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An Important Note for the Reader

The research detailed in thisreport was commissioned by Transfund New Zealand.

Transfund New Zealand is a Crown entity established under the Transit New
Zealand Act 1989. Its principal objective is to allocate resources to achieve a safe
and efficient roading system. Each year, Transfund New Zealand invests a portion
of its funds on research that contributes to this objective.

While this report is believed to be correct at the time of its preparation, Transfund
New Zealand, and its employees and agents involved in its preparation and
publication, cannot accept any liability for its contents or for any consequences
arising from its use. People using the contents of the document, whether directly
or indirectly, should apply and rely on their own skill and judgement. If necessary,
they should seek appropriate legal or other expert advice in relation to their own
circumstances, and to the use of this report.

The material contained in this report is the output of research and should not be
construed in any way as policy adopted by Transfund New Zealand but may form
the basis of future policy.
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Executive Summary

A research project was carried out in 2001-02 to investigate subgrade soil water conditions of
road pavements in New Zealand, in particular the applicability of soaked or unsoaked test
specimens, and seasonal influences on subgrade stiffness.

Three pavement test sections (Kohimarama Road, Blockhouse Bay Road and Bristol Street)
from the Auckland region were selected for a two-year investigation to determine the
appropriate moisture conditions and strength/stiffness properties of the subgrade for pavement
design. Three test locations at each test section were established, and test pits were excavated
in the left wheel track and at the carriageway centreline, four times during the monitoring
period. Each test pit was logged and photographed as well as being tested for in situ CBR!,
dynamic cone penetrometer (DCP) and water content tests. Standpipes for water-table levels
were installed in one test location at each site. In addition, soil samples were recovered for
laboratory (soaked) CBR tests.

The test results showed very few clear relationships between the various parameters measured.
No relationship was found between the monthly rainfall and the subgrade water content or the
in situ CBR test results. In addition, the transverse location (across the carriageway) of the test
pits had no influence on the results.

Monthly standpipe records showed that two of the three sites (Kohimarama Road and
Blockhouse Bay Road) did not show ground-water level within 1.8 m of the pavement surface
during the monitoring period. Ground water was within 1.8 m in the Bristol Road standpipe and
areasonable correlation was recorded between the ground-water level and the magnitude of the
monthly rainfall.

A reasonable correlation was also found between the in situ subgrade CBR results and the
corresponding values inferred from the DCP tests over the top 100 mm of subgrade. This
verifies the applicability of the DCP to CBR relationship presented in the AUSTROADS (1992)
Design Manual, at least for the conditions encountered at the test locations.

The laboratory CBR test results showed that soaked test conditions would be appropriate for
the Blockhouse Bay Road and Bristol Street subgrades. However, soaked conditions would be
overly conservative for the Kohimarama Road subgrade and would not give a true indication
of subgrade strength. This appears to be reasonable given that Kohimarama Road is sited on a
ridge and the ground-water level is most likely at a significant depth below the top of the
subgrade.

A procedure for determining the appropriateness of soaked or unsoaked subgrade testing
conditions has been developed in this research. It is intended for routine design situations where
frequent and/or long-term subgrade monitoring is not justifiable. The proposed distinction
between the applicability of soaked and unsoaked test conditions is based on the potential for
the ground-water level to lie within 1 m of the top of the subgrade for any significant period of
time or on a repeated basis during the pavement’s life. This is dependent upon a number of
issues such as topography, inundation potential, soil properties, drainage conditions, rainfall,
ete. Other important factors are the water content and density conditions for preparation of the
test specimens.

' CBR California Bearing Ratio



Where the subgrade soil is to be placed, i.e. in a fill situation, the specimens should be prepared
to the specified field water content and density.

In cut or at-grade situations the test specimens should be taken as undisturbed, or reconstituted
to field conditions with due consideration of any seasonal effects.

The research was limited by the small number of test locations and relatively short monitoring
period. Further research should be carried out to investigate the issues raised in greater détai],
and over a longer time.

Abstract

A research project was carried out in 2001-02 to investigate subgrade soil water
conditions of road pavements in New Zealand, in particular the applicability of
soaked or unsoaked test specimens, and seasonal influences on subgrade stiffness.

Test sections were established on three roads in the Auckland region. The test
sections were subjected to four rounds of field tests over a period of two years to
determine subgrade water content and strength/stiffness properties. Standpipes
were installed to measure ground-water levels and subgrade samples were taken
for laboratory (soaked) CBR tests.

The results showed very few correlations between the various subgrade test
parameters measured. No clear relationship was found between rainfall records
and subgrade water content or in situ CBR. A reasonable correlation was found
between the ground-water level and the rainfall record at one test site, and the in
situ CBR and dynamic cone penetrometer-inferred CBR showed reasonable
correlation.

The laboratory CBR tests show that soaked soil conditions would be appropriate
for two of the sites but overly conservative for the third site. The observations are
considered to be consistent with the topographical features of the various sites.

A simple method for determining the applicability of soaked or unsoaked
parameters is presented, based on an assessment of the potential for the ground-
water [evel to be within 1 m of the top of the subgrade. Factors that influence the
ground-water level are discussed.



1. Introduction

1. Introduction

1.1 Objective

The objective of this research project was to investigate the appropriate subgrade
moisture conditions for mechanistic pavement design for New Zealand roads.

One of the main aims was to determine if the use of soaked subgrade parameters is
appropriate for road pavement design in New Zealand. Soaked subgrade parameters
have traditionally been used in this country, but this is a conservative approach which
has been questioned. If unsoaked subgrade parameters can be used in appropriate
circumstances, the procedure may allow thinner, and therefore more cost-effective,
pavements o be designed.

The main tasks for the research were:
» reviewing the recent international technical literature on subgrade moisture issues,
and

* carrying out a practical investigation comprising field and laboratory testing of three
pavements in the Auckland area.

The test data were analysed in relation to meteorological records to determine any
significant correlations.

1.2 Mechanistic Pavement Design

Most road controlling authorities around the world, including Transit New Zealand, use
amechanistic approach to pavement design. This follows the general procedure outlined
here:

» A trial pavement structure is proposed, composed of a sequence of linear elastic
layers.

» Elastic theory is used to determine critical strains under standard loading conditions.
* The critical strains are related to pavement life using ‘performance criteria’.

* The pavement model is adjusted until the required life is achieved.

Each pavement layer is characterised in terms oftwo elastic parameters: elastic modulus
(E) and Poisson’s Ratio (v). These parameters, especially elastic modulus, must be
determined with appropriate accuracy and reliability so that the design model closely
represents the in-service pavement. However, establishing the elastic parameters can be
difficult because pavement materials are inherently variable from one point to the next
(both horizontally and vertically), and their elastic moduli are influenced by a number
of effects, some of which are within the designer’s control, but many of which are not.



SUBGRADE MOISTURE CONDITIONS FOR PAVEMENT DESIGN OF NZ ROADS

The variability of material properties can be addressed by using a statistical approach to
the characterisation. In the analysis of highway pavements, this is generally achieved by
assessing material parameters at a 10 percentile confidence level. This means that we
would expect 90% of the materials to be superior to those used in the design. In simple
terms, this is analogous to saying that at the end of the pavement’s design life, only 10%
of the pavement area should be in a ‘“failed’ condition.

1.3 Significance of the Subgrade

The subgrade provides the ultimate support for the pavement and the imposed traffic
loads. The level of support is dependent upon:

*» soil type;

* material density; and

* moisture content, both during construction and in service.

Quantifying the level of support provided by the subgrade is the most important aspect
of determining the pavement design thickness.

One important influence that the designer has at least partial control over is water in the
pavement layers and the subgrade. It is well established that water can have significant
detrimental effects on pavement performance, particularly in subgrades comprising
plastic soils. Therefore, when characterising subgrade materials for pavement design,
an appropriate moisture condition must be used for testing.

This is a complex issue, as several influences may contribute to the movement of water
into, or out of, a pavement structure. A further complicating factor is that many
pavement engineers cannot agree on some of the fundamental behaviour of moisture in
pavements. The contradictory views are generally about the permeability characteristics
of unbound base and sub-base layers.

Moisture behaviour affects not only subgrade soils but also the upper pavement layers,
though permeability of upper layers also influences subgrade moisture conditions.

Chapters 2, 3 and 4 of this report present the results of a review of the recent technical
literature on the following topics:

* moisture in pavements;
* the effect of moisture on subgrades; and
« subgrade characterisation for design.

Relevant literature abstracts were identified using the TRIS, ITRD and ROAD road
engineering literature databases (held by ARRB in Australia). Further information has

been obtained from private, academic and road controlling authority sources.

A Glossary of abbreviations and definitions of terms is appended.

10



2. Moisture in Pavements

2. Moisture in Pavements

2.1 General

The presence and variation of moisture is generally accepted to have a significant
influence on the performance of a pavement structure. Moisture can affect the
mechanical and volumetric properties of not only subgrade soils, but also the upper
pavement layers.

The issue of moisture in pavements is very complex. It is, as stated in Section 1.3 of this
report, a source of some disagreement among pavement engineers. For example, a
common view is that one or more of the unbound pavement layers should have an open
grading so that any water that enters the pavement can escape without developing high
positive pore pressures. Cedergren (1974) states that water can percolate through
pavement layers and drain freely at the road shoulders.

Another view is that the pavement layers should be as impermeable as possible so that
water is not able to enter the pavement structure (Tonkin & Taylor 1979). Supporters of
this concept may argue that drainage layers can allow water to enter the pavement
structure rather than escape from it.

Adding to the complexity of the issue is the inherent variability of pavement
construction materials, in particular of subgrade soils. Subgrade soils at any given site
can vary in numerous properties, many of which can affect the way the soil behaves in
the presence or variation of moisture.

2.2 Sources of Water

Water can be transferred into or through a pavement in three ways: entry, redistribution,
or evaporation (Lay 1981).

Entry

Water enters the pavement structure by infiltration or seepage from higher ground,
verges, shoulders, surface cracks, or permeable surfaces. Sources of water include rain,
melting snow or ice, leaking pipes, ground water, or water used in construction or
maintenance (NAASRA 1983).

Redistribution

Water is moved within the pavement materials as a result of positive or negative pore
water pressures. Pressure changes may be caused by wheel loads or pore water tension
effects.

il
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Evaporation
Water in vapour form moves as a result of a temperature gradient in the pavement
structure (Lay 1981).

2.3 Factors Influencing Moisture in Roads

Several factors can influence the moisture condition in a road pavement. Those that are
beyond the control of the designer are:

+ subgrade soil type, i.e. mineralogy, grain size and grading;
+ climate;

» topography;

» water table depth;

* adjacent vegetation;

+ adjacent irrigation;

» tendency to flood.

The influencing factors that are within the control of the designer (Tonkin & Taylor
1979) are:

* pavement cross-section geometry;

+ drainage measures;

* pavement composition;

* types of shoulder;

+ water content at the time of construction.

Brief comments on each of these factors are given below.

2.3.1 Subgrade Soil Type

Soils of increasing fineness and plasticity are likely to retain the greatest amounts of
water (Tonkin & Taylor 1979) and to experience the greatest variation in properties.
High water content in fine-grained soils generally relates to low strengths and low elastic
moduli. These soils are also likely to experience significant volume changes with
relatively small changes in moisture content.

Granular soils (particle size >2 mm) are less prone to changes in strength, stiffness or
volume with changes in moisture content. -

2.3.2 Climate

Rainfall, temperature and evaporation are the main climate factors influencing subgrade
moisture conditions. Clearly, the higher the rainfall, the greater the amount of water that
is available to reach the subgrade.

Temperature has less influence in the New Zealand environment. However, in cold
regions of the country, temperature influences the formation and thawing of ice in the
subgrade. Both the formation and the thawing of ice can have severe effects on subgrade
performance.

12
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Evaporation influences the amount of water that exists at the pavement and adjacent
ground surfaces.

2.3.3 Topography

Topography is a major influence on the flow of stormwater. Generally, the steeper the
topography, the greater the proportion of water shed as surface run-off instead of seeping
into the ground. However, this depends greatly on the properties of the soils.

2.3.4 Water Table Depth

When the water table is reasonably high, it is one of the most significant influences on
the subgrade moisture conditions (Tonkin & Taylor 1979). The depth of the water table
is influenced by climate, topography, drainage provisions, and soil types.

ARRB (1991) states that a water table within 6 m of the surface in clay soils, 3 m in
sandy clays or silts, or 1 m in sands is likely to have a controlling influence on the
subgrade moisture conditions. Capillary rise tends to cause saturation of soils above the
water table, with the height of the rise dependent on the permeability of the soil. The
pore water tension, or suction, associated with capillary effects tends to increase the
compressive stresses in the pavement structure.

In investigating subgrade moisture conditions, suction is considered to be the most
useful parameter (Tonkin & Taylor 1979). This is because suction is a stress, which
makes it more directly related to soil strength and the factors influencing subgrade
moisture conditions. Pore water suction is measured in units of pF, which is the
logarithm of the height (cm) that a column of water would need to rise to attain an
equivalent pressure.

2.3.5 Adjacent Vegetation and Irrigation
Vegetation and/or irrigation adjacent to a pavement can have a significant influence on
the subgrade moisture conditions, as both use and contribute to soil moisture.

2.3.6 Tendency to Flood
Clearly, areas that have flat, low-lying topography, and therefore a tendency to periodic
flooding, are likely to have a relatively high water table.

2.3.7 Pavement Cross-section Geometry
The pavement cross section should be designed so that stormwater is shed efficiently
while maintaining a suitable geometry for the safe operation of vehicles.

2.3.8 Drainage Measures
Tonkin & Taylor (1979) state that generally the four facets to pavement drainage are to:

* remove surface run-off;
* remove water from pavement layers;

* intercept water seeping from adjacent ground;
* lower the ground-water level.

i3
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Brickell (1985) recommends that drainage systems should be designed to ensure that the
pavement layers do not exceed 80% saturation for extended periods of time.

2.3.9 Pavement Composition

The permeability of the pavement layers has a major influence on the moisture
conditions in the subgrade. It is well established that pavement surface seals and asphalt
wearing courses are not impermeable. Therefore some water can be expected to enter
the pavement through its surface or the shoulder.

Tonkin & Taylor (1979) state that the pavement layers should be as impermeable as
possible to prevent water entering from the subgrade. Queensland Transport (1990)
states that either the base or the sub-base layer should be relatively permeable so that
water entering the pavement structure can be removed laterally before it reaches the
subgrade. ARRB (1991) reports that, ideally, the permeability of the pavement layers
should increase with depth.

2.3.10 Types of Shoulders

A common way for water to enter a pavement structure is through the shoulder. It then
seeps laterally towards the carriageway. This can be minimised by providing sealed
shoulders that are at least 1 to 1.5 m wide.

2.3.11 Water Content at the Time of Construction

Powell et al. (1984) report that subgrade soils” that are allowed to get wet during
construction generally remain wetter, and therefore weaker, than subgrades that have
been kept relatively dry. They recommend that the subgrade soil should be constructed
at a moisture content lower than the expected equilibrium moisture content.

Queensland Transport (1990) states that cohesive soils that are compacted when dry of
optimum water content, have an open or dispersed structure. These soils generally have
a high strength and stiffness. However, the dispersed structure is vulnerable to collapse,
and significant loss of strength, if water is subsequently allowed to enter the subgrade
soil.

A more desirable situation is to compact the soil slightly wetter than optimum so that
a flocculated structure is achieved. This structure is less vulnerable to collapse on
subsequent wetting.

2 The term ‘soil” as used in this report is equivalent to the term ‘subgrade’.

14
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3. Moisture in Subgrades

3.1 Mechanical Properties

If the moisture content of a subgrade soil changes for any reason, generally an associated
change will occur in the soil’s mechanical and volumetric properties. Basma & Al-
Suleiman (1991) reported the variation in elastic modulus with increasing moisture
content for various soil types and densities. As expected, the resilient modulus decreased
significantly with increasing moisture content and decreasing specimen density.
Regression analyses resulted in a relationship of the following general form:

M, = a—(blog.w)
where: M, = resilient modulus;
a,b = constants dependent on sample dry density;

log ., w = moisture content (natural log);

Coarse sand specimens showed the greatest decreases in elastic modulus with increasing
moisture content. For example, increasing the moisture content of the test specimens
from 5% to 10% resulted in reductions of approximately 40% to §0% in elastic modulus,
depending on the sample dry density. The drop-off in resilient modulus for clayey soils
was less, but was still quite significant. Increasing the moisture content of the clay soil
specimens from 20% to 25% resulted in reductions of approximately 30% to 40% in
resilient modulus, depending on the sample dry density.

The above result is slightly at odds with the results of Thadkamalla & George (1995)
who carried out resilient modulus tests on various soils at different degrees and methods
of saturating the soil. They found that the resilient modulus of coarse-grained soils was
reduced by approximately 20% upon saturation of the specimens. For fine-grained soils,
the reduction in elastic modulus was about 50% to 75% depending on both the degree
and the method of saturation.

Drumm et al. (1997) performed resilient modulus tests on a number of silt and clay soil
specimens. The specimens were tested at optimum moisture content (OMC) as well as
at increased levels of saturation. The results were then plotted on a graph of resilient
modulus in relation to percentage saturation. All specimens showed an approximately
linear decrease in resilient modulus with increasing percentage saturation. The rate of
decrease was measured and reported to lie in the range —280 to —2390 MPa. The soils
with high Plasticity Index values generally showed the highest rate of decrease in
resilient modulus.

Li & Selig (1994) investigated the effect of moisture content on resilient modulus using

two scenarios: varying the moisture content with constant dry density, and varying the
moisture content with constant compactive effort.

15
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Varying the specimen moisture content with constant dry density produced the following
relationship between resilient modulus and moisture content:
R, = 0.98-0.28 (w—w,,) +0.029 (w - W(,pt)2

where: R, = M /M
M, = resilient modulus at moisture content w;
M, = tesilient modulus at optimum moisture content (OMC).

Varying the specimen moisture content with constant compactive effort produced the
following relationship:

R,y = 0.96—0.18 (W= w,,) + 0.0067 (W — W,,)’

AUSTROADS (1992) reports relative subgrade support values for three soil types in
relation to compaction moisture content and density, as well as soaked and unsoaked test
conditions (Table 3.1).

Table 3.1 Relative subgrade support factors (from AUSTROADS 1992).

