water level, if
necessary, to ensure that 10 mm of the specimen is immersed.

Record the time of immersion as 0 hours.
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8.5

9.1

9.2

10

10.1
10.2
10.3
10.4

11

11.1.1

11.1.2
11.2

11.3

Using the ruler, determine the height from the base of the specimen to the maximum level of
CR (h;)at0.25,0.5, 1.0, 1.5, 2.0, 4.0, 8.0, 24, 48 and 72 hours (Notes 11.6 and 11.7).

Calculations
Calculations shall be as follows:

Calculate the CR as follows:

CRZﬂlOO
H-10
where CR = capillary rise (%)
h = maximum level of CR at the termination of the test or 72 hours (mm)
H = initial height of the specimen (mm)

Using the set of CR readings, plot the CR (h, ) (mm) against time in hours. From the plot,

determine the time taken for the CR to reach the top of the specimen as the rise time in hours.

Test report

The following shall be reported:

Initial height of the specimen to the nearest 1 mm.
The rise time to the nearest 0.5 hours.

Capillary rise to the nearest 1%.

The number of this test method, that is Q125D.

Notes on method

A material height gauge, which allows monitoring of the height of compacted material relative
to the top of a Mould A, can be made from a steel bar and marked as follows:

Mould A: Commencing at one end of the bar, measure and mark distances of:
a) 5.5 mm for the upper range of the third layer

b) 33.5 mm and 38.5 mm for the acceptable range of the second layer, and
c) 72.5mm and 77.5 mm for the acceptable range of the first layer.

Mark the face with the appropriate mould size (A).

A test portion mass of 4 kg will be adequate for determining the CR for moist soils. A gravel
may, however, require up to 5 kg while it may be possible to use as low as 3 kg for a fine
grained soil.

A test portion mass of 2.5 kg will be adequate for determining MDR for most soils. A gravel
may, however require up to 3 kg, while it may be possible to use as low as 2 kg for a fine
gained soil.

When mixing and conditioning more than one test portion, sequence the work to comply with
any time for conditioning and the time to completion of compaction. Measure both of these
times from the addition of the first increment of water to the mixture of soil and stabilising
agent.
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11.5 Test portions that do not contain stabilising agents are to be compacted at the completion of

mixing the soil and mixing water.

11.6  Check the water level in the water bath during the 72 hour period to ensure that 10 mm of the

specimen remains immersed.

11.7  If the maximum level of CR reaches the top of the specimen before 72 hours record the time

and terminate the test.

Table 1 — Dimensions and tolerances of compaction apparatus

Apparatus Dimension Tolerance
Mould A

Internal diameter (mm) 105.0 +0.5*
Height (mm) 115.5 +0.5*
Nominal volume (cm3) 1000 +15
Rammer

Diameter; round foot (mm) 50 +0.4
Area of rammer (mm?) 1964 + 31
Standard compaction (Mould A)

Drop (mm) 300 +2.0
Mass (kg) 2.7 +0.01
Modified compaction (Mould A)

Drop (mm) 450 +2.0
Mass (kg) 4.9 +0.01

* Either but not both of the tolerances may be exceeded provided that the specified tolerance on volume is not

exceeded.
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Test Method Q129: Clay index of soils, crushed rock and filler

1 Source

This method was developed in-house with reference to the publication "Recommended Method of Test
for Determination of Clay Index Value", Ministry of Works Department Engineering laboratory
Auckland, AEL Report No. 83/26, 1983.

2 Scope

This test method describes the procedure for indicating the quantity of expansive clay minerals in
natural fines, soil-rock powders or fillers. The method uses methylene blue as an indicator of the
amount of expansive clay present.
3 Apparatus

The following apparatus is required:
3.1 Balances:

3.1.1 Balance of suitable capacity, having a resolution of at least 0.1 g and with a limit of
performance within the range of £ 0.5 g.

3.1.2 Balance of suitable capacity, having a resolution of at least 0.01 g and with a limit of
performance within the range of £ 0.05 g

3.2 Flasks, four identical glass conical flasks of 250 mL capacity.

3.3 Glass rod, about 150 mm long and 5 mm diameter.

3.4 Burette, glass burette of at least 50 mL capacity graduated to 0.1 mL with a burette holder.
3.5 Pipette, glass pipette of 20 mL capacity.

3.6 Cylinders, glass measuring cylinders of 25 mL and 10 mL capacity.

3.7 Volumetric flasks, 200 mL and 1000 mL capacity.

3.8 Bottle, brown glass bottle of 500 mL or 1000 mL capacity.

3.9 Plastic wash bottle.

3.10  Ultrasonic cleaner.

3.11  Hotplate or gas burner with suitable means of supporting a flat-bottomed glass flask.
3.12  Sample splitters or rifflers.

3.13  Timer, capable of measuring 30 minute intervals and with a resolution of 1 second.

3.14  Spatula.

4 Reagents
The following reagents of recognised analytical quality are required (Note 11.1):
4.1 Methylene blue solution

e Dissolve 4.50 £ 0.01 g of methylene blue dihydrate powder in 1 litre of distilled water
(Note 11.2).

e The solution should be stored in a brown glass bottle in a refrigerator and the bottle marked
with the preparation date. Discard the solution after three months.
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42

43

5.1

5.2

6.1

6.1.1

6.2

6.3

6.4

6.5
6.6

6.7

6.8
6.9

6.10
6.11

Hydrogen peroxide solution

o Dilute 30% hydrogen peroxide solution at the rate of one part hydrogen peroxide solution
to five parts distilled water (Note 11.3).

Sulfuric acid solution

o Dilute concentrated sulphuric acid at the rate of one part acid to seventy-four parts distilled
water (Note 11.4).

Materials

The following materials are required:

Filter paper of medium filter speed (for example, Whatman No. 2, 40 or 540) or medium-fast
filter speed (for example, Whatman No. 1).

Distilled water.

Sample preparation
The sample shall be prepared as follows:

Prepare the bulk sample as detailed in Section 5 of Test Method Q101 to obtain a sample that,
when dry, will comply with the minimum mass requirement of Table 1.

If the test is to be performed on a specified fraction of a material. Prepare a representative
washed, air-dried subsample as detailed in Test Method Q101, Subsection 6.5 for specified
fraction subsamples.

Crush the representative subsample as detailed in Test Method Q101F to produce a fine
crushed, air-dried subsample passing the 0.075 mm sieve (Note 11.5).

Obtain a representative subsample of the material passing the 0.075 mm sieve of
approximately 2 g (Note 11.6).

Determine the mass of a 250 mL conical flask to the nearest 0.01 g (m, ).

Transfer the subsample to the flask.

Determine the mass of the flask and subsample (m, ).

Add 25 mL of distilled water to the flask, ensuring that all the subsample is contained within
the distilled water.

Place the flask in the ultrasonic cleaner for at least 30 minutes.

Remove the flask from the ultrasonic cleaner and add 10 mL of hydrogen peroxide solution
and 5 mL of sulfuric acid solution to the flask.

Place the flask on the hotplate and boil the contents gently for 5 minutes.

Remove the flask from the hotplate and wash any residue carefully from the upper portion of
the flask into the suspension using distilled water from a plastic wash bottle. Use the distilled
water sparingly.
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7 Methylene blue titration
The titration shall be performed as follows:

7.1 Fill the burette with the methylene blue solution and record the initial burette reading (A)
(Note 11.7).

7.2 Add 1 mL of the titrant from the burette to the flask and shake the flask and contents
vigorously for approximately 5 seconds (Note 11.8).

7.3 Transfer a drop of the suspension in the flask onto a filter paper using the glass rod and
observe its colour.

7.4 Repeat Steps 7.2 and 7.3 until a narrow light blue halo first appears between the dark blue
centre and the colourless moisture rim (Note 11.9).

7.5 Shake the flask and contents for 30 seconds and perform the drop test (Step 7.3).

7.6 If the halo disappears, add 0.5 mL of the titrant to the flask, shake the flask and contents for
30 seconds and perform the drop test (Step 7.3).

7.7 Repeat Step 7.6 until the halo remains (Note 11.10).
7.8 Record the final reading of the burette (B).

7.9 Allow the flask ( F,) and contents to stand for undisturbed for 30 minutes.

8 Back titration
The back titration shall be performed as follows (Note 11.11):

8.1 Align the four identical conical flasks on a white surface to aid in the comparison of colour
intensity.

8.2 Add a volume of distilled water equal to the total volume of liquid in the flask ( I, ) to a second

conical flask (E, ).

8.3 Using the pipette, carefully remove 20 mL of liquid from F|, ensuring that the clay particles at

the bottom of the flask are not removed or disturbed, and transfer it to a third conical flask
(F3 ).

8.4 Record the initial burette reading (C).

8.5 Add the methylene blue solution drop by drop from the burette to flask F, while agitating the
flask.

8.6 Continue the titration until the colour of the liquids in conical flasks F, and F; appear similar.
8.7 Pipette 20 mL of the solution in flask F, into a fourth conical flask (F, ).

8.8 Compare the colour of the liquid in flasks F,and F, by placing the eyes over the openings of

each flask.

8.8.1 If the colour of the liquid in flask F, is lighter than that in flask F,, return the liquid in flask F, to

flask F, and repeat Steps 8.5 to 8.8 until the liquids are equal in colour.
8.8.2 If the colour of the liquid in flask F, is darker than that in flask F;:

a) discard the contents of flasks F, and F, then clean and dry both flasks
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8.9
8.10

9.1

9.2

10

b) add distilled water to flask F, to the level of the liquid in flask F|
c) add an additional 20 mL of distilled water to flask F, and repeat Steps 8.4 to 8.8.

Record the final burette reading (D).

Repeat Steps 6.3 to 8.9 for a second subsample.

Calculations
Calculations shall be as follows:
For each subsample calculate the clay index as follows:
B-A)-(D-C
o (B-A-D-0)
m,-m,

where (] = clay index expressed as mL of 4.50 £ 0.01 g/L methylene blue solution
absorbed by 1 gram of soil sample.