Unsoaked 4 Day Soak
Density Compaction Moisture Content | Density Compaction Moisture Content
(relative to OMC¥) {relative to OMC)
0.9 1 1.05 ¢.9 1 1.05

Chay Soil (CH - LL > 50)

1.05 MDD 4 3.5 3 1.05 MDD 0.9 - -
MDD 3.5 3 25 MDD 0.6 1 1.5
0.95 MDD 2.5 2 2 0.95 MDD 0.4 0.6 1

Clay Soil (CL - LL <50)

1.05 MDD 2 - - 1.05 MDD 1.2 2 22
MDD 1.8 1.2 l MDD 0.8 1 1.1
0.95 MDD 1.2 1 [ 0.95 MDD 0.5 0.5 0.6
Silty Sand Seil (SM, SL)

1.05 MDD 4.5 - - 1.05 MDD - - -
MDD 3 1.5 - MDD 12 I 0.7
0.95 MDD 1.8 1.3 1 0.95 MDD 0.6 0.5 0.5

* See Glossary for abbreviations.

Table 3.1 also shows the relationship between expected CBR values for various test
conditions, with the factors being relative to the results for a soaked specimen at OMC
and maximum dry density, MDD (i.e. factor equal to 1). It shows that soaking CH
classification test specimens has a significant influence on the soil strength. Soaking CL,
SM and SL classification soils does have an influence on the soil strength value but the
effect is not as great.

16



3. Moisture in Subgrades

The AUSTROADS data show that increasing the compaction moisture content results in
reduced soil strength values for unsoaked specimens, but increased soil strength values
for soaked samples.

3.2 Volumetric Properties

‘When the moisture content of a fine-grained soil changes, water moves into or out of the
void spaces within the soil structure. The movement of water causes the void spaces to
shrink or expand accordingly. Therefore, the overall volume of the soil can change
significantly although the degree of saturation may stay relatively constant.

Volume changes can be minimised if the subgrade soil is compacted at a moisture
content representing the conditions most likely to prevail during the life of the pavement
(Queensland Transport 1990).

Vofime
Liquid
Limit
Plastic ‘
Limit
Shrinkage
Limit
| Liquid
! | Plastic
Solid | Semi- | Soit

' Solid

Moisture Content

Figure 3.1 Definition of volume change versus moisture content for plastic soils
{from Capper & Cassie 1956).

A good representation of the volume change properties of a plastic soil is that generally
used to define the Atterberg Limits (see Glossary). Figure 3.1 shows how cohesive soils
increase in volume as the moisture content increases, except if moisture contents are
lower than the shrinkage limit (Capper & Cassie 1956).

Granular soils generally do not experience significant changes in volume with changes
in moisture content. This is because the void space effectively remains constant and
water is free to move into or out of the voids without an associated change in volume.
For these soils the degree of saturation changes with changes in moisture content.

17
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4, Characterisation of Subgrades for Pavement Design

4.1 General

Two main approaches are used to characterise subgrade soils for pavement design. The
more conservative approach involves the performance of (generally) CBR tests with the
specimens soaked for a period of approximately four days before testing. The use of
soaked material parameters represents the situation where the pavement subgrade is
effectively in a flooded state, i.e. saturated.

The alternative approach is to assess the subgrade performance parameters at a moisture
condition other than soaked. Many pavement engineers consider this approach to be
more realistic and more representative of actual pavement subgrades. However, there
is a history, at least in New Zealand, of using soaked parameters, and this has become
entrenched in the design philosophy.

The following sections of this report describe recommendations for subgrade moisture
characterisation made in pavement design manuals from New Zealand, Australia, United
States of America (US), and United Kingdom (UK).

4.2 New Zealand (Present Design Procedure)

The pavement design procedures used in New Zealand are based on those described in
Pavement Design - A Guide to the Structural Design of Road Pavements (AUSTROADS
1992). This document is generally referred to as the AUSTROADS Pavement Design
Guide. A supplementary document has been developed by Transit New Zealand (1995)
to account for the materials and practices that are unique to New Zealand.

The AUSTROADS Pavement Design Guide defines the design moisture content (DMC)
as being a “reasonable prediction of the moisture conditions in a subgrade”. Soaked
parameters are recommended as appropriate when the subgrade is likely to be below the
ground-water table, or to be inundated for any reason.

Two methods are described for establishing the DMC when unsoaked parameters are
considered to be appropriate:

. prediction from existing roads, and

. prediction from a site investigation.

4.2.1 Predicting DMC from Existing Roads
Prediction of the DMC from existing roads can be used only when the existing road and
the road being designed have the following features in common:
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Subgrade Seoil Density where the density of the existing subgrade should be less than
or equal to the density of the proposed subgrade. If this condition is not satisfied, an
adjustment can be made to the field moisture content of the proposed subgrade.

Drainage Conditions where the existing and proposed pavements should be equivalent
in type and position of drains, longitudinal grade, shoulder condition and crossfall,
formation profile, extent of adjacent vegetation, and earthwork condition (cut or fill).

Other Considerations include the depth to the permanent water table, which should
correspond between the existing and the proposed pavements. The topography and
climate conditions should be similar. The seal on the existing road should have been in
place for at least two years, otherwise the method may not be reliable. The compositions
of the pavements in terms of layer permeability should be similar.

DMC Testing

With the above conditions satisfied, samples of the existing subgrade are taken from a
depth of 300 mm below the top of the subgrade, generally in the outer wheel track. The
samples are subjected to the following tests:

. Field moisture content (FMC,);

. Plastic limit (PL,);

. Optmum moisture content (OMC, at standard compactive effort).

Samples of the proposed subgrade are also tested for Plastic Limit (PL,) and Optimum
Moisture Content (OMC,). The FMC of the proposed subgrade is then calculated as the
mean of the following values:

FMC, = FMC, x OMC, / OMC,
FMC, = FMC, x PL, / PL,

e = existing subgrade; p = proposed subgrade

The DMC is taken as the 90 percentile value of FMC, determined from the above
relationships. The DMC value may have to be corrected for seasonal variation and edge
effects if such data are available.

4.2.2 Predicting DMC from Site Investigation

If an existing pavement that is sufficiently similar to the proposed pavement cannot be
identified, an alternative procedure for calculating DMC can be used. This involves
essentially the same procedure as that described in Section 4.2.1 of this report, except
that the existing subgrade is taken as the soil on the proposed alignment. The depth of
sampling depends on the depth of the water table.

4.2.3 Presumptive Subgrade CBR Values

The AUSTROADS Pavement Design Guide presents a table of typical presumptive
subgrade CBR values which can be used for preliminary design, or when no further
information is available or investigations are not warranted. Table 4.1 presents the
presumptive CBR values based on soil types and drainage conditions.
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Table 4.1 Presumptive subgrade CBR values (from AUSTROADS 1992).

Subgrade Description Typical CBR Values (%)
Material USC* Classification Well drained Poorly drained
Highly plastic clay CH 5 2-3
Silt ML 5 2-3
Silty clay CL 6-7 4-5
Sandy clay SC 6-7 4-5
Sand SW, SP 15-20 n/a

* See Glossary for abbreviations.

4.3 New Zealand (Previous Designh Procedures}

Before the adoption of the AUSTROADS pavement design procedures, the previous
standard for pavement design in New Zealand was the State Highway Pavement Design
and Rehabilitation Manual (Transit New Zealand 1989). This document presented a
series of charts for the design of pavement layer thicknesses. While the charts were
based on a mechanistic design approach, they were quite limited in their application
because the designer was constrained by the material properties and the performance
criteria inherent in the charts.

The subgrade CBR was specified to be “normally soaked”. If the designer was certain
that saturation of the subgrade would not occur, an application could be made to Transit
New Zealand for approval to use in situ moisture conditions in the characterisation of
the subgrade.

4.4 Australia

The Australian pavement design procedure is described in the AUSTROADS (1992)
Pavement Design Guide. The subgrade characterisation is that presented in Section 4.2
of this report. However, each state of Australia uses its own adaptation of different
aspects of the 4USTROADS Pavement Design Guide to allow for conditions that are
unique to the particular state. The subgrade characterisation procedures from New South
Wales, Victoria and Queensland are described in the following Sections 4.4.1—-4.4.3.

4.41 New South Wales
The document Supplement to the AUSTROADS Guide to the Structural Design of Road
Pavements (RTA 1992) states that a subgrade CBR for design can be obtained from an
existing road providing that the subgrade soils are similar and that testing is carried out
during the appropriate season.

Elastic analysis procedures are used to back-calculate the subgrade elastic modulus (or
CBR). A simplified procedure using a Benkelman Beam to determine a parameter is
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presented called ‘spreadability’ in the document, along with a chart that relates
spreadability and maximum Benkelman Beam deflection to CBR. The data are then
subjected to a statistical analysis to obtain a confidence limit ranging from 90% to
97.5% depending on the functional class of the road.

Charts showing contours of median annual rainfall and seasonal rainfall zones
throughout NSW state are presented in the document, but no description of how to apply
them is given. The Supplement states that the subgrade characterisation procedure
generally leads to a conservative outcome and that the data should be compared with
other test procedures that do give direct measurements of subgrade conditions.

4.4.2 Victoria

The VicRoads Guide to Pavement Design (VicRoads 1993) is the Victorian supplement
to the AUSTROADS Pavement Design Guide. It provides a detailed discussion of subgrade
evaluation issues and drainage requirements for pavements in the state of Victoria. The
pavement designer has the option of using either laboratory or field investigations to
determine the properties of the subgrade for design. Where the project does not warrant
detailed investigations, presumptive subgrade CBR values can be used.

The laboratory testing procedure involves carrying out CBR tests on soaked soil
specimens and the result is multiplied by a Correction Factor. This factor is dependent
on the magnitude of the average annual rainfall and the level of evaporation for the area
in question. The supplement provides a map of Victoria showing isohyets of average
annual rainfall, and areas of high evaporation (greater than 1400 mm/year) and low
evaporation {less than 1400 mm/year). The Correction Factor is determined using the
chart reproduced in Figure 4.1. Note that the design CBR value is limited to a maximum
value of 15%.

No adjustment for rainfall (i.e. Correction Factor equals 1.0) is made in the following
instances:

. urban areas where infiltration from kerb, channel or unpaved medians is likely;

. locations where the water table is within one metre of the subgrade level;

. floodways, causeways or other pavements likely to be inundated;

. pavements with porous shoulder materials;

. poorly drained subgrades;

. cuttings below the water table; or

. very impermeable subgrade materials where 4-day laboratory soaking is
inappropriate.

The subgrade CBR for a pavement design can be determined in situ using Benkelman
Beam, FWD or dynamic cone penetrometer (DCP) test procedures. The field
investigation should be carried out after a ‘representative wet period’. If this is not
possible, a combination of field and laboratory testing is recommended.
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Figure 4.1 CBR Correction Factors for climate effects (from VicRoads 1993).

Table 42 Presumptive subgrade CBR values (from VicRoads 1993).

General Description

Design CBR

Extremely poor subgrade conditions

- saturated basaltic clay areas

- clays of extremely high plasticity (P1 > 50)
- saturated alluvial areas

- silty soils subject to saturation

2

Very poor subgrade conditions

- clays of very high plasticity (PI 35 - 50)

- disturbed & recompacted Silurian clays

- disturbed & recompacted Tertiary clays & sandy clays of high moisture content
- basaltic clay areas not saturated

Silty subgrade soils
- well drained silty soiis

Silty clay subgrades
- silty clay of very high plasticity (PI 35 - 50)
- soils capable of carrying construction traffic (CBR >= 35)

Plastic sandy clay subgrade soils
- sandy plastic clay of moderate to high plasticity (PI 15 - 35), well drained
- undisturbed Silurian clays

3-6

Low plasticity subgrade soils
- sandy clay of low to intermediate plasticity (PI 10 - 20)
- well compacted silty sandy clay, sandy clay, well drained

6-10

Ordovician, Silurian & Devonian Sedimentary Rocks
~ broken & recompacted weathered rock

6-10
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The Guide provides guidance on the use of presumptive CBR values for a range of
subgrade soil types and moisture and drainage conditions. These data have been
reproduced in Table 4.2.

443 AQueensland

The document entitled Pavement Design Manual (Queensland Transport 1990) is used
in conjunction with the AUSTROADS Pavement Design Guide for pavement design in the
state of Queensland. The Manual recognises that allowance must be made for changes
in subgrade moisture content that could occur from construction to in-service conditions.

The Queensland Pavement Design Manual is similar to the Victorian document in that
the subgrade strength for design can be determined using laboratory or field testing
procedures.

Three options are given for laboratory determination of the design subgrade CBR. These
measure CBR:

. on specimens prepared at the DMC and a density representative of field density;

. for a range of soil moisture contents and interpolate the results for the design
conditions; or

. with the specimens subjected to (four-day) soaked conditions.

The latter option is recommended when any of the circumstances outlined in
Section 4.4.2 prevail, or in any situations where soaked conditions are chosen to
minimise the risk of failure.

When laboratory CBR testing is carried out, the specimens should be compacted to the
expected in-service condition. In cut sections the field density is recommended. In fill
sections the minimum standard of compaction expected in the field is recommended.
Alternatively, for expansive soils (OMC under standard compaction conditions is greater
than 12%), the density after volume change has occurred is recommended for measuring
CBR. If the DMC is less than OMC, then the minimum compaction standard for the
subgrade (MCS) is used as the compaction standard for the test specimens. If DMC is
greater than OMC then the compaction standard for the test specimens is given by:

(MCS) * (1 + CMC) / (1 - DMC)

where: MCS = minimum compaction standard;
CMC = compaction moisture content;
DMC = design moisture content.

The DMC parameter should be selected so that it realistically represents the in-service
subgrade moisture conditions. Two options are given in the Queensland Manual to
determine an appropriate DMC. When intensive site investigations are not warranted,
the DMC can be taken from a table showing DMC values related to rainfall and drainage
conditions. The table given in the Manual is presented in this report as Table 4.3. A map
showing median annual isohyets for the state of Queensland is presented in the Manual.
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Table 43 Suggested subgrade design moisture contents (from Queensland

Transport 1990).
Median Annual Design Moisture Content (DMC)
Rainfall (mm) Good Drainage Poor Drainage Conditions described
in Section 4.4.2
<500 OMC (CH & MH) 1.15 (OMC) Soaked
otherwise 0.9 (OMC)
500 - 800 OMC 1.15 (OMC) Soaked
> 800 1.15 (OMC) Soaked Soaked

Alternatively, the DMC can be determined from the investigation of existing roads
which have been sealed for at least two years and are similar to the proposed road with
respect to:

. soil density;

. drainage conditions;

. position of the water table;
. climate; and

. pavement composition.

The Manual describes the significance of these parameters.

The investigation procedure involves recovering samples from representative
sections of the existing subgrade. The samples should be taken from a depth of 300
mm or less in the outer wheel track. The following parameters are determined for
each sample:

. OMC (at standard compaction);
. Moisture Content (MC);

. Liquid Limit (LL);

. Plastic Limit (PL).

For granular soils, the Effective Liquid Limit (LL,) and Effective Plastic Limit (PL,g)
are determined as follows:

LLs =FxLL
PL.s =FxPL
where F = fraction passing the 0.425 mm sieve.

The DMC is then determined using a procedure equivalent to that described in
Section 4.2.1.

Field testing for subgrade strength properties can be carried out on an existing road
which has been sealed for at least two years and which has soils with similar type,
density and moisture conditions as the proposed road. The testing is carried out at the
wettest time of the year using in situ CBR or DCP procedures. If it is not possible to
perform the tests after a wet period, then a combination of laboratory and field testing
is recommended.
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Characterisation of Subgrades for Pavement Design

The Manual also provides guidance on the use of presumptive CBR values for a range
of subgrade soil types and moisture/drainage conditions. This data has been reproduced
in the following Table 4.4.

Table 4.4 Presumptive subgrade CBR values (from Queensland Transport 1990).

No. | General Description Design CBR

1| Highly plastic (CH) clays; annual rainfall <300 mm; good drainage 10

2 | Highly plastic (CH) clays; annual rainfall 300 - 500 mm; good drainage 7

3 | Highly plastic (CH) clays & silts (MH); annual rainfall > 500 mm; good drainage 5

4 | Highly plastic (CH) clays & silts (MH); poor drainage 3

5 | Silty clays (CL), sandy clays (SC) sandy loam (SM, ML); poor drainage 5

6 | Silty clays (CL), sandy clays (SC) sandy loam (SM, ML); good drainage 7

7 | Loose, non-plastic sand (SW, SP); poor drainage 7

8 | Dense, non-plastic sand (SW, SP); poor drainage 10

9 | Dense, non-plastic sand (SW, SP); good drainage 16

10 | Extremely to highly weathered rocks likely to weather or degrade during Treat as for
construction to form clayey or silty materials 1 - 4 above*

11 | Extremely to highly weathered rocks likely to form gravelly clays (GC) or 7-10
clayey sands (SC) during construction; poor drainage

12 | Extremely to highly weathered rocks likely to form gravelly clays (GC) or 10-15
clayey sands (SC} during construction; good drainage

4.5 United States of America

The procedures used for the design of road pavements in the US are described in the
document AASHTO Guide for Design of Pavement Structures (AASHTO 1993). The
AASHTO Guide recognises that the environmental factors of moisture and temperature
have a major influence on the performance of pavement layers.

The AASHTO pavement design procedure is based on the solution of a complex
relationship between a parameter called Structural Number (SN) and a range of other
parameters including:

L]

traffic loading;

pavement serviceability;
subgrade resilient modulus; and
design reliability.

The AASHTO Guide states that the level of subgrade support can vary from season to
season throughout the year. Therefore, for the purposes of pavement design, the
subgrade is characterised using the mean effective resilient modulus. This represents the

25




SUBGRADE MOISTURE CONDITIONS FOR PAVEMENT DESIGN OF NZ ROADS

subgrade resilient modulus that produces the same change in pavement serviceability
over the year as if separate elastic moduli were used for each season.

Calculation of the effective resilient modulus requires knowledge of the seasonal
variation of resilient modulus for a subgrade soil. This can be achieved using either a
laboratory or a field testing approach. The laboratory approach involves testing
specimens over arange of moisture contents to establish a relationship between moisture
content and resilient modulus. The field subgrade moisture content is then estimated for
the year on a monthly or two-monthly basis. This establishes the seasonal variation of
the resilient modulus. Alternatively, the seasonal variation of resilient modulus can be
determined using back-analysis of deflection bowls by FWD.

Once the seasonal variation of resilient moduli has been established, the variation is
further broken down into monthly or two-monthly intervals. The effective resilient
modulus is determined using factors of relative damage which are provided in the
AASHTO Guide.

The AASHTO Guide also provides design information for flexible pavements carrying
low traffic volumes. It provides suggested subgrade effective resilient moduli as shown
in Table 4.5.

Table 4.5 Suggested effective subgrade resilient moduli for low traffic volume roads
(after AASHTO 1993).

Climate | Characteristics Subgrade Resilient Modulus at Various Levels of
Region’ Subgrade Soil Quality * (MPa)
V. Poor Poor Fair Good | V.Good
I Wet, no freeze 19 26 34 47 66
I1 Wet, freeze - thaw cycle 19 23 31 38 50
11l Wet, hard freeze, spring 19 21 28 30 39
thaw
v Dry, no freeze 22 28 39 54 81
hY Dry, freeze - thaw cycle 21 26 34 4] 57
VI Dry, hard freeze, spring 19 21 28 31 39
thaw

! Climate regions L I, III, IV, V, VI (are as in AASHTO 1993}
2 Values converted from imperial units.

TRB (2000) report that the AASHTO Guide is due for updating in 2002. One of the
areas of concern in the current Guide is how the climate factors are used in the analysis
of pavement performance. This is because the current AASHTO design procedure is
largely based on data obtained from the earlier AASHO Road Test which involved the
use of a single subgrade soil type and a single set of climatic conditions.
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4.6 United Kingdom

The UK design procedure is presented in TRRL LR 1132, The Structural Design of
Bituminous Roads (Powell et al. 1984). The design philosophy for the subgrade
involves two phases: a construction phase, and an in-services phase.

Construction phase

The subgrade acts as the foundation for a haul road for construction traffic. The
subgrade moisture content is considerably influenced by the conditions during
construction.

In-service phase
The subgrade acts as the Jong-term foundation for the road. Equilibrium moisture
conditions are attained, although they are influenced by the construction conditions.

Figures 4.2 and 4.3 (from Powell et al. 1984) show how the subgrade CBR may vary
with Plasticity Index during the construction and in-service phases respectively.

The properties of subgrade soils are very dependent upon moisture conditions and
disturbance. Powell et al. state that estimation or measurement of CBR values for
remoulded subgrade specimens is a sensible though somewhat conservative approach.
Table 4.6 shows presumptive CBR values under typical equilibrium moisture conditions.
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Figure 4.2 Subgrade CBR versus Plasticity Index during construction phase.
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Table 4.6 Estimated CBR values for British soils under equilibrium moisture

conditions (from Powell et al. 1984).

Soil Type CBR (%)

5 High Water Tablet” Low Water Table®

Q

E Construction Conditions Construction Conditions

g

‘B Paor Average Good® Paor Average Good®

3 -

1|3 |=|2|s|s|s|s|=|3|=]|3

E|E|E|E|E|E|E|E|E|E|E|E

Heavy clay 701 1.5 2 22 22 2 2 1.5 2 22 22 22 25

60 1 1.5 2 23 3 2 25 | 1.5 2 23 3 23 1 25

50 1.5 2 2 2.5 2 2 45 46 2.5

40 2 25 235 3 25 | 25 5 6 3.5
Silty clay 30125 35 3.5 5 3 3.5 6
Sandy clay 20 25 4 4.5 7 3 4 8

10 1.5 | 35 3.5 7 2.5 4 >8
Silt - 1 1 1 1 2 2 1 1 2 2 2 2
Sand (poor graded) - 20 1 20 | 20 20 1 20 | 20 20 [ 20 | 20 20 | 20 20
Sand (well - 40 | 40 | 40 40 40 | 40 | 40 | 40 | 40 | 40 | 40 40
graded) - 60 | 60 60 60 60 60 60 | 60 60 60 | 60 60
Sandy gravel
(well graded)

Notes (1)  High Water Table infers water table is 300 mm below subgrade formation level.
(2)  Low Water Table infers water table is 1 m below subgrade formation level,
(3)  Good Construction Conditions infers subgrade is never wetter than equilibrium
moisture content.
(4)  Thin Pavement infers total thickness < 300 mm.
(5)  Thick Pavement infers total thickness > 1200 mm (including capping).
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5. Field Investigation Methodology

51 General

Three sealed pavements in the Auckland area were selected for the field investigations.
They were subjected to a range of tests to determine if any seasonal variation of
subgrade moisture occurred and, if so, its influence on the subgrade strength properties.

5.2 Test Pavement Selection

Asset Managers from Auckland and Waitakere City Councils were asked for approval
to carry out the (destructive) testing programme on three streets within their council
boundaries. The objective was to identify three streets that had been in service for a
reasonable period of time (at least 5 years) and, if possible, that covered a range of
pavement types and expected moisture regimes. Descriptions of the three pavements
selected for the field investigation follow.

Kohimarama Road, Auckland City

Kohimarama Road is a busy arterial road located in the eastern Auckland suburb of
Kohimarama (Figure 5.1). The road pavement alignment generally follows a ridge with
a gentle decline from south to north. The carriageway width is 9.2 m and the edges
comprise kerbs and channels. The pavement has a dense asphaltic concrete surface and
has a grassed berm on one side of the road. The surrounding ground is slightly lower
than the road and generally falls away from it.

The test section is located on the northbound side of Kohimarama Road between
Commins Crescent and Selwyn Avenue,

Blockhouse Bay Road, Auckiand City

Blockhouse Bay Road is a busy arterial road located in the western Auckland suburb of
Avondale (Figure 5.2). The pavement alignment generally follows rolling topography
in a north-south direction. The carriageway width is 10.1 m and the edges comprise
kerbs and channels. The pavement has a dense asphaltic concrete surface and a narrow
grassed berm on one side of the road. The surrounding ground rises slightly on the
castern side of the carriageway and is approximately level with the carriageway on the
western side,

The test section is located on the southbound side of Blockhouse Bay Road between St
Jude Street and New Windsor Road.

Bristol Road, Waitakere City

Bristol Road is a quiet rural road (Figure 5.3) located in Whenuapai, north-west of
Auckland City. The pavement alignment falls slightly from south to north. The
surrounding ground is generally flat and level with the carriageway. Shallow side drains
are provided on both sides of the carriageway.
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Table 5.1 Details of pavement pit locations.

Test Section

Pavement Pit

Longitudinal Location

Transverse Location

Kohimarama Road KO1 Outside House No. 154 | LWT, Northbound Lane
KO2 Centre of Carriageway
KO3 Outside House No. 148 | LWT, Northbound Lane
KO4 Centre of Carriageway
KO3 Outside House No. 142 | LWT, Northbound Lane
KO6 Centre of Carriageway

Blockhouse Bay Road BB1 Outside House No. 163 | LWT, Southbound Lane
BRB2 Centre of Carriageway
BB3 Outside House No. 180 | LWT, Southbound Lane
BB4 Centre of Carriageway
BBs Outside House No. 175 | LWT, Southboundiane
BB6 Centre of Carriageway

Bristol Road BRI 42 m From House No. 2 | LWT, Northbound Lane
BR2 Centre of Carriageway
BR3 50 m From BR1 LWT, Northbound Lane
BR4 Centre of Carriageway
BR5 50 m From BR2 LWT, Northbound Lane
BR6 Centre of Carriageway

Table 5.2 Summary of test methods, locations and frequencies.

Test Parameter Test Method* Test Locations Test Frequency
In situ CBR® NZS 4402:1986 Test 6.1.3 All Four times
DCP® NZS 4402:1988 Test 6.5.2 All Four times
Water Content NZS 4402:1986 Test 2.1 All Four times
Pit Log / Photo NZ Geomechanics Society All Four times
Lab CBR (Soaked) NZS 4402:1988 Test 6.1.1 Each LWT pit Once only
Liquid Limit NZS 4402:1986 Test 2.2 Each soil type Once only
Plastic Limit NZS 4402:1986 Test 2.2 Each soil type Once only
Plasticity Index NZS 4402:1986 Test 2.2 Each soil type Once only
Bulk Density NZS 4402:1986 Test 5.1.4 Each soil type Once only
Ground-water Level Standpipe & Dipmeter One per site Each month

Notes: (1) California Bearing Ratio;

* NZS 4402 tests are listed in References.
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6. Results

6.1 Kohimarama Road

6.1.1 Pavement Materials
Detailed pavement pit logs are presented in Appendix 1, and the typical pavement
structure is summarised as follows:

Surface: 40 to 110 mm of asphalt in one or more layers - in good condition.

Basecourse: 60 to 140 mm of AP40 basecourse (some crushed scoria) - dense and
slightly moist.

Sub-base: 200 to 250 mm of silty gravel - dense to very dense and slightly moist.

Subgrade: Silty clay, sometimes overlying clay - stiff to very stiff, medium to high
plasticity (Plasticity Index in the range 30 to 74), slightly moist. )

The depth to the subgrade ranged from 300 mm (at KO5) to 500 mm (at KO4).

6.1.2 Water Content Tests

Samples of subgrade were recovered from the test locations for laboratory water content
testing. Figures 6.1(a) to 6.1(f) show plots of water content versus depth into the
subgrade for each test location (KO1-KO6) and all four rounds of testing, carried out in
December 2000, April and October 2001, and February 2002.

6.1.3 Dynamic Cone Penetrometer Data

The results of the first round of DCP tests are shown on the test pit logs presented in
Appendix 1. The results at each test location for all four rounds of testing are presented
in Figures 6.2(a) to 6.2(f). The plots show cumulative DCP blows versus depth into the
subgrade.

6.1.4 In Situ CBR Tests

The in situ CBR tests were carried out at the surface of the subgrade at each test
location. The results of the four rounds of testing at each test location are shown in
Figure 6.3.

6.1.5 Laboratory CBR Tests

Laboratory (soaked) CBR tests were carried out using remoulded specimens (using
standard compaction) of soil taken from the top 200 mm of the subgrade of pits KO1,
KO3 and KOS. The tests were carried out in June 2002, and the results are presented in
Table 6.1 (p.39).
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6.2 Blockhouse Bay Road

6.2.1 Pavement Materials
Detailed pavement pit logs are presented in Appendix 1, and the typical pavement
structure is summarised as follows.

Surface: 70 to 90 mm of asphalt and chip seal in several layers - in reasonable
condition.

Basecourse: 0 to 130 mm of AP40 basecourse - dense to very dense and slightly moist.

Sub-base: 200 to 370 mm of AP100 scoria gravel with silt matrix - very dense and dry
to slightly moist.

Subgrade: Clayey silt and silty clay layers - firm tending to stiff and very stiff with
increasing depth, low to medium plasticity (Plasticity Index in the range 27 to 39),
slightly moist to moist.

The depth to the subgrade ranged from 400 to 450 mm.

6.2.2 Water Content Tests

Samples of subgrade were recovered from the test locations for laboratory water content
testing. Figures 6.4(a) to 6.4(f) show plots of water content versus depth into the
subgrade for each test location (BB1-BB6) and all four rounds of testing, carried out on
14 and 18 December 2000, 18 April-3 May 2001, 8-18 October 2001, 14-21 February
2002.

6.2.3 Dynamic Cone Penetrometer Data

The results of the first round of DCP tests are shown on the test pit logs presented in
Appendix 1. The results for all four rounds of testing at each test location are presented
in Figures 6.5(a) to 6.5(f). The plots show cumulative DCP blows versus depth.

6.2.4 [n Situ CBR Tests
The in situ CBR tests were carried out at the surface of the subgrade at each test
location. The results of the four rounds of testing at each test section are shown in

Figure 6.6 (p.45).

6.2.5 Laboratory CBR Tests
Laboratory (soaked) CBR tests were carried out using remoulded specimens (with
standard compaction) using soil taken from the top 200 mm of the subgrade of pits BB1,

BB3 and BBS5. The tests were carried out in June 2002, and the results are presented in
Table 6.2 (p.45).
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Subgrade: Silt, getting clayey with increasing depth - soft to very stiff, low to high
plasticity (Plasticity Index in the range 32 to 63), slightly moist to moist.

The depth to the subgrade ranged from 150 mm (BR1) to 370 mm (BRS6).

6.3.2 Water Content Tests

Samples of subgrade were recovered from the test locations for laboratory water content
testing. Figures 6.7(a) to 6.7(f) show plots of water content versus depth into the
subgrade for each test location (BR1 - BR6) and all four rounds of testing, carried out
on 6 and 15-16 December 2000, 19 April and 1 May 2001, 25 September 2001, and 14
and 21 February 2002.

6.3.3 Dynamic Cone Penetrometer Data

The results of the (first round of) DCP tests are shown on the test pit logs presented in
Appendix 1. The results for all four rounds of testing at each test location are presented
in Figures 6.8(a) to 6.8(f). The plots show cumulative DCP blows versus depth.

6.3.4 In Situ CBR Tests

The in situ CBR tests were carried out at the surface of the subgrade at each test
location. The results of the four rounds of testing at each test location are shown in
Figure 6.9 (p.51).

6.3.5 Laboratory CBR Tests

Laboratory (soaked) CBR tests were carried out using remoulded specimens (with
standard compaction) using soil taken from the top 200 mm of the subgrade of pits BR1,
BR3 and BRS. The tests were carried out in June 2002, and the results are presented in
Table 6.3.

Table 6.3 Laboratory (soaked) CBR tests for Bristol Road test specimens.

Test Pit BR1 BR3 BRS
Initial Water Content {%) 714 54.2 53.3
Compacted Dry Density (t/m?*) 0.9 1.02 1.0
Final Water Content (%) 73.2 60.3 554
Swell (%) 0.2 0 0
CBR (%) 9 10 1.5
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7. Analysis of the Results

7.3 Soil Water Content in Relation to Rainfall & Pavement Location

7.3.1 General

The soil water content is dependent on a number of factors including the soil type, the
soil particle size distribution, the level of the ground-water table, the nature of the
adjacent materials, etc. Therefore, the water content data cannot be used in a general
manner, although changes in water content throughout the monitoring period can be
considered.

To examine the effect of rainfall on the subgrade water content, see the plots of water
content versus depth (Figure 6.1(a-f) for Kohimarama Road, Figure 6.4(a-f) for
Blockhouse Bay Road, and Figure 6.7(a-f) for Bristol Road), and the corresponding
rainfall records (Figure 7.1).

7.3.2 Kohimarama Road

The plots of subgrade water content versus depth for Kohimarama Road (Figure 6.1
(a—1)) show that the subgrade water contents are reasonably consistent for all four rounds
of testing. The exception is for February 2002, results of which are typically lower than
the other results for at least part of the subgrade profile, KO4 excluded. In addition, the
results for the lower portion of the subgrade at KO2 show that the April 2001 water
contents are somewhat lower than for the other tests.

The rainfall data for the Pakuranga meteorological observation site (Figure 7.1) shows
that the February 2001 rainfall was relatively low, but not to the extent that it would be
expected to have a significant influence on the soil water content data. The March 2001
rainfall was very low, which may explain why the KO2 water contents for the April
2001 tests are relatively low, although the same trend was not observed at the other
pavement pits.

With pavement pits KO2, KO4 and KO6 located under the centre of the carriageway,
the resulting water contents would be expected to be more consistent than the data
obtained for pavement pits KO1, KO3 and KO4 which were located under the left wheel
track. This trend was not observed however, but the berm on the western side of the
carriageway, 1.e. on the side adjacent to the left wheel track tests, was surfaced in
concrete and asphalt, and it would be relatively impermeable, thus influencing the water
content.

7.3.3 Blockhouse Bay Road

The plots of subgrade water content versus depth for Blockhouse Bay Road
(Figure 6.4(a-f)) show that the subgrade water contents range from very consistent (e.g.
BB1) to very inconsistent (e.g. BB4) for the four rounds of testing.

Although clear trends do not emerge, the most variable test location, BB4, shows the
February 2001 test result to be significantly drier than the other tests at that location.
This is similar to the result found for the Kohimarama Road test section. The rainfall
record for the Henderson meteorological observation site (Figure 7.1) shows that the
rainfall was not significantly lower for January or February 2002. Also the low rainfall
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measured in March 2001 is not reflected in the water content data for the April/May
2001 round of testing.

No clear trend of improved consistency is recorded for the tests located at the centre of
the carriageway (BB2, BB4 and BB6) in comparison to those located under the left
wheel track (BB1, BB3 and BBS).

7.3.4 Bristol Road

The plots of subgrade water content versus depth for Bristol Road (Figure 6.7(a-f)) show
that the subgrade water content profiles range from being reasonably consistent (e.g.
BR1} to very inconsistent (e.g. BR2) for the four rounds of testing.

At test locations BR2, BRS and BR6, the December 2000 test results are the most
disparate, with the upper subgrade materials being relatively dry at BR2 and relatively
wet at BR5 and BR6. In addition, the February 2002 results at the lower levels of the
BR3 and BR4 subgrades are significantly wetter than for the other three rounds of
testing. These trends are difficult to resolve with respect to the Henderson rainfall
records (Figure 7.1).

As for the other test sections, no significant trends were seen in the water content
responses located under the left wheel track in comparison with those located at the
centre of the carriageway.

7.4 Dynamic Cone Penetration in Relation to Water Content

7.41 General

As for the subgrade water content data, the DCP data are most conveniently analysed by
viewing them in conjunction with the water content profiles at each test location. The
DCP profiles are presented in Figure 6.2(a-f) for Kohimarama Road, Figure 6.5(a-f) for
Blockhouse Bay Road, and Figure 6.8(a-f) for Bristol Road.

7.4.2 Kohimarama Road

The DCP profiles for the successive rounds of testing at Kohimarama Road are
presented in Figures 6.2(a-f). The plots show cumulative DCP blows versus depth below
the surface of the subgrade.

The DCP profiles indicate that the November/December 2000 and the October 2001
testing rounds produced the greatest subgrade strength/stiffness with respect to DCP
resistance. In particular, the October 2001 test results were significantly greater than the
other results at KO1 and KO4 (Figures 6.2(a) and 6.2(d)). However, the corresponding
water content profiles (Figures 6.1(a) and 6.1(d)) showed that the respective water
contents were comparable to the results of the other rounds of testing. Similarly, at
locations KO3 and KO6 where the November/December 2000 tests produced the
greatest DCP resistance (Figures 6.2(c) and 6.2(f)), the corresponding water content
profiles (Figures 6.1(c) and 6.1(f)) were comparable to the results of the other rounds of
testing.
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Of the four rounds of test results, the February 2002 DCP profiles produced the least,
or second least, DCP resistance. However, the February 2002 water content profiles
generally showed the lowest water content results. This is contrary to what would
generally be expected.