A = initial burette reading for methylene blue titration (mL)
B = final burette reading for methylene blue titration (mL)
C = initial burette reading for back titration (mL)

D = final burette reading for back titration (mL)

m, = mass of flask (g)

m = mass of flask and subsample (g)

2

Average the clay index results from the two subsamples, provided that they do not differ by 0.3
for clay index results from 0.0 to 3.0 and are within £ 10 % of the mean value for clay index
results > 3.0. Otherwise repeat the test.

Reporting

Report the clay index to the nearest 0.1 for results less than 10 and to the nearest 1 for results
greater than or equal to 10.

Notes on method

Before handling methylene blue dihydrate, hydrogen peroxide and sulphuric acid, the operator
should consult the relevant SDS.

A smaller quantity should be made up if tests are few in number and intermittent in
occurrence.

This solution should remain stable for several months if stored in a brown glass bottle in a
refrigerator.

Take great care when mixing concentrated sulphuric acid and water. It is imperative that the
acid be added slowly to the required volume of distilled water.

Do not use mechanical grinders that generate temperatures in the material in excess of 50°C
while operating as they may break down the crystalline structure of the clay minerals.

To obtain a representative subsample of the passing 0.075 mm material, a small riffle with
approximately 2 mm slot widths can be used until the subsample mass has been reduced to
10-20 grams. Use a spatula to obtain the test subsample.
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11.9

11.10

11.11

The solution is intensely coloured, no meniscus can be read and the top of the solution should
be recorded at all times.

The initial addition of titrant to the flask should be commenced one minute after removing the
flask from the hotplate.

Prior to the end point being reached, the drop will show a dark blue centre of dyed clay and a
colourless moisture rim. As the end point is approached, a narrow light blue halo of
unabsorbed dye will appear between the dark blue centre and the colourless moisture rim.

An example of the drop test for determining the end point of methylene blue titration is
included in Figure 1. The details of each drop are listed below:

a) after the addition of 1 mL of methylene blue solution. The drop consists of a blue centre
of dyed clay minerals surrounded by a colourless moisture rim.

b) after the addition of 2 mL of methylene blue solution.
c) after the addition of 3 mL of methylene blue solution.
d) after the addition of 4 mL of methylene blue solution.
e) after the addition of 5 mL of methylene blue solution. There is a very faint light blue halo

of unabsorbed methylene blue solution.

f)  after the addition of 6 mL of methylene blue solution. A light blue halo around the dark
blue centre indicates the presence of unabsorbed methylene blue solution. Upon shaking
the suspension for 30 seconds, the halo disappears.

g) after the addition of 6.5 mL of methylene blue solution. Upon shaking the suspension for
30 seconds, the halo disappears.

h) after the addition of 7 mL of methylene blue solution. Upon shaking the suspension for
30 seconds, the halo disappears.

i)  after the addition of 7.5 mL of methylene blue solution. The halo becomes well marked
and is still evident after shaking the suspension for 30 seconds. This represents the end
point of the titration. If the titration is continued well past the end point, an over—
developed light blue halo of the unabsorbed methylene blue solution will be evident.

Due to the relatively slow rate of absorption of methylene blue by some clay samples, the
excess liquid may become colourless or have a colourless zone forming as further methylene
blue solution is absorbed by the clay minerals during the 30 minute standing time after
titration. Back titration is not required in such cases.

Table 1 — Minimum subsample masses

Maximum particle size (mm) Minimum subsample mass (g)
37.5 15,000
26.5 5,000
19.0 2,000
9.50 500
4.75 200
2.36 100
0.425 50
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Figure 1 — Example of the drop test for determining the end point of methylene blue titration
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Test Method Q130A: Chloride content of soil and water

1 Source

This method was developed in-house with reference to the procedures described in A Text-Book of
Quantitative Inorganic Analysis including Elementary Instrumental Analysis (3rd Edition) — Arthur
I. Vogel: Section lll, 24 — Determination of Chlorides.

2 Scope
This method describes the procedure for determining the chloride content of samples of either soil or
water. The chloride ions within soil samples are extracted with water and their concentration within the
soil extract or within a water sample is determined by titration with silver nitrate solution.
3 Apparatus

The following apparatus is required:

3.1 Drying oven of suitable capacity, having a temperature of 45 — 50°C and complying with
AS 1289.0.

3.2 Balance of suitable capacity, with a resolution of at least 0.1 g and with a limit of performance
within the range of £ 0.5 g.

3.3 Balance of suitable capacity, with a resolution of at least 0.0001 g and with a limit of
performance within the range of £ 0.0005 g.

3.4 Steam bath.

3.5 Furnace, a furnace capable of maintaining a temperature of 250°C.
3.6 Volumetric flasks, of 1000 mL and 100 mL capacity.

3.7 Conical flasks, of 1000 mL and 125 mL capacity.

3.8 Measuring cylinders, graduated type, of 250 mL capacity and 100 mL capacity (capable of
being stoppered).

3.9 Burette, of 50 mL capacity, graduated in 0.1 mL divisions.
3.10  Pipettes, bulb type of 50 mL and 25 mL capacity.

3.11  Pipettes, graduated type of 10 mL and 1 mL capacity (graduated in 0.1 mL divisions).
3.12  Pasteur pipettes.

3.13  Pipette filler.

3.14  Desiccator, containing silica gel desiccant or equivalent.
3.15  Filter funnel, glass filter funnel.

3.16  Beakers, of 600 mL and 250 mL capacity.

3.17  Storage bottles, of 250 mL and 100 mL capacity.

3.18  Storage bottle (amber glass), of 1000 mL capacity.

3.19  Magnetic stirrer and stirring bar.

3.20 Flask shaker.

3.21  Centrifuge.
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41
42

5.1

52

5.3

54

5.5

5.6

5.7

Materials

The following materials are required:

Distilled water or an equivalent (for example, reverse osmosis water)

Filter paper, Whatman No. 1 or equivalent.

Reagents

All reagents are analytical reagent grade and the following are required (Notes 12.1 and 12.2):

Standard sodium chloride solution

Heat sodium chloride in a furnace maintained at 250°C for 2 hours and then cool in the
desiccator. Dissolve 1.6485 + 0.0001 g of dry sodium chloride in distilled water (or
equivalent).

Transfer the solution to a 1000 mL volumetric flask and make up to the mark with distilled
water (or equivalent). (1 mL of this solution equals 1 mg of chloride).

Silver nitrate solution

Dissolve 4.8 g of silver nitrate in distilled water (or equivalent).

Transfer the solution to a 1000 mL volumetric flask and make up to the mark with distilled
water (or equivalent).

Transfer the solution to a 1000 mL amber glass storage bottle and store in a dark
cupboard (Note 12.3).

Potassium chromate indicator solution

Dissolve 5 g of potassium chromate in 80 mL of distilled water (or equivalent). While
stirring, add dropwise the silver nitrate solution until a permanent red precipitate is
produced.

Filter the solution and dilute the filtrate by making up to the mark in a 100 mL volumetric
flask with distilled water (or equivalent). Transfer the solution to a 100 mL storage bottle.

Sulfuric acid solution

Add 0.5 mL of concentrated sulfuric acid by means of a 1 mL pipette to 180 mL of distilled
water (or equivalent) in a measuring cylinder.

Sodium carbonate solution

Dissolve 1.1 g of sodium carbonate in 200 mL of distilled water (or equivalent) and
transfer to a 250 mL storage bottle.

Phenolphthalein indicator solution

Dissolve 0.5 g of phenolphthalein in 50 mL of 95% ethanol and then slowly add 50 mL of
distilled water (or equivalent), with constant stirring.

Filter the solution and then transfer to a 100 mL storage bottle.

Sodium hydroxide solution

Dissolve 1 g of sodium hydroxide in distilled water (or equivalent).

Transfer the solution to a 100 mL measuring cylinder and make up to 100 mL with distilled
water (or equivalent). Stopper the cylinder when not in use.
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5.8 Ammonium nitrate.

6 Standardisation of silver nitrate solution
The following procedure shall be performed in duplicate:
6.1 Pipette a 25 mL aliquot of standard sodium chloride solution into a 125 mL conical flask.

6.2 Using a pasteur pipette add approximately 1 mL of potassium chromate indicator solution to
the flask.

6.3 Stir the solution using a magnetic stirring bar and titrate with silver nitrate solution to the first
permanent red-brown colour change.

6.4 Record the volume of the silver nitrate solution titrated to the nearest 0.1 mL.

6.5 Calculate the average volume of the duplicate titrations and record to the nearest 0.1 mL (V).

7 Preparation of soil sample
The sample shall be prepared as follows:

71 Prepare a representative subsample of approximately 500 g passing the 9.50 mm sieve as
detailed in Test Method Q101, Subsection 6.4 for fine fraction subsamples.

7.2 Dry the subsample in an oven at a temperature of 45-50°C.

7.3 Crush the subsample to pass a 0.425 mm sieve in accordance with the procedure outlined in
Test Method Q101F.

8 Preparation of soil-water extract
The soil-water extract shall be prepared as follows:

8.1 Weigh 200 £ 0.1 g of the prepared subsample into a 1000 mL conical flask.

8.2 Add 400 £ 1 mL of distilled water (or equivalent) to the flask, then stopper the flask and shake
on the flask shaker for 1 hour.

8.3 Stand the solution for 30 minutes.

8.4 Decant the solution and then centrifuge it for 15 minutes.

8.5 Filter the centrifuged solution into a 600 mL beaker.

8.6 If the solution is clear, proceed to Step 9.1.

8.7 If the solution contains red colloidal clay which will mask the detection of the end point, either:

e Add 3 mL of sodium hydroxide solution for every 70 mL of filtrate. Place the beaker
containing the solution on a steam bath to flocculate the colloid. After flocculation, allow
the solution to cool to room temperature and then centrifuge it for 5 minutes before
proceeding to Step 9.1, or

e Add 0.2 g of ammonium nitrate after Step 8.3 and allow the solution to stand for a further
30 minutes. Centrifuge for 5 minutes before proceeding to Step 9.1.