7.4.3 Blockhouse Bay Road

The DCP profiles for successive rounds of testing at Blockhouse Bay Road are presented
in Figure 6.5 (a-f). The plots show cumulative DCP blows versus depth into the
subgrade.

The greatest DCP resistance was typically found for the November/December 2000
and/or the October 2001 rounds of testing. In particular, the November/December 2000
profiles showed the greatest DCP resistance at BB1, BB2 and BB5 (Figure 6.5(a), 6.5(b)
and 6.5(e)). The corresponding subgrade water content profiles (Figures 6.4(a), 6.4(b)
and 6.4(e)) show that the water content profiles in question do not have any clear trends
of dissimilarity from the results of the other rounds of testing. A similar scenario of high
DCP resistance with no apparent relationship with the corresponding water content
profiles occurred for the October 2001 round of testing at BB4 and BB6.

7.4.4 Bristol Road
The DCP profiles for successive rounds of testing at Bristol Road are presented in
Figure 6.8(a-f). The plots show cumulative DCP blows versus depth into the subgrade.

The Bristol Road DCP profiles were the most consistent of the three test sections
throughout the four rounds of testing. There is an indication of increased DCP resistance
for the April 2001 round of tests in the upper portion of the profile at BR1
(Figure 6.8(a)). However, this trend does not follow for the other pavement pit locations,
nor is there any apparent correlation in the water content profile for BR1 (Figure 6.7(a)).

7.5 In Situ CBR in Relation to Ground-water Level & Rainfall

7.51 Kohimarama Road

The in situ CBR results for each pavement pit and each round of testing at the
Kohimarama Road test section are presented in Figure 6.3. The data show no clear
trends with the possible exception that the December 2000 and/or the April 2001 tests
generally produced the highest CBR responses. Two inexplicably high CBR responses
were obtained at KO3 and KO6 in the December 2000 round of testing.

The relatively low rainfalls measured in December 2000 and March 2001 may be linked
with the generally higher in situ CBR results obtained in the December 2000 and the
April 2001 rounds of testing. The relatively low in situ CBR results obtained for the
February 2002 round of testing cannot be correlated to significantly higher rainfall
measurements for the corresponding period.
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The laboratory CBR tests represent the typical site investigation process for which
remoulded specimens prepared at field water content are used and subsequently soaked
for four days before testing. The tests were carried out in June 2002 after a period of
relatively wet weather. Figure 7.4 (a—c) presents the results of the in situ and DCP-
inferred subgrade CBR tests, along with the corresponding laboratory CBR test results
for each test section.

The Kohimarama Road test results (Figure 7.4(a)) indicate that the laboratory CBR
values show a reasonable correlation with the in situ CBR test results at pits KO1 and
KO3. However, the laboratory CBR values are conservative compared with the in situ
CBR results at pit KOS, and with all of the DCP-inferred CBR results, especially at pit
KOsS.

The Blockhouse Bay Road test results (Figure 7.4(b)) indicate that the laboratory CBR
results correlate well with both the DCP-inferred CBR and the in situ CBR results.

The Bristol Road test results (Figure 7.4(c)) indicate an inconsistent response with
respect to the in situ and laboratory CBR tests. A reasonable correlation is obtained for
both in situ tests and the laboratory CBR tests at pit BR3. However, the data for Pit BR1
show that the laboratory CBR correlates well with the in situ CBR results but somewhat
overstates the strength with respect to the DCP-inferred CBR. At pit BRS the laboratory
CBR is overly conservative with respect to both the in situ and DCP-inferred CBR
results.

The test data presented in Figure 7.4(a-c) provide reasonable evidence that the soaked
CBR parameter would characterise the subgrade condition at Kohimarama Road in an
overly conservative manner. However the soaked CBR parameter would characterise the
subgrade conditions at Blockhouse Bay Road and Bristol Road (with the exception of
BR5) with acceptable accuracy.

7.8 In Situ Water Content in Relation to Laboratory CBR Specimen
Water Content

The water contents of the laboratory CBR specimens were determined before and after
the four-day soaking period. Table 7.2 presents the initial and final water contents for
each of the laboratory CBR specimens.

These data show that, in general, the CBR test specimen water contents did not change
greatly as a result of soaking and in many instances the change in water content would
be within the margin of error of the measurement. This suggests that either the soils
were relatively impermeable, or the soils were close to saturation pre-soaking.

A comparison of the water contents of the subgrade soils taken from the upper 200 mm

of the test pits during each round of field testing and the water content of the soaked
CBR specimens was made, and the results are presented in Figure 7.5.
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as determined using both the DCP and the in situ CBR test procedures. This may be
attributable to the soil types encountered, their variability within short horizontal
distances, and/or the accuracy of the testing procedures, in terms of both inherent
inaccuracies and operator consistency.

A reasonable correlation was identified between the monthly rainfall records and the
depth to the ground-water level at the Bristo! Road test section. The ground-water level
was notreached within approximately 1.8 m of the pavement surface at the Kohimarama
Road or Blockhouse Bay Road test sections.

The in situ CBR and the DCP profile through the top 100 mm of subgrade showed a
relatively good relationship. This observation validates the DCP to CBR correlation
presented in AUSTROADS (1992), at least for the conditions encountered at the test
sections. It also suggests that the depth of influence of the in situ CBR test equipment
is relatively shallow, i.e. of the order of 100 mm.

When examining the meaning of the laboratory CBR tests, the physical significance of
the soaking process is worth considering. Placing a CBR test specimen in a water bath
to achieve a soaked condition is akin to a ‘real’ subgrade having excess water available
to be taken up by the soil. This is comparable to the subgrade being inundated or below
the ground-water level. The soil can be in a saturated or unsaturated condition either
before or after soaking takes place, depending on a number of factors including the
specimen permeability, saturation ratio and soil mineralogy.

Comparing the field CBR tests (both in situ CBR and DCP-inferred CBR) at various
times of the year with the laboratory CBR tests gives an indication of the
appropriateness of characterising the subgrade using soaked specimens. The water
contents measured in the soaked test specimens correspond reasonably well with the
water contents measured in the field at the Blockhouse Bay Road and Bristol Road sites,
However, the water contents of the soaked specimens for Kohimarima Road (KO1 and
KO35) were slightly higher than the corresponding field measurements. This trend was
confirmed with respect to the in situ and laboratory CBR test results. The soaked CBR
values for Kohimarama Road were consistently lower than both the in situ and DCP-
inferred CBR values. This suggests that designing on the soaked CBR would be overly
conservative for the Kohimarama Road site. Conversely, the soaked CBR tests appeared
to characterise the field subgrade conditions reasonably well for the Blockhouse Bay and
Bristol Road sites.

The test results are consistent with the researcher’s initial impressions that the subgrade
at Kohimarama Road would be best characterised in a condition other than soaked. By
inspection, quite clearly the topography of the site means that the ground-water level
would be some distance below the top of the subgrade, that incidental rain water is well
managed and infiltration from adjacent ground would be minimal. The standpipe
installed at the site confirmed that the ground-water level was greater than 1.8 m from
the pavement surface throughout the monitoring period.

The topography of the Blockhouse Bay Road and Bristol Road sites suggested that the
ground-water level could be reasonably shallow, and this was confirmed by the
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standpipe measurements at Bristol Road. While the standpipe at Blockhouse Bay Road
was dry for each reading, an inspection of the site would suggest that the ground-water
regime would be intermediate between the relatively dry conditions at Kohimarama
Road and the relatively wet conditions at Bristol Road.

An important aspect of the research was that no significant seasonal trend was observed
in the test data, including the monthly rainfall records. Comparison of the rainfall data
with the historical monthly average rainfall confirmed that the testing period was
somewhat atypical in this regard, although it does raise the issue that testing carried out
in summer months may not be as non-conservative as some designers might think.

The transverse location of the testing did not appear to influence the results, i.e. there
was no distinction between the left wheel track and centreline test data. The expected
increased uniformity of conditions under the centreline of the pavement was not
observed for the selected locations.
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8. Proposed Design Subgrade Characterisation

The lack of correlation between various fundamental soil and rainfall parameters in this
research calls into question many of the current processes for determining DMC and
design subgrade CBR (or elastic modulus) presented in Chapter 4 of this report.

Despite this, the AUSTROADS subgrade characterisation procedures should be followed
for major pavement projects. However, for most routine pavement designs, the designer
simply needs to decide if the subgrade should be characterised in a soaked or an
unsoaked condition, and to decide on the moisture condition for test specimen
preparation. Generally neither the time nor budget is available to perform the number
of tests or to monitor for seasonal variations as recommended in the AUSTROADS design
procedures (see Section 4.3 of this report, and AUSTROADS 1992).

Instead, a simplified procedure could be followed based on the literature review and the
field testing carried out in this project. As the test data were obtained over a very limited
time period and at a limited number of sites, further investigations should be carried out
to substantiate and/or amend the proposed approach.

8.1 Soaked or Unsoaked Soil Test Conditions

The question of soaked or unsoaked soil test conditions is dictated by the expected in-
service subgrade moisture. The proposal is that:

+ if the ground-water level is likely to be within one metre of the top of the subgrade
for a significant period of time, and/or on a repeated basis, soaked subgrade
strength/stiffness parameters are appropriate;

» if the ground-water level is likely to remain below one metre of the top of the
subgrade, unsoaked parameters are considered to give appropriate reasonable results.

Factors that can have a significant influence on the level of the ground water are
described in Table 8.1, and the designer should consider these issues before deciding
whether to use soaked or unsoaked subgrade strength/stiffness parameters.

8.2 Preparation of Test Specimens

The expected moisture conditions at the time of construction dictate the appropriate
conditions for the preparation of test specimens. These moisture conditions will be
influenced by the degree of control the designer has on the construction.

For example, in green-fields developments in cut or at-grade situations, or in the
rehabilitation of existing pavements, if the designer has little control on the moisture
conditions in the upper one metre of subgrade soil, especially in fine-grained soils, test
specimens should be prepared at natural water content. The natural water content is
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determined as that at a level below any near-surface influences, and taking into
consideration any seasonal effect. The test specimen dry density should correspond with
the in situ dry density. Alternatively, undisturbed specimens could be recovered for

subsequent testing.

Table 8.1 Effects of factors influencing subgrade moisture parameters and ground-
water levels.

Factor

Effects on subgrade moisture conditions

Topography

The topographical setting of the pavement has a strong bearing on the
potential for the ground-water level.

If ground-water level lies within 1 m of top of subgrade, use soaked soil
conditions.

If ground-water level lies below 1 m of top of subgrade, use unsoaked soil
conditions, e.g. pavements founded on embankments should generally be
characterised with unsoaked soil conditions.

Inundation
potential

If the potential for a pavement is to become inundated for a reasonable
period of time and/or on a regular basis, use only soaked subgrade
parameters,

Drainage

Drainage provisions such as subsoil and side drains should be considered

for their ability to influence the ground-water level, primarily by stopping

water from entering the pavement. The ongoing efficacy of the drains may
be questionable and need to be maintained.

Soil type

Subgrade soil type and permeability influence the moisture regime,
e.g. capillary action in some soil subgrades may cause saturation.

Rainfall
- quantity

- seasonality

On a flat or near-flat site, the higher the rainfall the higher the ground-water
level is likely to rise. Rainfall records should be used as a secondary
criterion to determine if soaked or unsoaked parameters are appropriate.

Records can also be used to determine if seasonal variation is a significant
issue. If so, investigations should be carried out during the wettest season, or
appropriate allowances should be made when testing is cairied out in a drier
period.

Shoulder / berm
conditions

Permeable shoulders and berms can feed water into the pavement subgrade
and, if pavement drains are not provided, the ground-water level may rise to
such a degree that soaked subgrade parameters are appropriate.

If the designer has a greater degree of moisture control, as in a (green-fields) fill
situation, test specimens should be prepared at the water content and dry density
required in the construction specification. This should preferably be a condition slightly
on the wet side of optimum water content. The proposed subgrade characterisation
conditions are summarised in Table 8.2.

65




SUBGRADE MOISTURE CONDITIONS FOR PAVEMENT DESIGN OF NZ ROADS

Table 8.2 Summary of proposed subgrade characterisation conditions.

In-service Condition Subgrade Test Condition | Test Specimen Condition
Configuration

Ground-water level Fill Soaked Water content as per

potentially in upper 1 m construction specification,

of subgrade corresponding dry density from

compaction test,

Cut / At Grade Soaked Water content & dry density as
per natural conditions,
considering near-surface
influences & seasonal effects.
Alternatively use undisturbed

samples.
Ground-water level Fill Unsoaked Water content as per
below upper 1 m of construction specification,
subgrade corresponding dry density from

compaction test.

Cut / At Grade Unsoaked Water content & dry density as
per natural conditions
considering near-surface
influences & seasonal effects.
Alternatively use undisturbed
samples.

Ground-water level unknown; Soaked Judgement required as well.
Water content unknowr;
Additional reliability required

Additional testing should be carried out using a greater range of pavement sites where
the influence of the factors described in Table 8.1 can be investigated further. A more
automated approach (using time domain reflectometers or similar) would be desirable
so that continued destructive testing is not required.
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9.

Conclusions

This report presents the results of:

a literature review on the topic of characterising subgrade moisture conditions for
pavement design,

a field investigation aimed at determining seasonal changes in subgrade moisture
conditions, and

the resulting effects on subgrade performance.

Three test pavement sections around the Auckland Region were selected for the field
investigation. At each test section, three pairs of test locations (left wheel track and
pavement centreline) were subjected to water content, DCP, standpipe water level, and
in situ CBR tests. Atterberg Limit tests were also carried out to characterise the subgrade
soils which generally comprised clayey silts and silty clays. The tests were carried out
first in December 2000, and they were repeated on three further occasions (April 2001,
October 2001, and February 2002). In June 2002, subgrade samples were recovered from
each test section for laboratory soaked CBR tests.

Relationships between subgrade moisture content and test parameters

One conclusion of the field testing is that very few relationships were determined
between the various parameters that were measured. An exception was the
reasonable correlation between the ground-water level and the rainfall record for
the corresponding month for the Bristol Road test section. Standpipes installed at
the other two test sites did not record any ground water within 1.8 m of the
pavement surface. '

No relationships were apparent between either the subgrade water content tests
and the rainfall records, or the water content and DCP test results. In addition, the
transverse location of the tests (left wheel track or carriageway centreline)
appeared to have no influence on the test results. Typically, the soil water contents
were at or slightly above the Plastic Limit.

A reasonable relationship was found between the in situ CBR and the DCP-
inferred CBR results (averaged over the upper 100 mm of subgrade). This
provides some degree of validation for the DCP blow count to CBR relationship
presented in AUSTROADS (1992), at least for the subgrade conditions prevailing
at the test sections.

The soaked laboratory specimens characterised the in situ water content and CBR
parameters reasonably well for the Blockhouse Bay Road and Bristol Road test
sections. However the soaked specimens were somewhat conservative for both
water content and CBR at the Kohimarama Road test section. This result was
consistent with the expectations of the researchers given the topography and
ground conditions surrounding the Kohimarama Road site.
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. Clear conclusions regarding the most appropriate means of characterising
subgrade soil conditions for pavement design were difficult to derive, given the
lack of data correlations from the field investigation.

Irrespective of this, a simple procedure for routine design applications has been
proposed:

* to provide guidance regarding test specimen preparation according to:
- construction conditions, i.e. cut, fill or at-grade,

- green-field development, or

- rehabilitation of an existing pavement.

* To determine whether soaked or unsoaked subgrade conditions are appropriate
for test specimens used for characterising in-service subgrade soil conditions.

Procedure for Subgrade Characterisation

The procedure for characterisation of subgrade water content, using test specimens
prepared according to NZS 4402 Test 2.1, is based on an evaluation of the ground-water
level as follows:

+ If ground-water level is likely to rise into the upper one metre of the subgrade for any
significant period of time or repeatedly, then soaked test specimens are appropriate.

+ If the ground-water level is most likely to stay below the upper one metre of the
surface of the subgrade, then unsoaked test specimens are appropriate.

» If ground-water level is at uncertain or unknown depth, or the subgrade moisture
regime may be in doubt, or where an additional degree of reliability is deemed to be
appropriate, then soaked parameters should be used.

» For cut or at grade construction conditions,
- prepare specimens at natural water content. Carry out tests under soaked or
unsoaked conditions according to likely location of ground-water level.

+ In fill construction conditions,
- prepare specimens at construction specification moisture content. Carry out tests
under soaked or unsoaked conditions according to likely location of ground-water
level.

Recommendation

The procedure has been by no means exhaustively tested and the recommendation 1s that
additional research is carried out to examine the influence of the above factors in further
detail.
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NZ Standards

NZS 4402 Methods of testing soils for civil engineering purposes.

(in numerical order of the tests})

1986: Test 2.1 Soil classification test, Determination of the water content,
1986: Test 2.2 Soil classification test. Determination of the liquid limit.

1986: Test 5.1.4 Soil density tests. Determination of the density of soil: Immersion in
water method.

1988: Test 6.1.1 Soil strength tests. Determination of the California Bearing Ratio
(CBR): Standard laboratory method for remoulded specimens.

1986: Test 6.1.3 Soil strength tests. Determination of the California Bearing Ratio
(CBR): Standard laboratory method for in situ tests.

1988: Test 6.5.2 Determination of the penetration resistance of a soil: Hand method
using a dynamic cone penetrometer.

NZS 4407 Part 3 - Methods of testing road aggregates - Laboratory tests.
1991: Test 3.15 The Californian Bearing Ratio (CBR).
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Glossary

Aggregate

AASHTO,

previously AASHO

ARRB

Atterberg Limits Test

AUSTROADS

Basecourse

Benkelman Beam
Binder

Bitumen

CBR

Compaction -
NZS Standard

CMC
MCS

Density
Bulk Density

Dry Density
MDD

Design Moisture
Content (DMC)

Glossary

A general term for mineral particles such as crushed rock, slag,
gravel and sand.

Association of American State Highway & Transportation
Officials, previously Association of American State Highway
Officials.

Australian Road Research Board.
This test method describes the measurement of;

Liquid Limit, Plastic Limit, Shrinkage Limit - which define the
water contents of the soil at the upper and lower boundaries of the
plastic state respectively.

Shrinkage Limit - the water content of the soil below the Plastic
Limit when no further shrinkage will take place.

Plasticity Index - the numerical difference between Liguid and
Plastic Limits.