9 Procedure
The following procedure shall be performed in duplicate:

9.1 Pipette 50 mL of either the soil-water extract or the water sample into a 250 mL beaker.
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9.2 Add a few drops of phenolphthalein indicator solution to the beaker by pasteur pipette and stir
the contents using the magnetic stirrer and stirring bar.

9.3 While stirring, adjust the pH of the contents to 8.2 (the point at which the indicator just
changes from pink to colourless) using sulfuric acid solution and/or sodium carbonate solution
dropwise as required.

94 Add approximately 1 mL of potassium chromate indicator solution using a pasteur pipette and
titrate the contents with the silver nitrate solution to the first permanent red-brown colour

change.
9.5 Record the volume of the silver nitrate solution titrated to the nearest 0.1 mL.
9.6 Calculate the average volume of the duplicate titrations of the soil-water extract or water

sample and recorded to the nearest 0.1 mL (V).

10 Calculations

Calculate the chloride content of the sample using one of the following as appropriate:

10.1  Soil samples

C= 1000 V,
\%
where (C = chloride content of sample (mg/kg)
\Y, = average volume of silver nitrate solution titrated against soil-water
t extract (mL)
vV = average volume of silver nitrate solution titrated during

standardisation (mL)

10.2 Water samples

C= 500V,
A%
where (C = chloride content of sample (mg/L)
Vv = average volume of silver nitrate solution titrated against the sample
t (mL)
AV = average volume of silver nitrate solution titrated during

standardisation (mL)

11 Reporting
Report the chloride content of the sample to the nearest 10 mg/kg for soil samples and the
nearest 10 mg/L for water samples.

12 Notes on method

12.1 Before handling chemicals and preparing reagents, the operator should consult the relevant
SDS.

12.2  Unless otherwise indicated, all reagents are to conform to the specifications of the Committee
on Analytical Reagents of the American Chemical Society, where such specifications are
available.
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12.3  Silver nitrate should be handled carefully to avoid any spillage of the solution which readily
leaves black stains on bench tops, and so on. Should staining occur, it can be removed using
a solution prepared by dissolving 75 g of each of thiourea and citric acid in 1 L of distilled
water (or equivalent). This reagent is stable indefinitely.
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Test Method Q130B: Chloride content of soil - reinforced earth

1 Source

This method was developed in-house with reference to the procedures described in A Text-Book of
Quantitative Inorganic Analysis including Elementary Instrumental Analysis (3rd Edition) — Arthur
I. Vogel: Section lll, 24 — Determination of Chlorides.

2 Scope

This method describes the procedure for determining the chloride content of select backfill material
intended for use in reinforced earth structures. Chloride content is determined by water extraction and
titrimetric analysis of the chloride ions using silver nitrate solution.

3 Apparatus

The following apparatus is required:

3.1 Drying oven of suitable capacity, having a temperature of 105 — 110°C and complying with
AS 1289.0.

3.2 Balance of suitable capacity, with a resolution of at least 0.1 g and with a limit of performance
within the range of £ 0.5 g.

3.3 Balance of suitable capacity, with a resolution of at least 0.0001 g and with a limit of
performance within the range of £ 0.0005 g.

3.4 Steam bath.

3.5 Furnace, capable of maintaining a temperature of 250°C.

3.6 Hotplate, capable of maintaining a temperature of 150-200°C.
3.7 pH meter or pH indicator paper.

3.8 Volumetric flasks, of 1000 mL and 100 mL capacity.

3.9 Conical flasks, of 125 mL capacity.

3.10  Measuring cylinders, of 1000 mL capacity, 100 mL capacity (capable of being stoppered) and
50 mL capacity.

3.11  Burette, of 25 mL capacity graduated in 0.1 mL divisions.

3.12  Pipettes, bulb type of 50 mL and 25 mL capacity.

3.13  Pasteur pipettes.

3.14  Pipette filler.

3.15  Desiccator, containing silica gel desiccant or equivalent.

3.16  Sintered glass funnel.

3.17  Glass filter funnel.

3.18 Beakers, of 1500 mL, 600 mL and 250 mL capacity.

3.19  Container, mixing container of 2 to 5 litre capacity fitted with an airtight lid.
3.20 Magnetic stirrer and stirring bar.

3.21  Centrifuge.
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3.22
3.23

41
4.2

5.1

5.2

5.3

54

5.5

Storage bottles (amber glass), of 1000 mL capacity.
Storage bottles, of 100 mL capacity.

Materials
The following materials are required:
Distilled water or equivalent (for example, reverse osmosis water).

Filter paper, Whatman No. 542 or equivalent.

Reagents
All reagents are analytical reagent grade and the following are required (Notes 11.1 and 11.2):
Standard sodium chloride solution

e Heat the sodium chloride in a furnace maintained at 250°C for 2 hours and then cool in the
desiccator. Dissolve 1.6485 + 0.0001 g of dry sodium chloride in distilled water (or
equivalent).

e Transfer the solution to a 1000 mL volumetric flask and make up to the mark with distilled
water (or equivalent). (1 mL of this solution equals 1 mg of chloride).

Silver nitrate solution
o Dissolve 4.8 g of silver nitrate in distilled water (or equivalent).

o Transfer the solution to a 1000 mL volumetric flask and make up to the mark with distilled
water (or equivalent).

e Transfer the solution to a 1000 mL amber glass storage bottle and store in a dark
cupboard (Note 11.3).

Potassium chromate indicator solution

e Dissolve 5 g of potassium chromate in 80 mL of distilled water (or equivalent). While
stirring, add dropwise the silver nitrate solution until a permanent red precipitate is
produced.

o Filter the solution and dilute the filtrate by making up to the mark in a 100 mL volumetric
flask with distilled water (or equivalent). Transfer the solution to a 100 mL storage bottle.

Phenolphthalein indicator solution

e Dissolve 0.5 g of phenolphthalein in 50 mL of 95% ethanol in a beaker and then slowly
add 50 mL of distilled water (or equivalent), with constant stirring.

e Filter the solution and then transfer to a 100 mL storage bottle.
Potassium permanganate solution

o Dissolve between 3.2 and 3.25 g of potassium permanganate in 1 litre of distilled water
(or equivalent) in a 1500 mL beaker.

e Place the beaker and contents onto the hotplate and boil gently for 30 minutes. Remove
the beaker and contents from the hotplate and allow to cool to room temperature.

e  Filter the solution through a sintered glass funnel into a 1000 mL amber glass storage
bottle and store in a dark cupboard.
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5.6

5.7

5.8

5.9
5.10

6.1

6.2

6.3
6.4

71

7.2
7.3
7.4
7.5

7.6
7.7

Hydrogen peroxide solution

o Decant 10 mL of 30% (W/V) hydrogen peroxide into a 100 mL measuring cylinder and
make up to the 100 mL mark with distilled water (or equivalent). Stopper the cylinder when
not in use.

Nitric acid solution

e Decant 60 mL of distilled water (or equivalent) into a 100 mL measuring cylinder and
slowly add 10 mL of concentrated nitric acid. Make up to the 100 mL mark with distilled
water (or equivalent). Stopper the cylinder when not in use.

Sodium hydroxide solution
o Dissolve 1 g of sodium hydroxide in distilled water (or equivalent).

o Transfer the solution to a 100 mL measuring cylinder and make up to 100 mL with distilled
water (or equivalent). Stopper the cylinder when not in use.

Calcium carbonate.

Ammonium nitrate.

Standardisation of silver nitrate solution
The following procedure shall be performed in duplicate:
Pipette a 25 mL aliquot of standard sodium chloride solution into a 125 mL conical flask.

Add approximately 1 mL of potassium chromate indicator solution to the flask by pasteur
pipette.

Stir the solution using a magnetic stirring bar and titrate with silver nitrate solution to the first
permanent red-brown colour change.

Record the volume of the silver nitrate solution titrated to the nearest 0.1 mL.

Calculate the average volume of the duplicate titrations and record to the nearest 0.1 mL (V).

Preparation of sample extract
The sample shall be prepared as follows:

Prepare a representative subsample of approximately 1000 g passing the 26.5 mm sieve as
detailed in Test Method Q101, Subsection 6.4 for fine fraction subsamples.

Dry the subsample in an oven maintained at 105 to 110°C.
Weigh the subsample into the mixing container and record the mass to the nearest 0.1 g (m).
Add 1000 mL of distilled water to the container by measuring cylinder.

Fit the lid to the container and shake by hand for 2 minutes and then allow to stand for
45 minutes.

Shake the container for a further 2 minutes and then allow to stand for 15 minutes.

Carefully decant the extract solution from the container, centrifuge to separate fines and then
filter.
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7.8

8.1

8.2

8.3

8.4
8.41

8.4.2

8.5

8.6

8.7

8.8

8.8.1

8.8.2
8.9

8.9.1

8.9.2

If a colloidal precipitate still remains after filtration, either:

e Add 10 mL of the sodium hydroxide solution to the filtrate to flocculate the precipitate and
repeat Step 7.7, or

e Add 0.2 g of ammonium nitrate and allow the solution to stand. Centrifuge for 5 minutes
and then filter.

Procedure

The following procedure shall be performed in duplicate:

Pipette 100 mL ('V,) of the sample extract into a 250 mL beaker.

Using a pasteur pipette and the magnetic stirring bar and stirrer, add potassium permanganate
solution dropwise to the extract with constant stirring until a permanent pink colour is obtained
(Note 11.4).

Render the solution colourless by adding 1 drop of the hydrogen peroxide solution using a
pasteur pipette (Note 11.4).

Check the neutrality of the solution using pH indicator paper or a pH meter.

If the solution is acidic, neutralise by adding a minimal quantity of calcium carbonate
(approximately 0.1 g is usually sufficient) and allowing the solution to stand for a few minutes.

If the solution is alkaline, neutralise by adding 4 to 5 drops of phenolphthalein indicator
solution and nitric acid solution dropwise until the colour changes from pink to just colourless.

Add approximately 1 mL of the potassium chromate indicator to the solution and titrate with
the silver nitrate solution to the first permanent red-brown colour change.

Record the volume of silver nitrate solution titrated to the nearest 0.1 mL (V).