National Association of Road Transport & Traffic Authorities in
Australia.

The layer of material constituting the uppermost structural
element of a pavement, immediately beneath the wearing course.

The graded aggregate that can be used in such a layer.
Instrument for measuring deflections of a pavement under load.
A general term for a material used to hold aggregates in place.

A viscous liquid or solid obtained by processing the residue from
the distillation of suitable crude petroleum.

California Bearing Ratio, test for strength of soil (NZS 4402:
1986 Test 6.1.1; NZS 4407: 1991 Test 3.15).

Compaction of a soil sample in accordance with NZS 4402: 1986.

See Compaction moisture content.
Minimum compaction standard.

Mass per unit volume of a material.

Mass per unit volume of a material including solid particles,
water and voids contained in it.

Mass of dry material in unit voleme of a soil sample after
drying at 105°C.

Maximum dry density.

Moisture content used when designing the subgrade for a road.
See Moisture Content.
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Durability

Dynamic Cone
Penetrometer (DCP)
Elasticity

Elastic Moduli

Falling Weight
Deflectometer (FWD)

Field Moisture Content
(FMC)

Grade

Grading
Granular
Gravel
Sand
Silt
Clay

Liquid Limit (LL)
Modulus
Moisture Content (MC)

Design (DMC)
Field (FMCO)
Optimum (OMC)

NAASRA

Particle sizes (psd)

Pavement

The ability of a material to continue to provide the service for
which it is intended.

Instrument used for penetration tests of the soil in measuring in
situ soil.

The property of materials to return to their original shape and size
after they have been loaded and deflected. Property is lost if
material is loaded beyond its Elastic Limit.

(A property opposite to that of Plastic Deformation.)

One of the Elastic Constants, which also include Shear modulus,
Bulk modulus, Poisson’s ratio, Young’s modulus.

It is the ratio of stress (force per unit area) to strain (deformation
per unit length).

Instrument to measure deflections of a pavement under load,
using a falling weight.

See Moisture Content.

1. The longitudinal profile of a road.

2. To shape or smooth and earth, gravel or other surface by a
grader or similar implement.

3. To arrange aggregate or other material according to particle
sizes.

4. Designation given to size of sealing chips (1 to 6).

Particle size distribution (psd) of a material, e.g. aggregate.
material with psd >2mm
psd = 200mm-2mm
psd = 2-0.06mm
psd = 0.06-0.002mm
psd = <0.002mm

See Asterberg Limits Test.
See Elasticity.

Quantity of water that can be removed from a subgrade soil by
heating at 105°C. Expressed as % of the dry weight.

MC used to design subgrade for a road.
MC of subgrade as it occurs in the field.
MC of soil at which compaction will produce highest Dry Density.

National Association of Australian State Road Authorities,
now AUSTROADS.

See Grading.

The road structure that is constructed on the subgrade, and
supports the traffic loading.
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Glossary

Plasticity Index (PI)
Plastic Limit (PL)
Resilient Modulus

Road

Saturation (%)
Shoulder
Shrinkage Limit

Silt-size fraction

Soil

Structural Number (SN)

Sub-base

Subgrade

Surface Course
ucs
USC

Water Content

See Atterberg Limits Test.
See Atterberg Limits Test.

A dynamic characteristic of a pavement material defined as the
ratio of repeated stress to recoverable elastic strain. See Modulus.

An area formed for vehicular traffic to travel over.

Describes the area between kerbs or surface water channels, and
includes median strips, shoulders, parking areas, cycle lanes.

Water has filled all voids in a soil.
Edges of a road. See also Road.

Water content of a soil below the Plasric Limit when no further
shrinkage will take place.

See Grading.

Any naturally occurring material, of mineral and organic origin,
derived from, or forming part of, the weathering upper layers of
the earth’s crust. In this report, it constitutes the Subgrade.

A number used to describe the strength of a pavement, measured
directly by CBR or Modulus, or indirectly by FWD or Benkeiman
Beam.

A lower structural layer of the pavement, consisting of Aggregate,
rock or Soil.

The upper layer of the pavement foundation, i.e. top of a fill
(imported and compacted material) or bottom of cut (in-place
material, usually compacted).

The uppermost layer of a pavement.
Unconfined Compressive Strength test (NZS 3112:1986, Part 2).

Universal Soil Classification (CL, ML, OL, CH, MH, OH - fine-
grained soils: GW, GP, GM, GC, SW, SP, SM, 8C - coarse-
grained soils: abbreviations used in this classification),

The mass of water which can be removed from a soil by heating to
105°C, expressed as % of dry mass (NZS 4407:1991, Part 3.1).
See also Moisture Content.
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Testing Round One



GEOTECHNICS LTD.

23 MORGAN ST. NEWMARKET, AUCKLAND

TELEPHONE (08) 3556020 FAX (09) 3070265

Form No.:

Form Date:

Filebtiwibartie&ohi -

Test Method Used:

NZS 4402:1986 Test 2.1 Determination of Water Content
NZS 4402:1986 Test 2.2 Determination of Liquid Limit
NZS 4402:1986 Test 2.2 Determination of Plastic Limit
NZS 4402:1986 Test 2.2 Determination of Plasticity Index
NZS 4402:1986 Test 5.1.4 Immersion in Water Method

22@(&" N L1

Vg 3

o8 sz

TEST RESULTS SUMMARY

ROAD

. Kohimarama Road, Kohimarama

Test Pit No.

KO1

KO3

Depih

(m)

0.2

070 | 1.2

1.35.

03

0.6

Lo

G2 i8]

Water Content

(%)

1244

Bulk Density

pw st

| 53.4] 603|645

538

tegfs ol e

B

317

275[30.7

Dry Density

= -

i N

Solid Density

(assumed)

(me)|

Jeer|

Air Voids

(%)

Liquid Limit

{%)

Plastic Limit

{%)

Plasticity Index

ol

ROAD

/"1 Kohimarama

Road, Kohimaram

Test Pit No.

KO8

Depth

(m)

0.3

0.6

0.9,

12115

Water Content

(%)

44.8

a7 |47.3]526]

332

PEpy

46.3°

473 515

Bulk Density

(tVm?)

Dry Density

(VYm?)

Solid Density

{assumed)

(¥Ym?)

Air Voids

(%)

Liquid Limit

(%)

s

Plastic Limit

(%)

Plasticity Index

ROAD

Kohimarama

Test Pit No.

Road, :

Koz

Depth

{m)

108

0.9

A2 1.5

Water Content

(%)

331324

26|25

51.2

Bulk Density

| R D

4781409

Dry Density

{t/m?)

Solid Density

(assumed)

{/m?)

Air Voids

COMMENTS:

Entered by:

Date: QL-O\ -0\

Checked by:

Date:

Jan 2001




GEOTECHNICS LTD.

23 MORGAN §7. NEWMARKET, AUCKLAND

TELEPHONE (09} 3556020 FAX (09) 3070265

Form No.:

Form Date:

Jan 2001

?iIe:m:\ii\dbart_ley\i:)’iockhdu_éé: Ry

Test Method Used:

NZS 4402:1986 Test 2.1 Determination of Water Content
NZS 4402:1986 Test 2.2 Determination of Liquid Limit
NZS 4402:1986 Test 2.2 Determination of Plastic Limit

NZS 4402:1986 Test 2.2 Determination of Plasticity Index

NZS 4402:1986 Test 5.1.4 Immersion in Water Method

™o N GIRBRc
Tacp 3T oS<z

TEST RESULTS SUMMARY

ROAD

Test Pit No,

~Blockhouse Bay Road - © .-

Depth

(m)

0.3

05| 12

‘1.5 RPN

50,8

BB3

> 4.8

Water Content

(%)

-:3'3.':4. '

26

Bulk Density

(W

31:2. 341

45.5

a8

Dry Density

Solid Density

{assumed)

Air Voids

(%)

Liquid Limit

(%)

Plastic Limit

(%)

37 e

Plasticity Index

ROAD

. Blockhouse B

ayRoad ' 00

Test Pit No.

Depth

{m)

o103

0.6

0912

1.5

VWater Content

{%)

500

37

384 | 32.1

30.9

Bulk Density

{t/m?)

|70

Dry Density

{t/m?)

i

Solid Density
(assumed)

(tm?)

loes

Air Voids

(%)

Liquid Limit

(%)

s

Plastic Limit

(%)

Plasticity Index

RCAD

Test Pit No.

. Blockhouse BayRoad

BB4

BB P

Depth

(m)

To6

0.9

12

R

Water Content

(%)

5391

1514

56.4

536

554 |

Bulk Density

) i

Dry Density

(tm?) i R

Sclid Density
(assumed)

PN FES o

Air Voids

COMMENTS:

Entered by:

l“-’L&b

Date: D \- O\- o\

Checked by:

Date:




GEOTECHNICS LTD.

23 MORGAN 8T. NEWMARKET, AUCKLAND

TELEPHONE (09) 3556020 FAX (09) 3070265

Form No.:

Form Date: | Jan 2001

Fils:\MAiwAbartietbartiey

Test Method Used:

NZS 4402:1986 Test 2.1 Determination of Water Content

NZS 4402:1986 Test 2.2 Determination of Liquid Limit
NZS 4402:1986 Test 2.2 Determination of Plastic Limit
NZS 4402:1886 Test 2.2 Determination of Plasticity Index
NZS 4402:1986 Test 5.1.4 Immersion in Water Method

Repo e N G3R3c
(PQ%Q_JJoi 33:::&‘ 32._

ROAD

TEST RESULTS SUMMARY

Test Pit No.

T i

| Bristol Road, Whenuapai . -

Depth

(m)

| os

12 15

0.3

09

e

Water Content

(%)

%8

81.8.

Bulk Density

O S e

412

ar5| |

101,

soa|

Dry Density

(tm3) [

Solid Density

(assumed)

ey |f

Air Voids

(%)

Liquid Limit

(%)

Y

Plastic Limit

(%)

80

Plasticity Index

ROAD

Test Pit No.

" BR®

Depth

{m)

0.3

02,

03

045

060912 15

Water Content

{%)

94.8 | 108

30.1

Bulk Density

(¥m®)| 144

b

081

79.7

838|306 | 31.2

Dry Density

(tm?)

074

Solid Density

(assumed)

(t/m?)

285

Air Voids

(%)

SECTE

Liguid Limit

(%)

116

Sliea

Plastic Limit

(%)

82|

Plasticity Index

35 S ST

ROAD

' Bristol Road, Whenuapai =~

Test Pit No.

BR4

BR2

Depth

(m) {03

0.6

0.9 157

B

0.6

0.9 1.

1.5

Water Content

(%) | 79

99.5

1.2
86 |39.8.

Colstgl

37

1] B

7] |

Bulk Density

(trmay] o

Dry Density

tm3 E

Solid Density
(assumed)

(tm?)| .

Air Voids

COMMENTS:

Entered by:

PR

Date: YL-o\- D\

Checked by:

Date:




Appendix 1

Testing Round Two



GEOTECHNICS LTD.

23 MORGAN ST. NEWMARKET, AUCKLAND

TELEPHONE (09) 3556020 FAX (09} 3070265

Form No.:

Form Date:

Jan 2001

FileAiivAbaieyikohi

Test Method Used:

NZS 4402:1986 Test 2.1 Determination of Water Content

Our Ref: 613836/,
Client Ref: Sub-grade2
Date: 8 May 2001
Page3of 5§

TEST RESULTS SUMMARY

ROAD

Test Pit No.

Depth (m)

Water Content (%)

Bulk Density {t/m?)

Dry Density {t/m?)

AT

Air Voids (%)

Liquid Limit (%) oo e e R i R e R e
Plastic Limit (%)

Plasticity Index

ROAD

Test Pit No.

Depth {m)

Water Content (%) |

Bulk Density (tm3)|

Dry Density {t/m3)

(Sa:s'fmeDd‘?”S'ty )| L

Air Voids (%) |l s

Liquid Limit (%)

Plastic Limit (%}

Plasticity Index FEEHE -

ROAD ~_: Kohimarama'Road, Koh

Test Pit No. KO4 s

Depth (m) o |2 A | 1218
Water Content (%) {- :238'_3' f o/l 28:0.| 216
Bulk Density (trme)|: R & RN B
Dry Density (Um2) [ ol it [ n b s e el T T
SR

Air Voids St

COMMENTS:

Entered by: <, )

Date: 3 .5.0\

Checked by: ¥\

Date: 1 -S5O




GEOTECHNICS LTD.

23 MORGAN ST. NEWMARKET, AUCKLAND

Form No.:

TELEPHONE (08) 3556020 FAX (09) 3070265

Form Date: | Jan 2001

ifiiéi\M::ﬁ\;\}r\b‘_a:r(:lehbliickhouse .

Test Method Used:

NZS 4402:1986 Test 2.1 Determination of Water Content

Our ref: 613836/
Client Ref:Sub-grade
Date of Rep: 8 May 2001
Pagezgf <4

TEST RESULTS SUMMARY

ROAD _ Blockhouse BayRoad
Test Pit No. ol oo BB
oo = e LY L I R SIE
Water Content (%) |

Bulk Density (t/m?) |

Dry Density (Wm3)|:

o™

Air Voids (%)

Liquid Limit (%)

Plastic Limit {%)

Piasticity [ndex

ROAD

Test Pit No.

Depth {m)

Water Content (%)

Bulk Density (tm?)

Dry Density (t'm?)

S

Air Voids (%)

Liquid Limit (%)

Plastic Limit (%)

Plasticity Index

ROAD I

Test Pit No. BB

Depth (m) Tos [ T
Water Content  {%) ".:.‘:: 512 3|48l
Bulk Density (tm?) [ T

Dry Density (t/m3)

et o]

Air Voids

COMMENTS:

Entered by: i)

Date: F.5 . D Checked by: 42

Date: 3.5 01




GEOTECHNICS LTD.

23 MORGAN ST. NEWMARKET, AUCKLAND

TELEPHONE (09) 3556020 FAX (09) 3070265

Form No.:

Form Date; | Jan 2001

Fle:b\wibartiebartiey

Test Method Used

NZS 4402:1986 Test 2.1 Determination of Water Content

OurRef:613836[o\
Client Ref: Sub-grade2
Date:8 May 2001
Pageqlof 4

TEST RESULTS SUMMARY

RoAD istol Road, Whenuapal
TestPitNo. |G 7o 0 BRT oo R e pps _
Depth (m) N R
Water Content (%) | | 34.4
Bulk Density (Wm3)| '
Dry Density (t/m3)

™
Air Voids (%)

Liquid Limit (%)

Plastic Limit {%)

Plasticity Index

ROAD '
Test Pit No.

Depth (m) 1.5
Water Content (%) |4 31.8
Bulk Density (trm?) [

Dry Density tm3} |-
Alr Voids (%)

Liquid Limit (%)

Plastic Limit (%)

Plasticity Index

ROAD

Test Pit No. :
Depth (m) 12745
Water Content (%) | 8:5/31.5
Bulk Density {t/m3) o
Dry Density (t/m?)

s em]

Air Voids

COMMENTS:

Entered by: T Date: 3-S.01 Checked by (2 Date: 7- 5 - O\
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Testing Round Three



GEOTECHNICS LTD.
23 MORGAN ST. NEWMARKET, AUCKLAND
TELEPHONE (09) 3556020 FAX (08) 3070265

Form No.:

Form Date: | Jan 2001

Test Method Used: NZS 4402:1986 Test 2.1 Determination of Water Confent Our Ref: 613836/b
Client Ref: Sub-grade3
Date: 4 Oct 2001
Page 3of S

TEST RESULTS SUMMARY

ROAD Ko

Test Pit No.

Depth ()

Water Content (%)

Bulk Density (Vm®)

Dry Density {tm?)

Solid Density (Um::)

{assumed)

Air Voids (%)
Liquid Limit (%)
Plastic Limit (%)
Plasticity Index

ROAD

Test Pit No.

Depth {m)

Water Content (%)

Bulk Density (tm*)

Dry Density (t/m*)

Solid Density (Um?)

{assumed)

Air Voids (%)
Liquid Limit (%)
Plastic Limit (%)
Plasticity Index

ROAD

Test Pit No.

Depth {m}

Water Content (%)

Bulk Density {Um*y |

Dry Density {t/m*)

Solid Density (tm?)

(assumed)

Air Voids

COMMENTS:

Entered by: LD Date: fiofcd Checked by: gz

Date:g o.o|




GEOTECHNICS LTD.

23 MORGAN ST. NEWMARKET, AUCKLAND

TELEPHONE (08) 3556020 FAX (09) 3070265

Form No.:

Form Date: | Jan 2001

Test Method Used; NZS 4402:1986 Test 2.1 Determination of Water Content

Ourref; 613836/M
Client Ref:Sub-grade
Dale tested: 8 Oct 2001
Pageliof S

ROAD
Test Pit No.

Depth (m)
Water Content (%)
Bulk Density (m*} !
Dry Density (tm?) |
(Sagiljimlzznsny (Um?) |
Alr Voids (%)
Liquid Limit (%)
Plastic Limit (%)
Piasticily Index
ROAD
Test Pit No.
Depth {m)
Water Content (%)
Bulk Density {t/m?) |
Dry Density (t/m®)
(&:;S:Eimlzznsny (Ym®)
Alr Voids {%)
Liquid Limit {%)
Plastic Limit (%)
Plasticity [ndex
ROAD
Test Pit No.
Depth (m)
Water Content (%)
Bulk Density (Ym?)
Dry Density (t/m®)
igslhdml;)‘:nszty (vm®)
Air Voids
COMMENTS:

Entered by: T Date: @\ Checked by: Q. Date: jF- 158




GEOTECHNICS LTB.