Perform a blank titration substituting 100 mL of distilled water (or equivalent) for the sample
extract, and repeating Steps 8.1 to 8.5. Record the volume of the blank titration to the nearest
0.1mL (V,).

If the chloride content of the sample calculated as described in Step 9.1 is below 5 mg/kg,
reject the result and repeat the procedure as follows:

Pipette 200 mL (V) of the sample extract into a 600 mL beaker and concentrate by

evaporation on a steam bath to approximately 100 mL.
Repeat Steps 8.2 to 8.6 on the concentrated sample.

If the chloride content of the sample calculated as described in Step 9.1 is above 150 mg/kg,
reject the result and repeat the procedure as follows:

Pipette 50 mL ( V) of the sample extract into a 250 mL beaker and dilute with distilled water

(or equivalent) to approximately 100 mL.

Repeat Steps 8.2 to 8.6, on the diluted sample.
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9
9.1

9.2

10

11.4

Calculations

Calculate the chloride content of the sample for each run of the procedure to the nearest
1 mg/kg as follows:

_25(V,-V,) 10°

C
V'V, m
where (C = chloride content of sample (mg/kg)

Vv = volume of silver nitrate solution titrated against sample aliquot extract

t (mL)
V, = volume of silver nitrate solution titrated against blank (mL)
VvV = average volume of silver nitrate solution titrated during standardisation

(mL)

Vv = volume of sample extract (mL) (the value is 100, 200 or 50 if Step 8.1,

8.8.1 or 8.9.1 is followed respectively)

m = mass of subsample (g)

Calculate the average of the two results and record as the chloride content of the sample to
the nearest 1 mg/kg.

Reporting

Report the chloride content of the sample to the nearest 10 mg/kg.

Notes on method

Before handling chemicals and preparing reagents, the operator should consult the relevant
SDS.

Unless otherwise indicated, all reagents are to conform to the specifications of the Committee
on Analytical Reagents of the American Chemical Society, where such specifications are
available.

Silver nitrate should be handled carefully to avoid any spillage of the solution which readily
leaves black stains on bench tops and so on. Should staining occur, it can be removed using a
reagent prepared by dissolving 75 g of each of thiourea and citric acid in 1 L of distilled water
(or equivalent). This reagent is stable indefinitely.

Potassium permanganate solution and hydrogen peroxide solution are added to the sample
extract aliquot to remove any sulphides or sulphites which may be present.
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Test Method Q131B: Sulfate content of soil - reinforced earth

1 Source

This method was developed in-house with reference to the procedures described in A Text-Book of
Quantitative Inorganic Analysis including Elementary Instrumental Analysis (3rd Edition) — Arthur I.
Vogel: Section V, 6 — Determination of Sulfate as Barium Sulfate.

2 Scope

This method describes the procedure for determining the sulfate content of select backfill material
intended for use in reinforced earth structures. Sulfate content is determined gravimetrically as barium
sulfate following water extraction and precipitation of the sulfate with barium chloride solution.

3 Apparatus

The following apparatus is required:

3.1 Drying oven of suitable capacity, having a temperature of 105-110°C and complying with
AS 1289.0.

3.2 Balance of suitable capacity, with a resolution of at least 0.1 g and with a limit of performance
within the range of £ 0.5 g.

3.3 Balance of suitable capacity, with a resolution of at least 0.0001 g and with a limit of
performance within the range of £ 0.0005 g.

3.4 Steam bath.

3.5 Furnace, capable of maintaining temperature up to 800°C.

3.6 Hotplate, capable of maintaining a temperature of 150-200°C.

3.7 Volumetric flasks, of 1000 mL and 100 mL capacity.

3.8 Measuring cylinders, of 1000 mL capacity and 100 mL capacity (capable of being stoppered).
3.9 Pipettes, bulb type of 100 mL and 50 mL capacity, and graduated type of 5 mL capacity.
3.10 Pasteur pipettes.

3.1 Pipette filler.

3.12  Desiccator, containing silica gel desiccant or equivalent.

3.13  Crucibles, silica or platinum crucibles.

3.14  Crucible tongs.

3.15  Glass filter funnels.

3.16  Beakers, of 400 mL capacity.

3.17  Storage bottle (amber glass), of 150 mL capacity.

3.18  Centrifuge.

3.19  Container, mixing container of 2 to 5 litre capacity fitted with an airtight lid.
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4 Materials
The following materials are required:
4.1 Distilled water or equivalent (for example, reverse osmosis water).

4.2 Filter paper, Whatman No. 542 or equivalent.

5 Reagents
All reagents are analytical reagent grade and the following are required (Notes 10.1 and 10.2):
5.1 Hydrochloric acid, concentrated (31-32% w/w).
5.2 Nitric acid, concentrated (70% w/w).
5.3 Barium chloride solution
e Dissolve approximately 100 g of barium chloride in distilled water (or equivalent).

e Transfer the solution to a 1000 mL volumetric flask and make up to the mark with distilled
water (or equivalent).

54 Silver nitrate solution
o Dissolve approximately 1 g of silver nitrate in distilled water (or equivalent).

e Transfer the solution to a 100 mL volumetric flask and make up to the mark with distilled
water (or equivalent).

e Transfer the solution to a 150 mL amber glass storage bottle and store in a dark cupboard
(Note 10.3).

5.5 Sodium hydroxide solution
o Dissolve approximately 1 g of sodium hydroxide in distilled water (or equivalent).
e Transfer the solution to a 100 mL measuring cylinder and make up to 100 mL with distilled
water (or equivalent). Stopper the cylinder when not in use.
6 Preparation of sample extract
The sample shall be prepared as follows:

6.1 Prepare a representative subsample of approximately 1000 g passing the 26.5 mm sieve as
detailed in Test Method Q101, Subsection 6.4 for fine fraction subsamples.

6.2 Dry the subsample in an oven maintained at 105 to110°C.

6.3 Weigh the subsample into the mixing container and record the mass to the nearest 0.1 g (m,)

6.4 Add 1000 mL distilled water (or equivalent) to the container by measuring cylinder.
6.5 Fit the lid to the container and shake by hand for 2 minutes then allow to stand for 45 minutes.
6.6 Shake the container for a further 2 minutes and then allow to stand for 15 minutes.
6.7 Carefully decant the extract solution from the container, centrifuge to separate fines and then
filter.
7 Procedure
The following procedure shall be performed in duplicate:

71 Pipette 250 mL of the sample extract into a 400 mL beaker.
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7.2

7.3
7.4

7.5

7.6

7.7

7.8
7.9

7.10

7.11

7.12

7.13

7.14

7.15

7.16

717

7.18

8.1

Add 2 mL of concentrated hydrochloric acid to the extract by means of the graduated pipette
to prevent any subsequent precipitation of carbonates.

Place the beaker and contents on the hotplate and heat to boiling.

Remove the beaker from the hotplate and place on the steam bath to maintain gentle boiling
of the contents.

Add barium chloride solution dropwise to the contents, ensuring that no interruption to the
boiling occurs and until precipitation appears complete.

Remove the beaker from the steam bath and allow the precipitate to settle. Add a few drops of
barium chloride solution to the clear supernatant liquid to ensure complete precipitation of
barium sulfate has occurred.

If precipitation is incomplete, add additional barium chloride solution and return the beaker to
the steam bath for 1 hour, maintaining gentle boiling.

Remove the beaker from the steam bath and allow to cool to room temperature.

Filter the contents of the beaker carefully ensuring that all of the precipitate is transferred from
the beaker to the filter paper.

Wash the precipitate several times with approximately 30 mL of boiling distilled water (or
equivalent) until the washings are chloride free (Note 10.4).

Heat a crucible for 1 hour in the furnace at 600 - 800°C, cool to room temperature in the
desiccator and weigh to the nearest 0.0001 g.

Repeat Step 7.11 until constant mass is attained (Note 10.5). Record the mass of the final
weighing to the nearest 0.0001 g (m, ).

Carefully transfer the filter paper containing the precipitate to the crucible and dry at
approximately 100°C in the furnace.

Place the lid on the crucible and gradually increase the temperature of the furnace to about
250°C over approximately 1 hour. Further increase the temperature of the furnace to 600-
800°C and hold at this temperature for 1 hour.

Remove the crucible from the furnace and allow to cool in the desiccator.

Add 3 or 4 drops of concentrated nitric acid to the residue in the crucible and evaporate on the
steam bath.

Heat the crucible in the furnace at 600-800°C for 1 hour, cool to room temperature in the
desiccator and weigh to the nearest 0.0001 g.

Repeat Step 7.17 until subsequent weighings of the crucible do not vary by more than
+0.0002 g. Record the mass of the final weighing to the nearest 0.0001 g (m,).

Calculations
Calculations shall be as follows:

Calculate the sulfate content for each run of the procedure to the nearest 1 mg/kg as follows:
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_ 1.646x10° (m, - m,)

S
l’nl
where § = sulfate content (mg/kg)
m, = mass of subsample (g)
m, = mass of crucible (g)
m, = mass of crucible and residue (g)

8.2 Calculate the average of the two results and record as the sulfate content of the sample to the
nearest 1 mg/kg.

9 Reporting

Report the sulfate content of the sample to the nearest 1 mg/kg as SO42' :

10 Notes on method

101 Before handling chemicals and preparing reagents, the operator should consult the relevant
SDS.

10.2  Unless otherwise indicated, all reagents are to conform to the specifications of the Committee
on Analytical Reagents of the American Chemical Society, where such specifications are
available.

10.3  Silver nitrate should be handled carefully to avoid any spillage of the solution which readily
leaves black stains on bench tops and so on. Should staining occur, it can be removed using
a reagent prepared by dissolving 75 g of each of thiourea and citric acid in 1 L of distilled
water (or equivalent). This reagent is stable indefinitely.

10.4  To ensure the washings are free from chlorides, approximately 10 mL of the washings should
be acidified with 3 drops of concentrated nitric acid and silver nitrate added dropwise. If a
white precipitate or cloudiness forms, further washing of the precipitate with boiling distilled
water (or equivalent) should be carried out until the addition of silver nitrate produces no white
discoloration.
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Test Method Q133: Lime demand of soil

1 Source

This method was developed in-house and is based on the procedure described in “A Quick Test to
Determine Lime Requirements for Soil Stabilisation”, Eades, J.L., and Grim, R.E. (1966): Highway
Research Record No. 139.

2 Scope

This method describes the procedure to determine the degree to which a soil will react with calcium
hydroxide through cationic exchange and pozzolanic responses from reactive clay minerals. The
method provides for the determination of the lime demand (percent lime), as measured using an
extended pH test. The lime demand is a minimum lime content in determining the design lime content.
The lime demand test provides lime contents that correspond well with optimum lime contents for
long-term effective stabilisation.
3 Apparatus

The following apparatus is required:
3.1 pH meter, equipped with combination type, high alkaline pH electrode (Note 8.1).

3.2 Balance of suitable capacity, with a resolution of 0.01 g and with a limit of performance within
the range £ 0.05 g.

3.3 Sieve, 2.36 mm complying with ISO 3310.

34 Beakers, 100 mL.

3.5 Watchglasses, of appropriate size to cover the 100 mL beakers.
3.6 Measuring cylinder, of 100 mL capacity.

3.7 Magnetic stirrer.

3.8 Magnetic stirrer bar.

3.9 Wash bottle.

3.10  Glass stirring rod.

4 Materials
The following materials are required:

4.1 Neutral and high pH buffer solutions as recommended by the manufacturer of the pH meter,
for example, pH of 7 and pH of 10 to 12 (Note 8.2).

4.2 Fresh sample of hydrated lime of known available lime content and complying with AS 1672.1:
Limes and Limestones (Notes 8.3 and 8.4).

4.3 Distilled water.
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5.1
5.1.1

5.2

5.21

5.2.2

5.3
5.3.1

5.3.2
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Procedure
The procedure shall be as follows:
Sample preparation

Prepare the bulk sample as detailed in Section 5 of Test Method Q101 to produce a
representative subsample of appropriate size.

Further prepare the material to produce a subsample of approximately 600 g passing the
2.36 mm sieve as detailed in Test Method Q101, Subsection 6.4 for fine fraction subsamples.

Prepare representative test portions as follows:
a) One test portion for hygroscopic moisture content, and
b) One test portion of about 500 g for pH testing and place in an airtight container.

Determine the hygroscopic moisture content ( w, ) of the test portion prepared in Step 5.1.3 a)
as detailed in Test Method AS 1289.2.1.1.

Calculation of test masses

For each lime increment calculate the mass of soil and mass of hydrated lime to be used,
based on a combined dry mass of 30 g as follows (Note 8.5):

Mass of Soil Test Portion

30 W,
m, = 1+
1+_P 100

100
where m, = mass of soil (g)
W, = hygroscopic moisture content (%)
p = lime content (%)

Mass of hydrated lime

m, = 30- 30
1+ 2
100
where m, = mass of lime (g)
P = lime content (%)

Calibration of pH meter

Wash the electrode with distilled water and calibrate the pH meter by means of the standard
buffer solutions, following the procedure recommended by the manufacturer (Note 8.2).

Wash the electrode with distilled water and leave it in a beaker of distilled water when not in
use.
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5.4
5.41

5.4.2

543
5.4.4

5.4.5
5.4.6

5.4.7

5.4.8

5.4.9

6.1

6.2

8.2

pH determination

Prepare the required number of test portions with individual masses as calculated in Step
5.2.1, as detailed in Test Method Q101B, Subsection 4.2 and place the test portions in suitably
marked beakers.

Add the corresponding mass of hydrated lime as calculated in Step 5.2.2 to each beaker and
thoroughly mix the constituents using a glass stirring rod. Add 5 g of hydrated lime to another
beaker. Then cover each beaker with a watchglass.

Add 75 mL of distilled water to the beaker containing the hydrated lime only.

Mix the suspension using the magnetic stirrer and then cover the beaker with a watch glass
and allow it to stand for 2 hours.

Restart the stirrer and lower the pH electrode into the suspension until the bulb is just covered.

Read the pH meter at 1 minute intervals and continue readings until three successive values
are within a range of 0.05 pH units. Record these values to the nearest 0.01 units together
with the average pH value (Note 8.6).

Remove the electrode from the beaker, wash it with distilled water and check the reading of
the meter as detailed in Subsection 5.3 using the higher pH buffer solution. If the reading
varies by more than 0.05 pH units from that determined during calibration, repeat Steps 5.3.1
to 5.4.6.

Test each of the soil-lime mixtures in order, commencing with the lowest lime content, by
repeating Steps 5.4.4 to 5.4.7 after adding 75 mL of distilled water to the beaker.

Continue testing until the average pH values of the three highest lime contents do not vary by
more than 0.05 pH units. If the test portions prepared do not achieve this requirement,
calculate the mass of constituents for a further number of higher lime contents and undertake
additional testing as detailed in Subsections 5.2 and 5.4.

Calculations

Calculations shall be as follows:

Plot the average pH against its hydrated lime content and join each point. Next, draw a line
parallel to the X-axis corresponding to the pH for hydrated lime.

Record the lowest hydrated lime content (HLC) where the pH just reaches a stable peak
value, that is, a plateau where the pH values do not vary by more than 0.05 pH units over
three successive soil-lime mixtures (Figure 1 and Note 8.7).

Reporting

Report the hydrated lime content (HLC) as the lime demand for the soil to the nearest 0.5%.

Notes on method

An electrode manufactured using a medium lithium glass is satisfactory for measuring pH up
to 12.4 as required by this method.

The shelf life of pH of 7 buffer solution is usually 12 months, while that of pH of 10 to 12 buffer
solution is about 6 months. Refrigerate buffer solutions after use and exercise care to ensure
no contamination of the solutions through reuse or carbonation by exposure to air occurs.
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8.3

8.4
8.5

8.6
8.7

Determine the available lime content as detailed in Test Method AS 4489.6.1: Test methods
for limes and limestones — Lime index — Available lime.

Before handling hydrated lime, the operator should consult the relevant SDS.

Add lime at 1 percent increments commencing at a lime content of 1 percent. The number of
lime increments used in any test is dependent on the reactivity of soil under consideration.
Six increments are appropriate for a medium plasticity soil, while up to 10 increments may be
necessary for a highly plastic soil.

The pH readings of the soil-lime suspension should reach a constant value in 2 to 3 minutes.

The stable pH value of the soil-lime mixture should be the same as the pH of the hydrated lime
mixture. The presence of cations such as sodium in the soil pore water may reduce the
solubility of the hydrated lime, thus reducing the pH of the solution. Occasionally the soil-lime
mixture may plateau at values of 12.2 or even slightly lower, which is below the pH value of
12.4 for hydrated lime under standard conditions.

Figure 1 — pH / hydrated lime content
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Test Method Q134: Stabilising agent content - heat of neutralisation

1 Source

This method was developed in-house and is based on the procedure described in H.D Taskis:
Estimation of Cement Content of Stabilised Crushed Rock; A Method of Eliminating Errors due to
Aggregate Reaction, ARRB Conference, Volume 2, 1964.

2 Scope

This method describes the procedure to determine the stabilising agent content of fresh mixtures of
soil or crushed rock that have been modified or stabilised with a stabilising agent (cement or lime).
The method relies on the exothermic reaction of free alkalis in the stabilising agent with a buffered
acetic acid solution and is limited to stabilising agent types and concentrations that produce an
effective temperature rise of at least 4°C. Results are reliable, when the testing procedure is
completed within four hours of the mixing of the soil or crushed rock with the stabilising agent.

The method is generally not suitable for materials that contain significant quantities of carbonate
compounds since the carbonate reacts with the buffer solution to produce carbon dioxide and heat.
3 Apparatus

The following apparatus is required:

3.1 Thermometer, a partial immersion thermometer or other suitable temperature measuring
device with a temperature range of at least 0-60°C and graduated to 0.1°C or less with an
uncertainty of no more than 0.5°C.

3.2 Balance of suitable capacity, with a resolution and limit of performance as specified in Table 1.
3.3 Measuring cylinders, of 1000 mL and 2000 mL capacity.

3.4 Mixing containers, having a capacity approximately 30% larger than the combined volume of
solids and liquids used in the test.

3.5 Timer, such as stopwatch.

3.6 Mechanical mixer, a motorised or a hand operated tumbler mixer that rotates at a constant
rate and provides complete mixing of the constituents. A suitable mixer speed is 20 rpm.

3.7 Cloth, container and potable water for cleaning thermometer after each measurement.

4 Reagents
All reagents are laboratory reagent grade and the following are required:
4.1 Buffer solution:

e Prepare by dissolving 250 g of sodium acetate, 240 g of glacial acetic acid in about
500 mL of potable water (Notes 9.1 and 9.2). Make up to one litre using additional potable
water.

5 Calibration

Perform the calibration for each combination of stabilising agent, admixture and soil or
crushed rock to be stabilised as follows:
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5.1
5.1.1

5.2
5.21

5.2.2

Sample preparation

Prepare the bulk sample as detailed in Section 5 of Test Method Q101 to produce a
representative subsample of appropriate size. It may be necessary to dry the bulk sample
before preparation so that the material is sufficiently dry to allow uniform mixing of the
stabilising agent with the host material.

Prepare at least 12 subsamples and a single test portion for determining hygroscopic moisture
content as detailed in Test Method Q101, Steps 6.2.4 to 6.2.6, which are of sufficient size to
yield the soil masses determined in Subsection 5.2. Refer to Table 1 for minimum test
subsample masses.

Determine the moisture content (w ) of the hygroscopic moisture test portion prepared in
Step 5.1.2 as detailed in Test Method AS 1289.2.1.1.

Bring the remaining subsamples, apparatus and buffer solution to the temperature of the test
environment at least 2 hours before testing is to commence (Notes 9.3 and 9.4).