23 MORGAN ST. NEWMARKET, AUCKLAND

TELEPHONE (09) 3556020 FAX (09) 3070265

Form No.:

Form Date: | Jan 2001

Test Method Used: NZS 4402:1986 Test 2.1 Determination of Water Content

OurRef: 613836/b
Client Ref: Sub-grade3
Date:25 Sep 2001
Pageysf Sl

TEST RESULTS SUMMARY

ROAD ristolR
Test Pit No.
Depth (m)
Water Content (%)
Bulk Density (t'm?)
Dry Density (t'm?)
i
Air Voids (%)
Liquid Lirnit (%)
Plastic Limit (%)
Plasticity Index
ROAD
Test Pit No.
Depth (m)
Water Content (%)
Bulk Density (m?*)
Dry Density (m?)
Solid Density (tm®)
{assumed)
Air Voids (%)
Liquid Limit (%)
Plastic Limit (%)
Plasticity Index
ROAD
Test Pit No.
Depth (m)
Water Content (%)
Bulk Density (t'm®}
Dry Density (Ym?}
Solid Density (/)
{assumed)
Air Voids
COMMENTS:

Entered by: T Date: 255 .G -y Checked by: p¢Z. Date: i - {0 O
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Testing Round Four



GEOTECHNICS LTD. Form No.:

23 MORGAN ST. NEWMARKET, AUCKLAND Form Date: | Jan 2001

TELEPHONE (09) 3556020 FAX (09) 3070265 File M wibariepiKohi

Test Method Used:

NZS 4402:1986 Test 2.1 Determination of Water Content Our Ref: 613836/c

Client Ref: Sub-graded
Date: i2 Feb 2002
Pagedof 59

TEST RESULTS SUMMARY

Ro [ — KoRimarama Road, Kohimarama
Test it No. e T — e ERIETE
Depth (m) 15
Water Content (%) 31.5
Bulk Density () |
Dry Density (t/m=)
Solid Density (Um?)
{assumed)
Alr Voids (%)
Liquid Limit (%}
Plastic Limit (%)
Plasticity Index
ROAD
Test Pit No. e > _
Depth (m) 0306 [0912]|15
Water Content (%) | 1¢ 12290 363 40.4] 414
Bulk Density U | S | R B
Dry Density ey P
(Sat:;ifmli)snsity (/) ‘
Air Voids (%)
Liquid Limit (%)
Plastic Limit (%)
Plasticity Index :
ROAD ohimarama =
Test Pit No. S0 Koz _
Depth (m) Rl 031 06| 098] 12] 15
Water Content (%) ;.24;_7'5‘ 26,6 f3"1?.'6_i '38.6|49.6°
Bulk Density ey | b RS
Dry Density (tm?) | & L
i‘:l’:‘m?gns“y | o
Air Voids
COMMENTS:

A Y
Entered by: TS Date: v {9 {0~ Checked by: A Date: 282 /4 /o 5.

T 7




GEOTECHNICS LTD.

23 MORGAN 8T. NEWMARKET, AUCKLAND

TELEPHONE (09) 3556020 FAX (09) 3070265

Form No.:

Form Date; | Jan 2001

F_ii'e::\'Mf\i\:J\b_a_r'l]ey\:b.iockhous'e.

Test Method Used:

NZS 4402:1986 Test 2.1 Determination of Water Content

Our ref. 613836/c
Client Ref:Sub-graded4
Date tested: 21/2/02

Pageuof 59
TEST RESULTS SUMMARY

R0 [ "~ BiockhouseBayRoad
Test Pit No. SoBBY L e e e TRyt _
Depth (m) 6 09f12]16
Water Content (%) ' 0.6 | 46.6
Bulk Density (mey] - '
Dry Density (U {0
oY wm |
Air Voids (%) |0
Liquid Limit (%) |
Plastic Limit (%)
Plasticity Index i
ROAD Blockhouse Bay Road .
Test Pit No. Sl U BB2
Depth (m) 6| 091215
Waler Content (%) 30,8324 {33.6
Bulk Density wme| TR S R ¢
Dry Density {t/m*)
R
Alr Voids (%)
Liquid Limit (%)
Plastic Limit (%}
Plasticity [ndex
ROAD
Test Pit No. . BB o
Depth (m) 0912115
Water Content (%) 306 | .2 | 554}
Bulk Density (2] RS T et
Dry Density W) | L
(Sa:li:ijJ:[a)nsity (W)
Air Voids
COMMENTS:

/ /2
Entered by: T Date: A4t { 2 (o> Checked by: /4 Date: 7§ /.Z /o 2




GEOTECHNICS LTD. Form No.:
23 MORGAN ST. NEWMARKET, AUCKLAND Form Date: | Jan 2001
TELEPHONE (09) 3556020 FAX (09) 3070265 FIW\:w\banley\wsut:s N

Test Mefhod Used: NZS 4402:1986 Test 2.1 Defermination of Water Content QurRef: 813836/c
Client Ref: Sub-graded
Date:12 Feb 2002
Pagegiof 9

TEST RESULTS SUMMARY
ROAD oo eme o Bristol Road, Whenuapai - oo
Depth {m) l oo
Water Content (%) ;
Bulk Density ey [
Dry Density wme) |

Solid Density (¥ i

{assumed)

Air Voids (%)
Liquid Limit (%)
Plastic Limit (%)
Plasticity index
ROAD

Test Pit No.

Depth {m)
Water Content (%) 613
Bulk Density (Urey |

Dry Density (e[ fie o
Solid Density (e i | |
{assumed) RRNH) EEN ] B IS .

Air Voids (%)
Liquid Limit {%)
Plastic Limnit {%)
Plasticity Index
ROAD

Test Pit No. S R
Depth (m) |CBR| 030609 |12]|15] cer| 03 o8 [os[12] 15
Water Content (%) |69.3 |54 985|100 | 725]645( |7 |751|844]ca7]esn|3086]27.00
Bulk Density (U |t 28 RERNI ORI ENRCIrTE: e T — N .

Dry Density ey [

Vhenuapai:. - 70

Solid Density () T

(assumed)

Air Voids

COMMENTS:

ri
Entered by: oD Date: v2 (> [  Checkedby:  _JF Date: 22/2 /o




Appendix 1

Test Pit Logs from First Round of Testing



GEOTECHNICS LTD.

19 MORGAN ST. NEWMARKET, AUCKLAND,

TELEPHONE: (09)3556020 FAX: (09)3070265

Form No.:

Form Date:

Nov 1998

Filg: M: \ IWABartley ConsultKohiiTP §.wb3

Page 4 of T2
Job Name: CER Investigations Job No.: 613836 Client Ref.:  Bartley RTU
Client: Bartley Consultants Contractor: Geotechnics
Test Method Used: NZS 4402 : 1988 Test6.5.2 Dynamic Cone Penetrometer
PAVEMENT INVESTIGATION LOG TEST REPORT
Project: CBR Investigations Sampled By: w
Location: Kohimarama Road Date Sampled: 30/11/2000
Lane: Left hand wheel-track Sampling Method:  Test pit excavation
Pit Location.: Opposite house No154 Sample Condition:  Disturbed
Pavement Fit No.: KO1 Date Received: 30/11/2000
[?gqu; Pavement Description
Estimated Field CBR (%)
0-100 Asphalt, hotmix, several different layers, surface in
good condition
Siity GRAVEL, fine to medium, GAP40, dense, slightly
100 - 200 p
moist
200 - 400 Silty GRAVEL, fine to medium, GAPBE5, dense, slightly
moist, crushed scoria matrix
400 Top of sub-grade level
0-200 |Silty CLAY, stiff to very stiff, medium to high plasticity,
slightly moist, dark greenish grey MO L R
:E:-Ho”—:-—-:——% ————— : I I
200 - 800 | Silty CLAY, very stiff, slightly moist, medium to high o R Ty — FSpL R
plasticity, light grey with orange mottles 60 i m o s b b e
e R S e
800 - 1500 | CLAY, very stiff, high plasticity, slightly moist, light L e i T
grey 1.90v--—l--——l—-—-¢_-4.__r_._‘.f..mq AAAAAAAA -
L L A
20 4 - oo
1500 End of auger 290 1 - e e a b e e e e
1 4 { i 1 i
B e e e i e R
240 1 — Sl P Lol b L -
1 3 H H 1 1
2H0 - o ol e e m e 4 e e e i — e e e =
e
P {1 I VU TS S S | PO T S S S
-1 JE R O
200 bl
3.00 NN I B S R St S -
cOo 1.0 20 30 40 50 60 7.0 80 90 100
Number of blows per 50mm
Basecourse sample recovered at: N/A {mm) Density By Nuclear Densometer
Sub-base sample recovered at: N/A {mmj} Basecourse Subgrade
Subgrade sample recovered at; 5 depths {mm} jWet Density {(t/m3): N/A N/A
Depth from ground surface to: 400 {mmy} |Dry Density {t/m3): N/A N/A
commencement of penetration: Water Content {%}: N/A N/A
COMMENTS:
The estimated CBR values are based on Figure 5.2 Correlation of Dynamic Cone Penetration and CBR,
AUSTROADS {1282} "Pavement Design - A guide to the Structural Design of Road Pavements®
IANZ Accreditation does not apply [
Tested By: PN Date Tested 3oy (D Checked By: AL Date: 92.[81/a}




GEOTECHNICS LTD

19 MORGAN ST. NEWMARKET, AUCKLAND.

TELEPHONE (09) 3556020 FAX (09) 3070265

fForm No.: S15b

Form Date: Qct 1998

MwiBarlley consulli<ohACBR1

Page G of S

Road.: Kohimarama Road
Site: Test pit KO1 Job Name: BartleyRTU Job No.:
Location; Opposite No 154 Lane.: Left hand wheel-track Depth:

Test Method Used: NZS 4402 1986 Test 6.1.3 California Bearing Ratio - In-situ method
NZS 4402 1986 Test 2.1 Determination of the Water Content

613836
-400 (mm}

CALIFORNIA BEARING RATIO TEST- IN-SITU METHQD

o
w

Proving Ring No. : RG300 Water content: 28.0 (%)
Proving Ring constant : 0.0778 (kN/div) Dial gauge No.: R0O253
PENETRATION FORCE

{mm} (div) {kN} CBR GRAPH
0.00 0.00 0.00 0.8 ;
0.50 1.50 0.12 :
1.00 2.50 0.19 07 - _é
1.50 3.50 0.27
2.00 4.50 0.35 056 - R e e
2.50 5.25 0.41
3.00 6.25 0.49 20'5' R
4.00 7.25 0.56 X :
5.00 8.00 0.62 §°A‘ ““é
7.50 10.00 0.78 A t

0.2 -

L O i Gt Vv S
H H I ] I
1 : I 1 :
i H t |
0 i i F—— ot :
0 1 2 3 4 5 6 7 8
PENETRATION (mm)
CBR RESULTS:
2.5 mm Linear Regression is needed (Y/N) ? N
CORRECTED {div) & Initial Peneratlion Reading (mm}: 0.00
FORCE F {kiN} 0.41
C8R (%) {= F*100/13.2} 3.1 Surcharge (Kg): II‘
5.0 mm
CORRECTED (div) 8 Base weight diameter {mm): 150
FORCE F (kN} 0.62
CBR {%) (= F*100/20) 3.1 Rate of penetration by plunger {(mm/min): 111
FINAL CBR VALUE: 3
COMMENT: MATERIAL DESCRIPTION:

Test performed at 400mm below top of pavement layer

As per pit log

/

/
Tested by: w Date: 3olu (oo Checked by: AR Date: 2%/ /e
1 T 'I

1




GEOTECHNICS LTD.

19 MORGAN ST. NEWMARKET, AUCKLAND.

TELEPHONE: (09)3556020 FAX: (09)3070265

Form No.:

Form Date: Nov 1998

File: M: A IWaBartley Consutti¢chilTP2, wb3

Job Name:

Client:
Test Method

CBR Investigations Job No.: 613836

Bartley Gonsulfants Contractor: Geotechnics
Used: NZS 4402 ;1988 Test6.5.2 Dynamic Cone Penetrometer

Page & of <L

Client Ref.:  Bartley RTU

PAVEMENT INVESTIGATION LOG TEST REPORT

Project: CEBER Investigations Sampled By: W
Location: Kohimarama Road Date Sampled: 30112000
Lane: Left hand wheel-track Sampling Method:  Test pit excavation
Pit Location.: Opposite house No148 Sample Condition:  Disturbed
Pavement Pit No.: KOG3 Date Received: 30M1/2000
?;prm Pavement Description
Estimated Field CBR (%)
0-100 Asphalt, hotmix, several different layers, surface in
QOOd condition 35 8 13 18 23 .o B ) 39 45 50
0,00 wmr——————— :
Silty GRAVEL, fine t di GAP40 hed i e
. ilty , fine to medium, . crushed scorig, 20 |
100 - 180 dense, slightly moist szg_ |
-0.40 3
180 - 470 | Silty GRAVEL, fine to medium, GAP65, dense to very -0.50 1
dense, slightly moist -0.60
-0.70
-0.80
470 Top of sub-grade level 0,90
-1.00
=1,10 -
. Silty sandy CLAY, very stiff, medium to high plasficity, '
0 - 200 slightly moist, dark brown and grey :zz ]
E 1401
200 - 350 Silty CLAY, very stiff, slightly moist, medium to high o -1.50 .
plasticity, grey with light brown mottles “%_1_50 ]
0 470
. Slightly silty CLAY, very stiff, medium plasticity, ~1.80 -
350 - 1500 slightly moist, light grey -1.90
-2,00
-2.10
1500 End of auger 290
-2.30
-240 1 3 1 3 i 1 ¥
L e i Ll Tl S T (R S
L S SIS U S
27040 L b4 Lo Lo | SR
b { i | i 1
280 L e e
L TRk T PP SR SO B P
-3.00 it [ 1
00 10 20 30 40 50 60 70 80 90C 100
Number of blows per 50mm
Basecourse sample recovered at: N/A {mmj Density By Nuclear Densometer
Sub-base sample recovered at: N/A {mm} Basecourse Subgrade
Subgrade sample recovered at: 5 depths {mm} [Wet Density {t/m3}: N/A N/A
Depth frem ground surface to: 500 {mm} [Dry Density {t/m3): N/A N/A
commencement of penetration: Water Content {%): N/A N/A

COMMENTS:
The estimated CBR values are based on Figure 5.2 Correlation of Dynamic Cone Penetration and CBR,
AUSTROADS {1992} "Pavement Design - A guide to the Structural Design of Road Pavements”

IANZ Accreditation does not apply

Tested By:

= Date Tested o)y (oo

Checked By: P}

[z
Date: 2%nt/e 1
7




GEOTECHNICS LTD

19 MORGAN ST. NEWMARKET, AUCKLAND.

TELEPHONE (09) 3556020 FAX {09) 3070265

Form No.:

S15b

Form Date:

Oct 1998

MlivABarlley consull\lohiNCBR2

Road.:
Site:
Location:

Test Method Used:

Kohimarama Road
Testpit KO3 BartleyRTU

Opposite No 148 Lane.: Left hand wheel-track
NZS 4402 1986 Test 6.1.3 California Bearing Ratio - In-situ method

NZS 4402 1986 Test 2.1 Determination of the Water Content

Job Name:

Job No.:
Depth;

Page T of L

613836

-470 {mm)

CALIFORNIA BEARING RATIO TEST- IN-SITU METHOD

Proving Ring No. : RO300 Water content: 24.4 (%)
Proving Ring constant ; 0.0778 {kiN/div) Dial gauge No.: RO253
PENETRATION FORCE
0.00 0.00 0.00 3
0.50 6.00 0.47
1.00 12.00 0.93
5 .
1.50 17.00 1.32
2.00 23.00 1.79
2.50 29.00 2.26 4
3.00 36.00 2.80 =
4.00 45.00 3.50 =
w5 |
5.00 55.00 4.28 o
7.50 70.00 5.45 2
2
. | : !
1 | t 1 t H
1 1 3 t H |
1 i r 1 £ ;
1 1 i ] 1} !
: 1 I i ' :
0 : f 3 f f !
] 1 2 3 4 5 6 7 8§
PENETRATION {mm)
CBR RESULTS:
2.5 mm Linear Regression is needed (Y/N) ? N
CORRECTED {div) 29 Initial Peneration Reading {mm): 0.00
FORCE F [kN) 2.26
CBR {%) (= F*100/13.2) 17.1 Surcharge (Kg): E
5.0 mm
CORRECTED {div) 55 Base weight diameier (mmj: 150
FORCE F {kN} 4.28
CBR {%]} {= F*100/20} 21.4 Rale of penetration by plunger (mm/min): 111
FINAL CBR VALUE: f 20

COMMENT: MATERIAL DESCRIPTION:
Test performed at 470mm below top of pavement layer As per pit log
P/
Tested by: W Date: ofw [eo Checked by: A& Date; Zz,lo:!a{
1 1Y f




GEOTECHNICS LTD.