Test portion calculations

Calculate the mass of wet material, mass of water and mass of stabilising agent over the
range + 1.0% of target content of stabilising agent in increments of 0.5% with the minimum
content not being less than 0.5%. Where the target content of stabilising agent is less than
1.5%, only four contents are to be calculated.

Calculate the mass of wet material for each stabilising agent content as follows:

M
BT OMC(. A
I+—+ 1+
100 100 100
where m, = mass of dry material (g)
M = mass of test portion (material, water and stabilising agent) to be used in
the calibration from Table 1 (g)
A = stabilising agent content (%)
OMC = optimum moisture content (%)
W
m, =m,| 1+—
100
where = mass of wet material (g)
m, = mass of dry material (g)
W = hygroscopic moisture content (%)

5.2.3 Calculate the mass of stabilising agent for each stabilising agent content as follows:

m = m A

“ 100

where = mass of stabilising agent (g)
m, = mass of dry material (g)

A = stabilising agent content (%)
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524

5.3

5.3.1

5.3.2

533

5.3.4

5.3.5

5.4

5.41

5.4.2
543

5.4.4

5.4.5

5.5

Calculate the mass of water for each stabilising agent content as follows:

=(m,m, ) S~ (m, m, )
100
where m = mass of water (g)
m, = mass of dry material (g)
m = mass of stabilising agent (g)
OMC = optimum moisture content (%)
m mass of wet material (g)

Minimum sample size

Optimise the minimum sample size for the lowest stabilising agent content (target content of
stabilising agent minus 1%) as follows:

Using one of the subsamples, obtain a test portion having a wet material mass as calculated in
Step 5.2.2 for the lowest stabilising agent content. For low stabilising agent contents in the
range of 1 to 2% a test portion size of 3000 or 4000 g will be suitable.

Weigh the required mass of stabilising agent and thoroughly mix it with the test portion.

Weigh the required mass of water. Then mix it with the material and stabilising agent for two
minutes using the mechanical mixer or by hand.

Measure out a volume of buffer solution ( 'V, ) that, when mixed in the mechanical mixer with

the material, stabilising agent and water mixture, will achieve a temperature rise of at least
4°C at the completion of four minutes mixing (Note 9.5).

If the mixture fails to achieve the temperature rise, repeat Steps 5.3.1 to 5.3.4, adjusting the
volume of buffer solution to obtain a suitable temperature rise.

Buffer solution content

Optimise the buffer solution content for the highest stabilising agent content (target content of
stabilising agent plus 1%) as follows:

Using one of the subsamples, obtain a test portion having a wet material mass as calculated in
Step 5.2.2 for the highest stabilising agent content.

Weigh the required mass of stabilising agent and thoroughly mix it with the test portion.

Weigh the required mass of water. Then mix it with the material and stabilising agent for two
minutes using the mechanical mixer or by hand.

Measure out a volume of buffer solution ( V) that, when mixed in the mechanical mixer with

the material, stabilising agent and water mixture, will have a thick consistency at the
completion of four minutes mixing (Note 9.5).

If the mixture either forms a gel or is fluid-like, repeat Steps 5.4.1 to 5.4.4, adjusting the
volume of buffer solution to obtain a thick consistency.

Procedure

For each of the stabilising agent contents, undertake the following:
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5.5.1

5.5.2
5.56.3

5.5.4

5.5.5

5.5.6

5.5.7

5.5.8
5.5.9

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

Using one of the subsamples, obtain a test portion of appropriate mass and place it in the
mixing container or mixing tray.

Weigh the required mass of stabilising agent and thoroughly mix it with the test portion.

Weigh the required mass of water and mix it with the material and stabilising agent for exactly
two minutes using the mechanical mixer or by hand.

At the completion of mixing, insert the thermometer in the mixture and record the temperature
(T,,) after 60 seconds.

Measure out the required volume of buffer solution (V. ) and insert the thermometer in the

solution and record the temperature (T, ) after 60 seconds.

Add the buffer solution to the material, stabilising agent and water mixture, then immediately
mix in the mechanical mixer for exactly four minutes, timed from the start of mixing.

At the completion of mixing, insert the thermometer into the mixture and record the
temperature (T ;) after 60 seconds.

Repeat Steps 5.5.1 to 5.5.7 with the same stabilising agent content.

Repeat Steps 5.5.1 to 5.5.8 for each remaining stabilising agent content.

Test procedure
The procedure shall be as follows:

Prior to the commencement of each test. Ensure all apparatus and including the mixing
container and buffer solution has equilibrated to temperature of the test environment
(Note 9.3).

Obtain a representative sample of the mixed material as soon as possible after the completion
of mixing.

Prepare a test portion of the sample by splitting as detailed in Test Method Q101B to produce
a test portion within 0.5% of the average mass used in the calibration.

Place the test portion in the mixing container, insert the thermometer and record the
temperature (T,) after 60 seconds.

Measure out the same volume of buffer solution ('V_ ) as used in the calibration and insert the

thermometer in the solution and record the temperature ( T, ) after 60 seconds.

If the temperature difference between the sample and the buffer solution exceeds 3°C, heat or
cool the test portion as appropriate and repeat Steps 6.3 to 6.4 before continuing (Notes 9.4
and 9.6).

Add the buffer solution to the test portion, then immediately mix in the mechanical mixer for
exactly four minutes timed from the start of mixing.

At the completion of mixing, insert the thermometer in the mixture and record the temperature
(T,) after 60 seconds.

Calculations

Calculations shall be as follows:
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71 Calibration

7.1.1  Calculate the temperature rise to the nearest 0.01°C for each test portion as follows:

where AT

T

c3

M
T

cl

v

C

T

c2

C

AT 1 [ 0-0003MT, +1.2V,T,
“ 0.0003M+1.2V,

temperature rise (°C)

temperature of the material, stabilising agent, water and buffer solution
mixture (°C)

mass of test portion (material, stabilising agent and water) (g)

temperature of the material, stabilising agent and water (°C)
volume of buffer solution (L)

temperature of the buffer solution (°C)

7.1.2 Determine the relationship between the stabilising agent content and temperature rise using
linear regression analysis of the following relationship:

where Y

a) Determine the slope

where p

y=bx+a
stabilising agent content ( A ) (%)

slope of linear relationship

temperature rise (AT, ) (°C)

y intercept of linear relationship

of the linear relationship as follows:
b NEXy-ExSy
ny x*- (% x)2
slope of linear relationship
sum of the temperature rise measurements (AT),)

sum of the stabilising agent contents

sum of the squares of the temperature rise measurements (AT,)

sum of the products of the corresponding results from the temperature
rise measurements (AT, ) and the stabilising agent contents

number of pairs of test measurements

b) Determine the y intercept of the linear relationship as follows:

where a

_liso
a= n(Zy by x)

y intercept of linear relationship

number of pairs of test measurements

Materials Testing Manual - Part 5, Transport and Main Roads, November 2018 50f8



Test Method Q134: Stabilising agent content — heat of neutralisation

>y = sum of the stabilising agent contents
b = slope of linear relationship
> X = sum of the temperature rise measurements (AT, )

c) Repeat any point that is at variance with the trend of the calibration and re-analyse the test
data.

7.1.3 Determine the calibration constant (¢ ) as follows:

0.0003Mb
0.0003M+1.2V.

where ¢ = calibration constant
M = mass of test portion (material, stabilising agent and water) (g)
b = slope of linear relationship
Vv = volume of buffer solution (L)

C

7.1.4 Determine the calibration constant (d ) as follows:

o[ 12Vb
0.0003M+1.2V.

where ( = calibration constant
\Y = volume of buffer solution (L)
b = slope of linear relationship
M = mass of test portion (material, stabilising agent and water) (g)
7.2 Test

7.2.1 Calculate the stabilising agent content using the calibration constants for the combination of
stabilising agent, admixture and soil or crushed rock tested as follows:

A=bT,-cT-dT,+a

where A = stabilising agent content (%)

b = slope of linear relationship

T, = temperature of the material, stabilising agent, water and buffer solution
mixture (°C)

c = calibration constant

T, = temperature of the test portion (material, stabilising agent and water)
(°C)

d = calibration constant

T, = temperature of the buffer solution (°C)

a = vy intercept of linear relationship
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8.1
8.1.1

8.1.2
8.1.3

8.1.4
8.1.5

8.2
8.2.1

9.1
9.2

9.3

9.4

9.5

9.6

9.7

Reporting
The following shall be reported:
Calibration

The relationship between the stabilising agent content (y) and temperature rise (x) in the form:
A =DbT;- cT,- dT, + a . Report the values of b, ¢ and d to the nearest 0.0001 and a to the

nearest 0.001.

The range of stabilising agent contents used in the calibration to the nearest 0.1%.

The combined mass of material, stabilising agent and water used in the calibration to nearest
1g.

The volume of buffer solution used to the nearest 10 mL.

General information:

a) source and description of the soil or crushed rock.

b) source, ATIC Registration number and type of stabilising agent (Note 9.7).

Test Result

The stabilising agent content to the nearest 0.1%.

Notes on method
Before handling sodium acetate or acetic acid, the operator should consult the relevant SDS.

The shelf life of the buffer solution is 90 days when stored at 23°C + 3°C (air-conditioned
environment), otherwise 7 days.

The test environment is an area that is isolated from drafts and heat sources, that is, a
relatively uniform temperature. The calibration and the testing should be performed in the
same environment.

Normally test portions and equipment will reach the temperature of the test environment within
30 minutes. The temperature difference between the test portion and the buffer solution
should not exceed 3°C.

The ratio of buffer solution to test portion can vary from 1 litre per 1000 g for a reactive
stabilising agent to 1 litre per 5000 g for an unreactive stabilising agent. For a particular
stabilising agent composition, the volume of buffer solution increases with increasing target
content of stabilising agent.

The following techniques for warming or cooling a test portion such as:
e spreading it thinly on a tray and covering the material with a damp cloth

e spreading it thinly on a tray, covering with a dry cloth and directing warm air over the
material, or

e placing the material in a plastic bag and immersing in a water bath,
have been found to be suitable.