19 MORGAN ST. NEWMARKET, AUCKLAND.

TELEPHONE: (09)3556020 FAX: (09)3070265

Form No.:

Form Date: Nov 1998

File: M:\ IW\Bartley ConstilchiTR3.wh3

Job Name: CBR Investigations
Client: Bartley Consultants

Job No.:

Page B of Sw

613836 Client Ref.: Bartley RTU

Contractor; Geotechnics
Test Method Used: NZS 4402 : 1988 Test6.5.2 Dynamic Cone Penetrometer

PAVEMENT INVESTIGATION LOG TEST REPORT

Project: CBR Investigations Sampled By: w
Location: Kehimarama Road Date Sampled: 19/12/2000
Lane: left hand wheel-track Sampling Method:  Test pit excavation
Pit Location.: Opposite house Not142 Sample Condition:  Disturbed
Pavement Pit No.: KOS5 Date Received: 19/12/2000

D(;p;]f; Pavement Description

Estimated Field CBR (%)
0-40 Asphalt, hotmix, surface in good condition 35 8 13 8 23 28 83 39 45 =50

40 - 100 Silty GRAVEL, GAP40. dense. bitumen impregnated

100 - 160 Silty GRAVEL, GAP20, crushed scoria, slightly moist,

light brown

160 - 300 Silty GRAVEL, fine to medium, GAP&5, dense, slight]y

moist

300 Top of sub-grade level

0 -900 Silty CLAY, stiff, slightly moist, medium to high

plasticity, grey with light brown mottles

900 - 1500 |Slightly silty CLAY, stiff to very stiff, medium plasticity,
slightly moist, grey mottled orange and brown

1500 End of auger

—m e o o =

] i [
%-160——-—-i———l——-l--mL-«»,L.v.v..‘“..,.f.._.;__L._-
D I 1 1 1 1 § '

L R e e S il i
B T T I . G S
i [ 1 [ i [
1P R S [ O Ny N U

3 1 1 | | t 1
2'00-—_1_—'1"_'1__7'__'___5_"_[_"'“'“'“’\‘““‘
P71 AL U U S SR S S SUR S T H

i 1 1 1 1 B 3 i 1
B B L I !

| 1 1 | | ¢ + :
2-39‘“|“‘|"‘1~“r"r“;"'x"?“I‘““
240 d Wt oV b e b L
! | 1 | [ 1 ; : ) 1
250 do o e o= e e e o f s b o b

1 1 1 1 1 ¥ 3 1
2'60"__l___!"""|“‘|“—'|— """" [ S A
G £+ 3 MU DU S Y S T T L S :

1 ] 3 ] 1 E r 1 i
280 4w e e g m e e e o e :
N I A S . }
. I e T T R R S R
-3.08 ! : : ] ! ' | i

I B L i b b
00 10 20 30 40 50 60 70 B0 9C 100
Number of blows per 50mm

Basecourse sample recovered at:
Sub-base sample recovered at:
Subgrade sample recovered at:
Depth from ground surface to:
commencement of penetration:

N/A

N/A

5 depths

300

{mm)}
(mm)
{mm)
{mm)

Density By Nuclear Densometer
Basecourse Subgrade
Wet Density {t/m3}: N/A N/A
Dry Density {t/m3): N/A N/A
Water Content {%): N/A N/A,

COMMENTS:

The estimated CBR values are based on Figure 5.2 Correlation of Dynamic Cone Penetration and CBR,
AUSTROADS [1992) "Pavement Design - A guide to the Structural Design of Road Pavements”

IANZ Accreditation does not apply

Tested By: Tuo Date Tested X {12 ]

p
Checked By: AB Date: 21{/5 ;/0(
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GEOTECHNICS LTD
19 MORGAN ST. NEWMARKET, AUCKLAND.
TELEPHONE (09) 3556020 FAX (09) 3070265

Form No.: S15b

Form Date: Oct 1988

Mliw\Barlley consult\Kohi\CBR3

Jab Name: BartleyRTU

Road.: Kohimarama Road
Site: Testpit KOS5
Location: Opposite No 142

Test Method Used:

Lane.: Left hand wheel-track
NZS 4402 1986 Test 6.1.3 California Bearing Ratio - In-situ methad

NZS 4402 1986 Test 2.1 Determination of the Water Content

Job No.:
Depth:

Page IDf S
613836

-300 {mm)

CALIFORNIA BEARING RATIO TEST- IN-SITU METHOD

Proving Ring No. : RO300 Water content: 19.8 (%)
Proving Ring constant 0.0778 {kN/div) Dial gauge No.: RO253
PENETRATION FORCE
{mm}) {div} {kN) CBR GRAPH
0.00 0.00 0.00 2
0.50 3.00 0.23
1.00 5.00 0.39
1.50 7.00 0.54
2.00 9.00 0.70 [ St By
2.50 11.00 0.86
3.00 13.00 1.01 =
4.00 16.00 1.24 :T
5.00 19.00 1.48 o T
7.50 23.00 1.79 8
0.5 -
o f : : ‘
° PENETRA‘iI‘ION (msm) ° ’ ’
CBR RESULTS:
2.5 mm Linear Regression is needed (Y/N) ? N
CORRECTED (div) 11 Initial Peneration Reading {mm): 0.00
FORCE F {kN} 0.86
CBR (%) {= F*100/13.2) 6.5 Surcharge {(Kg): IIl
5.0 mm
CORRECTED (div) 19 Base weight diameter (mmj): 150
FORCE F (kN} 1.48
CBR (%)} {= F*100/20) 7.4 Rate of penetration by plunger (mm/min): 171
FINAL CBR VALUE: l 7 |
COMMENT: MATERIAL DESCRIPTION:
Test performed at 300mm below top of pavement layer As per pit log
[ f
Tested by: W Date: ‘R‘{w_f o Checked by: /—\QS Date: ZZ(Qlla(




GEOTECHNICS LTD.

19 MORGAN ST. NEWMARKET, AUCKLAND.

TELEPHONE: (09)3556020 FAX: (09)3070265

Form No.:

Form Date: Nov 1998

File: M: \ EABartley ConsultiohiTP4.wh3

Page ‘| of SL

Job Name: CER Investigations Job No.: 613836 Client Ref.:  Bartley RTU
Client: Bartley Consuitants Contractor; Geotechnics
Test Method Used: NZS 4402 : 1988 Test6.5.2 Dynamic Cone Penetrometer
PAVEMENT INVESTIGATION LOG TEST REPORT
Project: CBR Investigations Sampled By: W
Location: Kohimarama Road Date Sampled: 01/12/2000
Lane: Centre- line of the road Sampling Method:  Test pit excavation
Pit Location.: Adjacent to test pit No 3 Sample Condition:  Disturbed
Pavement Pit No.: KOS Date Received: 011212000
[:()ﬁ,]prg; Pavement Description
Estimated Field CBR (%)
0-110 Asphalt, hotmix, se:g:%lii?gﬁrs, surface in good 25 8 13t m 2 3 39 45 s
0.00 & ! ! { ] ] i 3 |
‘# T 4 [ 4 L T T
DA0 b - o e L o bl b d__1__L..
110 - 160 Silty GRAVEL, fine to medium, GAP40, dense, slightly 020 & -y
moist i 1 I ' I | )
0.30 [ R I Ea E e R S TR B e
D R IR
160 - 200 Silty sandy GRAVEL, sands to fine, GAP20, dense, 050 1 - —ic - -y D
slightly moist, brown 060 £ - -i- - . med oL
00 B e = R IR
Silty GRAVEL, fine to medium, GAP65, dense, slightly e e e Al T A
200 - 400 : e I
moist 080 4 = == == =g - -7 - i i el el
G o1+ O S RN SR SN N S R T S L -
{ 3 ! 1 { 3 1 1
A L R EI R T
400 Top of sub-grade level 20 4 -l oo e R
P B s T I b e e mle — p— - - L - -
1 1 1 3 1 ! '
R R R T T E T T e
0-150 Sandy silty CLAY, stiff, low plasticity, slightly moist, PRt Y3 P I S NN AU SR R R T
dark grey and brown *%_1_60 N
TR R S A
150 - 350 | Silty CLAY, medium to high plasticity, stiff, slightly B R e R L
moist, light grey and brown 180 4 = ~ho m e e o b D o mdmm g -
250 - 1500 | Slightly silty CLAY, stiff to very stiff, medium plasticity, e R R R Tt Sl ety
slightly moist, grey mottled orange and brown Sl PO il il e
e e R B A it Rl T S
0 R A
1500 End of auger -1 R U P SO
280 Lo
Ty {1 S SRR [N UV NV H N O VOO R B
1 3 i 3 1 1 3 1 1
A0 4 = - s i m e e e e e — — e
i S S IR H T
3.00 e S o R B
00 40 20 30 40 50 60 70 80 S0 100
Number of blows per 50mm
Basecourse sample recovered at: N/A {mm) Density By Nuclear Densometer
Sub-base sample recovered at: N/A {mmy} Basecourse Subgrade
Subgrade sample recovered at: 5 depths {mm] |Wet Density {t/m3): N/A N/A
Depth from ground surface to: 400 {mm]} |Dry Density (t/m3): N/A N/A
commencement of penetration: Water Content (%) N/A N/A
COMMENTS:
The estimated CBR values are based on Figure 5.2 Correlation of Dynamic Cone Penetration and CBR,
AUSTROADS {1882} "Pavement Design - A guide to the Structural Design of Road Pavements"
IANZ Accreditation does not apply ;|

Tested By:

Al

Checked By: A}

Date: 2% [o1ley

Date Tested o /12 foo




GEOTECHNICS LTD Page [>_of S
19 Morgan St. Newmarket, Auckland
Telephone (09)3556020 Fax (09)3070265 Job No: 613836
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GEOTECHNICS LLTD Form No.: $15b
19 MORGAN ST. NEWMARKET, AUCKLAND. Form Date: Oct 1998
TELEPHONE {09) 3556020 FAX (09) 3070265 M:3wiBartley consullKohCBRA

Road.: Kohimarama Road Page 1 of 91

Site: Test pit KO8 Job Name: BartleyRTU Job No.: 513836

L.ocation: Opposite No 142 Lane.: Centre of road Depth: -400 {mm)

Test Method Used:

NZS 4402 1986 Test 6.1.3 California Bearing Ratio - In-situ methad

NZS 4402 1986 Test 2.1 Determination of the Water Content

CALIFORNIA BEARING RATIO TEST- IN-SITU METHOD

Proving Ring No. : RO300 Water content: 26.4 (%)
Proving Ring constant : 0.0778 (kiN/div) Dial gauge No.: RO253
PENETRATION FORCE
{mm) {div) {kNj) CBR GRAPH
0.00 0.00 0.00 5
0.50 6.00 0.47
1.00 12.75 0.89
1.50 19.50 1.52 4.
2.00 24.00 1.87
2.50 28.00 2.18
3.00 31.00 2.41 =3
4.00 38.00 2.96 f
5.00 43.00 3.35 2
7.50 57.00 4.43 8 2 | !
1
|
1o / - , , :
I ; i : i
o i : i I f
0 S —— 1
’ ! ? PENETRA‘EI'[ON (m5m) ’ ’
CBR RESULTS:
2.5 mm Linear Regression is needed (Y/N} ? N
CORRECTED {div} 28 Initial Peneration Reading (mm): 0.00
FORCE F {kN} 2.18
CBR (%) {= F*100/13.2) 16.5 Surcharge (Kg) II]
5.0 mm
CORRECTED {div) 43 Base weight diameter (mm): 150
FORCE F {kN} 3.35
CBR (9%} {= F*100/20) 16.7 Rate of penelration by piunger {mm/min}: 11
FINAL CBR VALUE: [_17—

COMMENT; MATERIAL DESCRIPTION:
Test performed at 400mm below top of pavement layer As per pit log
L {
Tested by: W Date: o(/iz oo Checked by: Al Date: 2L ]p1 /e
1 7 [4




GEOTECHNICS LTD.

19 MORGAN ST. NEWMARKET, AUCKLAND.

TELEPHONE: (09)3556020 FAX: (09)3070265

Form No.:

Form Date: MNov 1988

File: M: \ twABarlley ConsultlohiTESwh3

Pagel(f of Ry

Job Name: CBR Investigations Job No.; 613836 Client Ref.:  Bartley RTU
Client: Bartley Consultants Contractor: Geotechnics
Test Method Used: NZS 4402 : 1988 Test6.52 Dynamic Cone Penetrometer
PAVEMENT INVESTIGATION LOG TEST REPORT
Project: CBR Investigations Sampled By: w
Location: Kohimarama Road Date Sampled: 01/M12/2000
Lane: Centre- line of the road Sampling Method:  Test pit excavation
Pit Location.: Adjacent to fest pit No 2 Sample Condition:  Disturbed
Pavement Pit No.: KO4 Date Received: 01/12/2000
Eir?*\pr;? Pavement Description
Estimated Field CBR (%)
0-110 Asphalt, hotmix, se:g;:;[g{?gﬁrs, surface in good 25 0 1o 2 2 3 w45 s
0.00 : A e e
Silty GRAVEL, fine to medium, GAP40, dense, slight! )50 B I R A
) ilty ; fine to medium, , dense, slightly S0 - P S R S
110 - 250 moist, crushed scoria, reddish brown iig L _"_-';‘_ ~ E o I _ _:: L :,_ _ 1 L
D% I S S A A
250 - 500 | Silty GRAVEL, fine to medium, GAPE5, dense, slightly 050 4~ i o f e <t e
moist R R B R A A
070 1 . - _ ] . ) I S S T S B
080 { - - - - S S N U
500 Top of sub-grade level PO R S I
_1.00.___:mu4m.,4__ __.J’__j__i..._
1 i 1 i
0 - 250 Sandy silty CLAY, stiff, low plasticity, slightly moist, :;g [ e
dark grey and brown ‘ T TR i
—130 L e e e L
S RN I SR AN N
R Siity CLAY, medium to high plasticity, stiff, slightly ASO Lo AL f_ L R R,
250 - 450 moist, light grey and brown ‘c‘a_mn_ L S
e f oo ST =
=R A O S N
. Slightly silty CLAY, stiff to very stiff, medium plasticity, ABY el L
450 - 1500 slightly moist, grey mottled orange and brown Y% A A S S A S S
3 I S S S R
.2_10_.._IM%.J*W.!__!___F___[_-J___:..__'.-..
1500 End of auger 920 b o b
.U TR TN UL VS U VIS VU UG N Y S
250 L < i — e kb e
D
270 L - o - o0l b oL Lol
CJ 3 O O A
200 4o o h
e T S o e o
00 10 20 30 40 50 60 70 80 90 100

Number of blows per 50mm

Sub-base sample recovered at:
Subgrade sample recovered at:
Depth from ground surface to:

Basecourse sample recovered at: N/A {mm)
N/A {mm)
5 depths {mm)
500 {mm)
commencement of penetration:

Density By Nuclear Densometer
Basecourse Subgrade
Wet Density {t/m3}): N/A N/A
Dry Density (t/m3}: N/A NIA
Water Content (%): N/A N/A

COMMENTS:
The estimated CBR values are based on Figure 5.2 Correlation of Dynamic Cone Penetration and CBR,
AUSTROADS {1982} "Pavement Design - A guide to the Structural Design of Road Pavements"”

IANZ Accreditation does not apply

Tested By:

D

Checked By: Al

Date Tested = /12 o
T ]

, |
Date: L‘Z-_fg!/cvf
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GEOTECHNICS L.TD

19 MORGAN ST. NEWMARKET, AUCKLAND.,

TELEPHONE (09) 3556020 FAX (09) 3070265

Form No.:

S15b

Form Date:

Oct 1998

M:iw\Bariley consull\KehCBRS

Road.:
Site:

Location:
Test Method Used:

Kohirmarama Road

Test pit

KO4

Opposite No 148
NZS 4402 1986 Test 6.1.3 California Bearing Ratio - In-situ method

NZS 4402 1986 Test 2.1 Determination of the Water Content

Job Name:

Lane.:

BartleyRTU

Centre of road

Pagdb of S
Job No.: 613836
Depth: -500

(mm}

CALIFORNIA BEARING RATIO TEST- IN-SITU METHOD

Proving Ring No. : RO300 Water content: 22.8 {%)
Proving Ring constant : 0.0778 {kN/div) Dial gauge No.: R0O253
PENETRATION FORCE
{mm) {div) {kN) CBR GRAPH
0.00 0.00 0.00 1.5
0.50 3.80 0.27
1.0C 5.50 0.43
1.25 |
1.50 6.75 0.53
2.00 8.00 0.62
2.50 9.00 0.70 14
3.00 10.00 0.78 =
4.00 12.00 0.93 =
5.00 14.00 1.09 § 878
7.50 17.25 1.34 E
0.5 4
0.25 : :
‘ ; :
0 : ; : :
° 1 : PENETRATION (msrn) ° ’
CBR RESULTS:
2.5 mm Linear Regression is needed (Y/N) ? N
CORRECTED (div) 9 Initial Peneration Reading {mm): 0.00
FORCE F (kN} 0.70
CBR (%) {= F*100/13.2} 5.3 Surcharge (Kg): zl
5.0 mm
CORRECTED {div) 14 Base weight diameter (mm): 150
FORCE F (kN} 1.09
CBR {%!) {= F*100/20] 5.4 Rate of penetration by plunger {mm/min): 111
FINAL CBR VALUE: [%
COMMENT: MATERIAL DESCRIPTION:
Test performed at 500mm below top of pavement layer As per pit log
{ i
Tested by: W Date: Dl{tL!cO Checked by: -}\R Date: Z&Ja\/oi




GEOQTECHNICS LTD. Form No.;

19 MORGAN ST. NEWMARKET, AUCKLAND. Form Date: Nov 1698
TELEPHONE: (09)3556020 FAX: (09)3070265 File: M: \ IWABarlley ConsultohATPE.wh3
Page {{ of 92~
Job Name: CBR Investigations Job No.: 613836 Client Ref.:  Bartley RTU
Client: Bartley Consultants Contractor: Geotechnics

Test Method Used: NZS 4402 : 1988 Test6.5.2 Dynamic Cone Penetrometer

PAVEMENT INVESTIGATION LOG TEST REPORT

Project: CBR Investigations Sampled By: w
Location: Kohimarama Road Date Sampled: 01/12/2000
Lane: Centre- line of the road Sampling Method:  Test pit excavation
Pit Location.: Adjacent to test pit No 1 Sampie Condition;  Disturbed
Pavement Pit No.: KO2 Date Received; 01/12/2000
{??npnii; Pavement Description
Estimated Field CBR (%)
0 -100 Asphalt, hotmix, se:g:‘::j[i{?grt‘ars, surface in good 25 a8 13 o1 ;2 B 3 45 s
0.00 St oo
Silty GRAVEL, fine to medium, GAP20, d light! IS B — B
. ity , fine fo medium, , dense, slightly 020 L. S
100 - 200 moist, crushed scoria, reddish brown g:z | _;'_ ~ } _____ G
R — R S R
Silty GRAVEL, fine to medium, GAF65, dense, slightly -1/ SN oot VO S
200 -480 .
moist .o_so.___:______i___:.__;___‘n.wm: mmmmmmmm
-0.70.-__:__4ﬁ _____ bt T
080+ - - -~ e
480 Top of sub-grade level _090____§___=___ __;___f:“ahm.”“. _____
* | b I ] i 1 ¢
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0 - 400 Sandy sity CLAY, stiff, low plasticity, slightly moist, 1'29' Yoot ST
dark grey and brown '1'30 [ =
SRS B RS B —— S
400 - 700 Silty CLAY, medium to high plasticity, stiff, slightly Pty B U S SR R IS TN [ :
moist, light grey and brown ?,--1.50 I A S S
T
700 - 1500 |Slightly silty CLAY, stiff to very stiff, medium plasticity, L e T e
slightly moist, grey mottled orange and brown A0 b o el e e 4 b e e e e
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531 S Py [ N O VO VGO S !
1500 End of auger B0 e |
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I e e Ll I e R e e e
I -+ 0 DO S S N L L
= 1 1 1 ] ] ]
200 e —f———
00 10 20 3.0 40 50 60 F0O BOD 90 100
Number of blows per S0mm
Basecourse sample recovered at: N/A {mm) Density By Nuclear Densometer
Sub-base sample recovered at: N/A {mm} Basecourse Subgrade
Subgrade sample recovered at: 5 depths {mm) |Wet Density (t/m3}: N/A N/A
Depth from ground surface to: 500 {mm) |Dry Density (t/m3}: N/A N/A
commencement of penetration: Water Content (%}: N/A N/A

COMMENTS:
The estimated CBR values are based on Figure 5.2 Correlation of Dynamic Cone Penetration and CBR,
AUSTROADS {1992} "Pavement Design - A guide 1o the Structural Design of Road Pavements"

IANZ Accreditation does not apply ; [

Tested By: oS Date Tested & {12 { oo Checked By: Al Date: 22{ & t/of
T 1 *
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GEOTECHNICS LTD

19 MORGAN ST. NEWMARKET, AUCKLAND.

TELEPHONE (09) 3556020 FAX (09) 3070265

Form No.:

S15b

Form Date:

Oct 1998

MAiwBarlley consullKohi\CBRG

Road.:
Site:

Location:
Test Method Used:;

Kohimarama Road

Test pit

KOz

Opposite No 154
NZS 4402 1986 Test 6.1.3 California Bearing Ratio - In-gitu method

NZS 4402 1986 Test 2.1 Determination of the Water Content

Job Name:

Lane.:

BartleyRTU

Centre of road

Job No.:
Depth:

Page flof S
613835
«480

(mm)

CALIFORNIA BEARING RATIO TEST- IN-SITU METHOD

Proving Ring No. : RO300 Water content: 21.8 (%)
Proving Ring constant : 0.0778 {kN/div) Dial gauge No.: RO253
PENETRATION FORCE
{rm) {div} {kN) CBR GRAPH
0.00 0.00 0.00 2 ; :
0.50 2.75 0.21 X |
1.00 4.75 0.37 175 4 - SR :
1.50 6.50 0.51 : E
2.00 8.50 0.66 o e R
t t
2.50 i0.25 0.80 “ j
3.00 12.25 0.95 51'25 T i
4.00 16.00 1.24 = = =
i - !
5.00 18.25 1.42 2 , ,
7.50 23.50 1.83 2 : :
075 4 - - oo -
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0.5+ - - - - v
i : i
025 + - - /- _: """" : T T : T
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i H | i 1 I
1 ' 1 i 1 I
0 L f — } f
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PENETRATION {mm)
CBR RESULTS:
2.5 mm Linear Regression is needed (Y/N) ? N
CORRECTED (div) 10 Initial Peneration Reading (mm): 0.00
FORCE F (kN) 0.80
CBR (%) {= F*100/13.2) 6.0 Surcharge (Kg) III
5.0 mm
CORRECTED {div) 18 Base weight diameter (mm): 150
FORCE F (kN} 1.42
CER {9%]) (= F*100/20} 7.1 Rate of penetration by plunger (mm/min): 171

FINAL CBR VALUE:

| 7 ‘

COMMENT: MATERIAL DESCRIPTION:
Test performed at 460mm below top of pavement layer As per pit log

. (
Tested by: W Date: Ol/(?_./oo Checked by: A% Date: 2% |e(jet




GEOTECHNICS LTD.