The supplier of the cementitious materials can supply this information. Further details are
available from the Australian Technical Infrastructure Committee (ATIC), Cementitious
Materials Registration Scheme (CMRS), Registered Products List.
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Table 1 — Test portion and general balance requirements

Material type Test portion Balance Limit of
minimum mass resolution performance of
(9) (9) balance
(9)
Medium-grained material with 0-20%
um-gral ralwl ° 1000 0.1 £05
retained on 19.0 mm sieve
C -grained material with 0-20%
oa.rse grained ma ené Wi o 5000 1 5
retained on 37.5 mm sieve
Stabilising agent for calibration - 0.1 +0.5
Water for calibration - 0.1 +0.5
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Test Method Q135A: Addition of stabilising agents

1 Source

This method was developed in-house using techniques evolved through internal departmental
research investigations.

2 Scope

This method describes the procedure for calculating the quantity of stabilising agent(s) and any
specified admixture(s) to add to a host soil or crushed rock as well as the procedures for mixing, by
either hand or machine, the constituent materials and the conditioning of the mixture prior to
compaction. The mixing process allows for the incorporation of one or more stabilising agents and
provides the techniques for the addition of hydraulic, bituminous or ionic agents.
3 Apparatus
Where appropriate, the working tolerances of particular apparatus are contained in Table 1.
The following apparatus is required:

3.1 Mixing apparatus

3.1.1  For hand mixing, miscellaneous mixing apparatus, such as a tray, trowel or scoop and water
spray suitable for mixing stabilising agent and water increments into the material.

3.1.2 For machine mixing, mechanical mixing equipment, for example, pugmill or catering style
dough mixer capable of mixing stabilised portions.

3.1.3 Suitable tools for removing all materials from mixer such as a mallet, spatula and scoop.
3.1.4 Sealable containers, suitable for curing mixed test portions.
3.2 Amelioration apparatus

For amelioration, the following additional apparatus is required:
3.2.1  Air curing environment as detailed in Test Method Q135B.
3.2.2 Metal moulds, of a size dependent on the maximum size of material being tested, as follows:
3.2.3 For compaction of material passing a 19.0 mm sieve:

Mould A: A cylindrical metal mould having an internal diameter of 105 mm and effective height
of 115.5 mm, fitted with a detachable baseplate and a removable collar assembly about
60 mm high both of which can be firmly attached to the mould.

3.2.4 For compaction of material which has rock material retained on the 19.0 mm sieve:

Mould B: A cylindrical metal mould having an internal diameter of 152 mm and an effective
height of 132.5 mm, fitted with a detachable baseplate and a removable collar assembly about
60 mm high both of which can be firmly attached to the mould.

3.2.5 Rammer, a metal rammer having a 50 mm diameter face, a drop mass of 2700 g and a drop
height of 300 mm. A mechanical compactor may be used provided the essential dimensions
are adhered to and the rammer has a free vertical fall of the correct height with blows being
uniformly distributed and in keeping with any prescribed cycle of blows. The design of the
compactor allows attachment of the mould to a level and rigid support base. The difference
between maximum dry density determinations using manual or mechanical compaction is less
than 2%.
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3.2.6 Level rigid foundation on which to compact the specimen, for example a sound concrete floor
about 100 mm or more in thickness or a concrete block of at least 100 kg mass.

3.3 Balance of suitable capacity, with a resolution of at least 0.1 g and with a limit of performance
within the range of 0.5 g (Note 9.1).

3.4 Measuring cylinders of 10 mL or 50 mL capacity as required.

4 Stabilising agents

Stabilising agents used in laboratory testing shall be fresh samples of the same type,
manufacturer and supplier as expected for the field application. Do not use bagged supplies.
Obtain the ATIC Registration number for all cementitious materials (Note 9.3). However, due
to safety issues and the need to control compaction do not use quicklime for laboratory
testing. Instead, use a high quality, fresh hydrated lime complying with AS 1672.1: Limes and
Limestones (Note 9.3).

5 Calculation of addition rates
5.1 The addition rates shall be calculated as follows:

5.2 Calculate the dry mass of each test portion as follows:

100m,
m2:—
100+w,
where m = mass of dry material in test portion (g)
2
m = mass of wet material in test portion (g)
1
W = hygroscopic moisture content (%)
1

5.3 Calculate the mass or volume of each stabilising agent to be added as follows:

5.3.1 For a system where the agent is specified in terms of percentage by mass:

— m,p,
* 100
where m = mass of each stabilising agent (g)
N
m = mass of dry material in test portion (g)
2
P = stabilising agent content (%)
1
5.3.2 For a system where the agent is specified in terms of a rate per unit volume:
m,r
v=—2
p,1000
where v = volume of each stabilising agent (mL)
S
m = mass of dry material in test portion (g)
2
r = application rate (L/m?)
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= maximum dry density (t/m?)

P4

54 Calculate the mass or volume of each admixture as follows (Note 9.5):

5.4.1 For a system where the admixture is specified in terms of percentage by mass of stabilising

agent:
m, = m.p,
100
where m = mass of each admixture (g)
a
m = mass of each stabilising agent (g)
S
p = admixture content (%)
2

5.4.2 For a system where the admixture is specified in terms of volume per unit of mass of

stabilising agent:

— msp3

v,=
100000
where v = volume of each admixture (mL)
a
m = mass of each stabilising agent (g)
N
P = admixture content (mL per 100 kg of stabilising agent)
3

5.5 Calculate the mass of mixing water to be added as follows (Note 9.6):

5.5.1 For a system containing dry stabilising agent:

(m2+std)W2

- 100 (my-1m:)
where m, = mass of mixing water to be added (g) (Note 9.7)
m, = mass of dry material in test portion (g)
Zde = sum of dry stabilising agent masses (g) (Note 9.8)
W, = target compaction moisture content (%)
m = mass of wet material in test portion (g)

5.56.2 For a system containing emulsion or slurry stabilising agent:

P
[m2+zmsd+m5““100)w2 (mm, ) T (100:2)

m,=
100 100
where m = mass of mixing water to be added (g) (Note 9.7)
3
m = mass of dry material in test portion (g)
2
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Zm = sum of dry stabilising agent masses (g) (Note 9.8)
sd

= mass of emulsion or slurry stabilising agent (g)
SwW

= solids content of emulsion or slurry stabilising agent (%) (Note 9.8)

P4

W = target compaction moisture content (%)
2

m = mass of wet material in test portion (g)
1

5.6 For a system where a constituent is being diluted, calculate the mass of dilution water and the
mass of residual mixing water as follows:

5.6.1 Dilution water for a system where the stabilising agent is specified in terms of percentage by

mass:
m,=m _DF
where m = mass of dilution water (g)
4
m = mass of each stabilising agent (g)
N
DF = dilution factor (Note 9.9)
5.6.2 Dilution water for a system where the agent is specified in terms of a rate per unit volume:
m,=v DF
where m = mass of dilution water (g)
4
v = volume of each stabilising agent (mL)
S
DF = dilution factor (Note 9.9)

m,=m,-m,
where m = mass of residual mixing water (g)
5
m = mass of mixing water to be added (g)
3
m = mass of dilution water (g)
4
6 Procedure — hand mixing
6.1 Test portions are to be mixed in turn with the required amount of stabilising agent and any

admixture, then, conditioned prior to compaction as follows (Note 9.10):

6.2 Weigh or measure the quantity of each stabilising agent separately. Measure out separately
the required mass of mixing water, mass of dilution water and mass or volume of admixture.
When an admixture is to be used, include this as part of the mixing water. Add any dilution
water to the constituent being diluted.

6.3 Lime stabilising agent
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6.3.1

6.3.2

6.3.3

6.3.4
6.3.5

6.3.6

6.3.7
6.4

6.4.1

6.4.2

6.4.3

6.4.4

This subsection details the process for incorporation of lime where a two day mixing process
would be used in the field.

Spread one of the test portions on the mixing tray and distribute half of the lime evenly over its
surface. Thoroughly mix the lime to a uniform colour with the host material.

Add half of the mixing water to the material in small increments and combine thoroughly to
form a uniform mixture (Note 9.11).

Ameliorate the mixture as follows:

a) Compact the mixture in an appropriately sized mould in approximately 40 mm layers
using one-half standard compactive effort.

b) Demould the compacted material and seal it in plastic wrapping and place in an air curing
environment for at least 12 hours but not exceeding 72 hours at 23+2°C (Note 9.11).

Repeat Steps 6.3.1 to 6.3.3 for each test portion.

At the end of the amelioration period, unwrap the materials, break up the mixture and add the
remaining lime and mixing water by repeating Steps 6.3.1 and 6.3.2 for each portion.

Condition the mixture as follows:

a) Place the mixture into a sealable container using hand pressure to consolidate the
mixture. Cure the mixture for the expected field delay time, measured from the start of
mixing to the commencement of compaction or from mixing of the lime to the
incorporation of other stabilising agents.

b) Otherwise, put the mixture aside to condition for 45 minutes, timed from when the
remaining mixing water was first added to the mixture of host material and stabilising
agent.

At the end of the conditioning period the mixture is ready for moulding.
Dry stabilising agent

This subsection details the process for incorporation of dry stabilising agents (such as cement,
cement / flyash blends, cement / slag blends, lime / flyash, lime / slag and so on) where a one
day mixing process would be used in the field.

Spread one of the test portions on the mixing tray and distribute the stabilising agent evenly
over its surface. Thoroughly mix the agent with the material to a uniform colour. Where more
than one agent is used, it may be advantageous to mix the stabilising agents together before
adding them to the material.

Add any admixture to the mixing water and incorporate the water with the material in small
increments, combining thoroughly to form a uniform mixture. If a fluid stabilising agent is also
to be added, withhold a small quantity of water to be used in that operation.

Incorporate any fluid stabilising agent as per Subsection 6.4, otherwise place the mixture in a
sealable container and put it aside to condition for 45 minutes, timed from when the mixing
water was first added to the mixture of host material and stabilising agent(s).

Repeat Steps 6.4.1 to 6.4.3 for each test portion.
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6.5 Fluid stabilising agent

6.5.1 Spread one of the test portions on the mixing tray and add most of the residual mixing water to
the material in small increments while withholding a small quantity of water for rinsing the
stabilising agent container. Combine the water with the material to a uniform mixture.

6.5.2 Again spread the test portion on the mixing tray and pour the diluted stabilising agent evenly
over its surface. Rinse the stabilising agent container with the remaining mixing water and
thoroughly mix the agent and water with the material to a uniform colour.

6.5.3 Repeat Step 6.5.2 for each fluid stabilising agent, if appropriate.

6.5.4 Place the mixture(s) in a sealable container and put aside to condition for 45 minutes, timed
from when the mixing water was first added to the mixture of host material and stabilising
agent(s).

6.5.5 Repeat Steps 6.5.1 to 6.5.4 for each test portion.

7 Procedure — machine mixing

Test portions are to be mixed in turn with the required amount of stabilising agent and any
admixture, then conditioned prior to compaction as follows (Note 9.10).

7.1 Weigh or measure the quantity of each stabilising agent separately. Measure out separately
the required mass of mixing water, mass of dilution water and mass or volume of admixture.
When an admixture is to be used, include this as part of the mixing water. Add any dilution
water to the constituent being diluted.

7.2 Dry stabilising agent

This subsection details the process for incorporation of dry stabilising agents (such as cement,
cement / flyash blends, cement / slag blends, lime / flyash, lime / slag and so on) where a one
day mixing process would be used in the field.

7.2.1 Add the test portion to the mixer. Mix the test portion for 15 seconds to spread the material
evenly in the mixer.

7.2.2 Add the dry stabilising agent evenly over the surface of the test portion. Where more than one
agent is used, it may be advantageous to mix the stabilising agents together before adding
them to the material.

7.2.3 Mix the agent with the material for 120 seconds and incorporate the water with the material in
small increments, combining thoroughly to form a uniform mixture. Add any admixture to the
mixing water. If a fluid stabilising agent is also to be added, withhold a small quantity of water
to be used in that operation.

7.2.4  Allow the material to stand in the mixer for 120 seconds, then mix the agent with the material
for a further 120 seconds.

7.2.5 Incorporate any fluid stabilising agent as per Subsection 7.3, otherwise transfer the mixture to
a sealable container and put it aside to condition for 45 minutes, timed from when the mixing
water was first added to the mixture of host material and stabilising agent(s). A rubber mallet,
spatula and scoop may be used to assist with loosening material adhering to the interior of the
mixer.

7.2.6 Repeat Steps 7.2.1 to 7.2.5 for each test portion.
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7.3
7.31

7.3.2

7.3.3

7.3.4
7.3.5

7.3.6

8

Fluid stabilising agent

Add the test portion to the mixer. Mix the test portion for 15 seconds to spread the material
evenly in the mixer.

Mix the material for 120 seconds and add most of the residual mixing water to the material in
small increments while withholding a small quantity of water for rinsing the stabilising agent
container.

Allow the material to stand in the mixer for 120 seconds. Pour the diluted stabilising agent
evenly over the surface of the mix. Rinse the stabilising agent container with the remaining
mixing water and mix the agent and water with the material for a further 120 seconds.

Repeat Step 7.3.3 for each fluid stabilising agent, if appropriate.

Transfer the mixture(s) to a sealable container and put aside to condition for 45 minutes, timed
from when the mixing water was first added to the mixture of host material and stabilising
agent(s). A rubber mallet, spatula and scoop may be used to assist with loosening material
adhering to the interior of the mixer.

Repeat Steps 7.3.1 to 7.3.5 for each test portion.

Reporting

The following shall be reported:

8.1

9
9.1

9.2

9.3

9.4

9.5

9.6

9.7

The number of this test method, that is Q135A.

Notes on method

The balance referred to is suitable for most applications when adding stabilising agent to
material. For small masses of material, a balance with a resolution which displays to one
significant figure more than the mass being weighed and a limit of performance commensurate
with the resolution will be required.

This can be provided by the supplier of the cementitious materials. Further details are
available from the Australian Technical Infrastructure Committee (ATIC), Cementitious
Materials Registration Scheme (CMRS), Registered Products List.

Before handling any stabilising agents or admixtures, the operator should consult the relevant
SDS.

Admixtures may be used in conjunction with cementitious stabilising agents such as cement
and blended cement. The amount used is normally related to the stabilising agent type and
content.

When non-water based liquid stabilising agents are used, for example, cutback bitumen, no
allowance is made here for its contribution to mixture fluidity when determining the mass of
mixing water.

It is necessary to make some allowance for loss of moisture due to hydration and/or during
mixing. This allowance will depend on the type of material under test, the stabilising agent
content and the ambient conditions in the laboratory. Add this allowance to the calculated

mass of water (11;).

The formula provides for more than one dry solids stabilising agent as well as one agent which
contains both solids and water. If there is more than one stabilising agent containing solids
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9.8

9.9

9.1

9.1

and water, this formula will need to be modified accordingly. Where there are no dry solids, the

value of M, is zero.

The dilution factor will depend on the mixability of the agent with the material to provide a
uniform mixture. A value of about 2 is generally used for bitumen emulsion.

Before incorporation of the stabilising agent(s), medium and high plasticity materials must be

at a significant moisture content (say 50 percent of OMC) to allow thorough and uniform
incorporation of the stabilising agent(s).

0  Where other stabilising agents are to be added later, use only sufficient water to bring the lime

mixture to the approximate optimum moisture content for the mixture.

1 The maximum amelioration time is specified in Main Roads Technical Specification
MRTSO7A Insitu Stabilised Subgrades using Quicklime or Hydrated Lime.

Table 1 — Dimensions and tolerances for suitable moulds and rammer

Apparatus Dimension Tolerance

Moulds
Mould A: 105 diameter
Internal diameter (mm) 105.0 +05*
Effective height (mm) 115.5 +0.5*
Nominal volume (cm3) 1000 +15
Mould B: 152 mm diameter
Internal diameter (mm) 152.0 +1.0*
Effective height (mm) 132.5 +0.5*
Nominal volume (cm3) 2400 +35
Rammer
Diameter; round foot (mm) 50 +0.4
Area of rammer (mm?2) 1964 + 31
Drop (mm) 300 +20%
Mass (kg) 2.7 +0.01%
Energy delivered per blow (J) 7.94 +0.08
Number of layers 3
Number of blows / layer:Mould A 25

Mould B 60
Energy input (kJ/m3) 596 14

*

Either but not both of the tolerances may be exceeded provided the specified tolerance on volume is not
exceeded.

Either but not both of the tolerances may be exceeded provided the appropriate tolerance on  energy
delivered per blow is not exceeded.
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Test Method Q135B: Curing moulded specimens of stabilised material

1 Source

This method was developed in-house using techniques evolved through internal departmental
research investigations.

2 Scope

This method describes the procedures for curing laboratory and field moulded specimens containing
stabilising agents under standard conditions. The procedure provides for the curing of specimens
which are demoulded before testing.
3 Apparatus

The following apparatus is required:
3.1 Air curing environment:

3.1.1  Cabinet or environmental room for curing unsealed specimens, capable of maintaining a
temperature of 23 + 2°C and a relative humidity = 95%, or

3.1.2 Cabinet or environmental room for curing sealed or moulded specimens, capable of
maintaining a temperature of 23 + 2°C, or

3.1.3  Water bath for curing sealed or moulded specimens, with a lid and raised floor to keep the
specimens clear of the water. With the lid closed, the bath must be capable of maintaining a
temperature of 23 + 2°C.

3.2 Immersed water curing environment:

3.2.1  Water bath, of sufficient depth to immerse the demoulded specimen in water and capable of
maintaining a temperature of 23 £ 2°C during immersion.

3.3 Air drying environment:

3.3.1  Cabinet or environmental room for curing specimens, capable of maintaining a temperature of
23 + 2°C and a relative humidity of 50 + 5%.

34 Heavy duty plastic wrapping (polyethylene), capable of sealing specimens against moisture
loss.
3.5 Heavy duty plastic bags (polyethylene), capable of sealing specimens against moisture loss.

3.6 Cable ties, elastic bands or other suitable means for sealing the plastic bags.

3.7 Paper, wet for wrapping specimens to maintain a moist specimen during curing.
3.8 Water and a spray bottle for misting specimens.
3.9 Sample extractor, such as a jack, lever frame or other device suitable for extruding compacted

specimens from nominal 100 mm and 150 mm diameter moulds.

4 Procedure
The procedure shall be as follows:

4.1 At the completion of moulding, seal all moulds using plastic wrapping or plastic bags to
prevent moisture loss (Note 6.1).
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42

4.3

4.4

6.2

6.3

For specimens which are to be demoulded before testing, proceed as follows:

a) Place the moulded specimens in a cabinet, room or bath as specified in Step 3.1 and
maintain a temperature of 23 + 2°C for 18 to 24 hours (Note 6.2) or 36 to 48 hours for
slab specimens.

b) At the completion of this initial curing, carefully demould the specimens ensuring that
specimen damage is minimised.

c) For demoulded specimens which are to be air cured as specified in Table 1, prepare as
follows:

i.  Forunsealed specimens to be placed in a cabinet or room specified in Step 3.1.1,
place the specimens on a transfer plate for ease of handling.

ii. For sealed specimens to be placed in a cabinet, room or bath specified in Step 3.1.2
or 3.1.3:

¢ lightly mist the specimens with water or wrap in wet paper
e seal the specimens in plastic wrapping or place in a plastic bag and seal the bags
e place the specimens on a transfer plate for ease of handling.

Cure both demoulded and moulded specimens at the standard curing conditions specified in
Table 1. Where specimens are to be subjected to water curing or air drying, remove any
paper, plastic bags or plastic wrapping. Slab specimens are removed from curing after

28 days and cut into beam specimen. Following cutting they are prepared as detailed in
Step 4.2 c) and returned the curing environment until the specified curing is complete.

At the completion of curing, remove any paper, plastic bags or wrapping to prepare the
specimens for testing (Note 6.3).

Reporting

The following shall be reported:

The number of this test method, that is Q135B.

Notes on meth