19 MORGAN ST. NEWMARKET, AUCKLAND.

TELEPHONE: {09)3556020 FAX: (09)3070265

Form No.:

Form Date: Nov 1998

M: L IWABarfey Consult\Blockhouse\TP1,w

Page 20 of S
Job Name: CBR Investigations Job Ne.; 613836 Client Ref.:  Bartley RTU
Client: Bartley Consultants Contractor: Geotechnics
Test Method Used: NZS 4402 : 1988 Test8.5.2 Dynamic Cone Penetrometer
PAVEMENT INVESTIGATION LOG TEST REPORT
Project; CBR Investigations Sampled By: w
Location: Blockhouse Bay Road Date Sampled: 18/M12/2000
Lane: Left hand wheel-track Sampling Method:  Test pit excavation
Pit Location.: Opposite house No163 Sample Condition:  Disturbed
Pavement Pit No.: BB1 Date Received: 18/12/2000
D(fnanS Pavermnent Description
Estimated Field CBR {%)
0-80 Asphalt, chipseal, grade 3-4, several layers 35 B 13 8 23 28 33 3 45 50
0.00 | ] ! ; ] : i
1 i 1 T T i T 1
ilty GRAVEL, fine t GAP100, | ria 960 e I R S R AR R
. Silty , fine to coarse, ,largescoria | ., _} _ ' _ A
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.o“mu_wlvw,I I__Jl__-:.___;_.__'___’__!.wu
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3 ] 1 3 t i k
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. i, . - L L e R e A e i Rt S S
. Slightly clayey SILT, stiff, [ow to medium plasticity, |
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E 140 s
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B T
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3.00 N R S e B e e S
00 10 20 306 40 50 B0 7D 80 90 100
Number of blows per 50mm
Basecourse sample recovered at: N/A {mm) Density By Nuclear Densometer
Sub-base sample recovered at: N/A {mm) Basecourse Subgrade
Subgrade sample recovered at: 5 depths {mm) [Wet Density {t/m3}: N/A N/A
Depth from ground surface to: 450 {mm) |Dry Density (t/m3}: N/A N/A
commencement of penetration: Water Content {%!): N/A N/A

COMMENTS:

The estimated CBR values are based on Figure 5.2 Correlation of Dynamic Cone Penetration and CBR,
AUSTROADS {1992) "Pavement Design - A guide to the Structural Design of Road Pavements”

IANZ Accreditation does not apply

Tested By:

T

Date Tested (®fy _Joo

Checked By: AV

] f
Date: 2-?_.!0 ({/6 (
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GEOTECHNICS LTD Form No.: §15b

19 MORGAN ST. NEWMARKET, AUCKLAND, Form Date: Qct 1998
TELEPHONE {09) 3556020 FAX {09) 3070265 M:iwiBariley consulBlockhotse\CBR1
Road.: Blockhouse Bay Road Pagellaf 9L
Site: Test pit BBt Job Name: BartleyRTU Job No.: 613836
Location: Opposite House No163 Lane.: Left hand wheel-track Depth: -450 {mm)

Test Method Used: NZS 4402 1986 Test 6.1.3 California Bearing Ratio - In-situ method
NZS 4402 1986 Test 2.1 Determination of the Watler Content

CALIFORNIA BEARING RATIO TEST- IN-SITU METHOD

Proving Ring No. : RO300 Water content: 35.1 (%)
Proving Ring constant : 0.0778 (kN/div) Dial gauge No.: RO253
PENETRATION FORCE
{mm) {dv) L CBR GRAPH
0.00 0.00 0.00 0.5 ‘ : ‘ : : : : |
0.50 1.50 0.12 : : : ; § } { ;
1.00 2.25 0.18 1 I : i i : [ |
1.50 2.75 0.21 o.4dnw,: _____ _____ f__-__iu_,“f ‘‘‘‘‘ 3“__ ]
2.00 3.00 0.23 I ? !
2.60 3.25 0.25
3.00 3.50 0.27 03 m s E___“Z“AH N |
4.00 4.00 0.31 :T :
5.00 4.50 0.35 o ;
7.50 5.50 0.43 ezl 1 72 R S U U A R
|
|
|
|
|

Ot b e f e

[ S
[ S
o
LT S
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] ¢ : 4 + t
’ 1 PéNETRA‘}TION {mm)
CBR RESULTS:
2.5 mm Linear Regression is needed (Y/N) ? N
CORRECTED {div) 3 initial Peneration Reading (mmy): 0.00
FORCE F {kN} 0.25
CBR {%]} {= F*100/13.2} 1.9 Surcharge {(Kg): l:l
5.0 mm
CORRECTED {div) 5 Base weight diameter (mm): 160
FORCE F {kN} 0.35
CBR {9%]} {= F*100/20) 1.8 Rate of penetration by plunger {mm/min): 1M
FINAL CBR VALUE: ﬁ
COMMENT: MATERIAL DESCRIPTION:
Test performed at 450mm below top of pavement layer As per pit log

{ £
Tested by: W Date: |R/172 Jec Checked by: AR Date: 32 /acj@ ¢
[ * f 1




GEOTECHNICS LTD.

18 MORGAN ST. NEWMARKET, AUCKLAND.,

TELEPHONE: (09)3556020 FAX: (09)3070265

Form No.:

Form Date:

Nov 1998

M: \ FWiBartley Consult\Blockhouse\TP2.w

Page ¢3 of S

Job Name: CBR Investigations Job No.: 613836 Client Ref.:  Bartley RTU
Client: Bartley Consultants Contractor: Geotechnics
Test Method Used: NZS 4402 : 1988 Test6.5.2 Dynamic Cone Penetrometer
PAVEMENT INVESTIGATION LOG TEST REPORT
Project: ¥ CBR Investigations Sampled By: w
Location: Blockhouse Bay Road Date Sampled: 18/12/2000
Lane: Left hand wheel-track Sampling Method:  Test pit excavation
Pit Location.: Qutside house No180 Sample Condition:  Disturbed
Pavement Pit No.: BB3 Date Received: 18/M12/2000
D(ﬁ'xpr;twr)] Pavement Description
Estimated Field CBR (%)
0-70 Asphalt, chipseal, grade 3-4, several layers 6 23 28 33 39 45 g0
|
d G | JE R N S (R U S
- Silty GRAVEL, fine to medium, GAP40, dense, slightly R Lt
70 -250 moist, well graded fm_.*_'__i__j,___g__th
bl
250.450 | Silty GRAVEL, fine to coarse, GAP100, large scoria . pege B R S S S
aggregate with a silt matrix, very dense, slightly moist 060 - - — | R N A
P Ty 0 SN RPN U S ISR (RS N SN SO S
450 Top of sub-grade level R DI S St R
op ol sith-grade leve .9_90___:___‘=;__:MM,,:,___:___:__.:__:___
400 b e = o = O T U I S Lo
1 I i i 1 1 i
0.250 | Clayey SILT, medium plasticity, firm to stiff, slightly S B E CUrTmToTmas e
moist, grey with brown mottles 1'0'"":“::"7" “f“"':""--:--f—”
’E\-;zoumulm“twmﬂt__lt .‘-t—_— !_'["“f‘"
ot =1 2l i S S a2t M il el
250 - 1500 Slightly clayey SILT, low to medium plasticity, firm, oK J NP N gy A R
. . . = —-— 3 1 1 ¥ £
slightly moist to moist, brown, grey and pink B 60 & — ot [ A S S
R
480 3 -~ S o Ao oLt L oL
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300 g e
00 10 20 30 40 50 60 70 80 80 100
Number of blows per 50mm
Basecourse sample recovered at: N/A {mm) Density By Nuclear Densometer
Sub-base sample recovered at: N/A {mm) Basecourse Subgrade
Subgrade sample recovered at: 5 depths {mm) |Wet Density {t/m3): N/A N/A
Depth from ground surface to: 450 {mm) {Dry Density {t/m3}): N/A N/A
commencement of penetration: Water Content (%): N/A N/A

COMMENTS:

The estimated CBR values are based on Figure 5.2 Correlation of Dynamic Cone Penetration and CER,
AUSTROADS (1982} "Pavement Design - A guide to the Structural Design of Road Pavements”

IANZ Accreditation does not apply

I

I

Tested By: D

AL

Checked By:

Date: 2%{piloT

Date Tested \R/12. /o>

1




GEOTECHNICS LTD
19 MORGAN ST. NEWMARKET, AUCKLAND.
TELEPHONE (09) 3556020 FAX (09) 3070265

Form No.: S15h

Form Date:

Oct 1998

MAiwABarlley consul\Blockhouse\CBR2

Road.: Blockhouse Bay Road Pagélfjof T2
Site: Testpit BB3 Job Name: BartleyRTU Job No.: 613836
Location: Outside House No180 Lane.: Left hand wheel-track Depth: -450 (mm)

Test Method Used:
NZS 4402 1986 Test 2.1 Determination of the Water Content

NZS 4402 1986 Test 6.1.3 California Bearing Ratio - In-situ method

CALIFORNIA BEARING RATIO TEST- IN-SITU METHOD

Proving Ring No. : RO300 Water content: 514 (%)
Proving Ring constant ; 0.0778 (kN/div) Dial gauge No.: RO253
PENETRATION FORCE
{mm} (div) (kN} CBR GRAPH
.00 0.00 0.00 0.5
0.50 1.00 0.08
1.00 1.75 0.14
1.80 2.25 0.18 0.4
2.00 2.75 0.21
2.50 3.25 0.25
3.00 3.60 0.28 Eo,s |
4.00 4.10 0.32 =
5.00 4.60 0.36 §
7.50 5.75 0.45 E 0.2 |
0. 4
o ' ; ; 1; E t : ‘ ¢ :
o 1 2 3 4 5 6 7 8
PENETRATION {mm)
CBR RESULTS:
2.5 mm Linear Regression is needed (Y/N) ? N
CORRECTED {div) 3 Initial Peneration Reading (mm): 0.00
FORCE F {kiN} 0.25
CBR (%) {= F*100/13.2} 1.9 Surcharge (Kg): ‘II
5.0 mm
CORRECTED {div} 5 Base weight diameter (mm): 150
FORCE F (kN) 0.36
CBR (%]} = F*100/20) 1.8 Rate of penefration by plunger (mm/min): 1M
FINAL CBR VALUE: |-_2——

COMMENT: MATERIAL DESCRIPTION:
Test performed at 450mm below top of pavement layer As per pit log
] {
Tested by: iw Date: By Jo Checked by: AR, Date: 27 ]oy ]
1 ¥




GEOTECHNICS LTD. Form No.:
19 MORGAN ST. NEWMARKET, AUCKLAND, Form Date: Nov 1998
TELEPHONE: {09)3556020 FAX: {09)3070265 M: \ IWABartley ConsullBlockhouse\TP3 w
Page 2% of 92
Job Name: CBR investigations Job No.: 613838 Client Ref.:  Bartley RTU
Client: Bartley Consultants Coniractor: Geotechnics
Test Method Used: NZS 4402 : 1988 Test8.5.2 Dynamic Cone Penetrometer
PAVEMENT INVESTIGATION LOG TEST REPORT
Project; CER Investigations Sampled By: W
Location: Blockhouse Bay Road Date Sampled: 18/12/2000
Lane: Left hand wheel-track Sampling Method:  Test pit excavation
Pit Location.: Opposite house No175 Sample Condition:  Disturbed
Pavement Pit No.: Bes Date Received: 18/12/2000
?ﬁ,ﬁﬂ; Pavement Description
Estimated Field CBR (%)
0-70 Asphalt, chipseal, grade 3-4, several layers
70 - 200 Silty GRAVEL, fine to medium, GAP40, dense to very
dense, slightly moist, well graded
200 - 400 Silty GRAVEL, fine to coarse, GAP100, large scoria
aggregate with a silt matrix, very dense, slightly moist
400 Top of sub-grade level
0 - 200 Clayey SILT, medium to high plasticity, firm, slightly
moist, grey
200 - 1500 | Slightly clayey SILT, low to medium plasticity, firm,
slightly moist to moist, brown, grey and pink
1500 End of auger
1
1
. "
" ! i T I
300 o1
00 10 20 30 40 50 60 7.0 80 90 100
Number of blows per 50mm

Basecourse sample recovered at: N/A {mm) Density By Nuclear Densometer
Sub-base sample recovered at: N/A {mm} Basecourse Subgrade
Subgrade sample recovered at: 5 depths {mmj |Wet Density {t/m3}: N/A N/A
Depth from ground surface to: 400 {mm} |Dry Density (t/m3): N/A N/A
commencement of penetration: Water Content (%}: N/A N/A
COMMENTS:

The estimated CBR values are based on Figure 5.2 Correlation of Dynamic Cone Penetration and CBR,

AUSTROADS (1992} "Pavement Design - A guide to the Structural Design of Road Pavements”

IANZ Accreditation does not apply i /
Tested By: T Date Tested \%!ILIIGO Checked By: # K Date: 22.!67!/,0(
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GEOTECHNICS LTD
19 MORGAN ST, NEWMARKET, AUCKLAND.
TELEPHONE (09) 3556020 FAX (09) 3070265

Form No.:

S15b

Form Date:

Oct 1988

M:iwiBartley consult\Blockhouse\CBR3

Road.: Blockhouse Bay Road Page2 bof 32
Site: Testpit BB5 Job Name: BartleyRTU Job No.: 613836
Location: Opposite House No175 Lane.: Left hand wheel-track Depth: -400 {mm)
Test Method Used: NZS 4402 1986 Test 6.1.3 California Bearing Ratio - In-situ method
NZE 4402 1986 Test 2.1 Determination of the Water Caontent
CALIFORNIA BEARING RATIO TEST- IN-SITU METHOD
Proving Ring No. : RC300 Water content: 58.9 {%)
Proving Ring constant : 0.0778 {kN/div) Dial gauge No.: RO253
PENETRATION FORCE
{mm} (div) {kN} CBR GRAPH
0.00 Q.00 0.00 0.5 , i ' : . | !
0.50 0.75 0.06 ; : ! : , ! :
1.00 1.30 0.10 i : | ! E : :
1.50 1.90 0.15 0.4"______5 _____ E _____ E“W”jl_____i_ ___E___“;: _____
2.00 2.40 0.19 i i : l ; f i
2.50 2.75 0.21 f : ; | i j
3.00 3.25 0.25 S03 4 - - T MMMMM } _____ }-- _%___w: uuuuu _____ _____
4.00 4.25 0.33 -3 ! ! ; : - ; :
5.00 5.00 0.39 S i ! i : : f :
7.50 6.25 0.49 Eo.z-_-___-i ..... E_ MWS_____;-__-.; _____ SR
: Z : : : : :
¥ D R
014 --oo S N R e e e
: ; 1 l { : :
S R
A S S S S S —
0 1 2 3 4 5 8
PENETRATION (mm)
CBR RESULTS:
2.5 mm Linear Regression is needed (Y/N) ? N
CORRECTED {div} 3 Initial Peneration Reading (mm): 0.00
FORCE F {kN) 0.21
CBR (%} = F*100/13.2) 1.6 Surcharge (Kg): III
5.0 mm
CORRECTED {div} 5 Base weight diameter (mm): 150
FORCE F {kN) 0.39
CBR {%) {= F*100/20 1.9 Rate of penetration by plunger (mm/min): N
FINAL CBR VALUE: 2
COMMENT: MATERIAL BESCRIPTION:
Test performed at 450mm below top of pavement layer As per pit log
- / !
Tested by: W Date: 15!11»(()0 Checked by: lq3 Date: ZL!@ f,lo 1




GEOTECHNICS LTD, Form No.:
19 MORGAN ST. NEWMARKET, AUCKLAND. Form Date: Nov 1998
TELEPHONE: {49)3556020 FAX: (09)3070265 M: \iVABartiey ConsultBlockhouseTP4 w
Page 12 of S
Job Name: CBR Investigations Job No.: 613836 Client Ref.:  Bartley RTU
Client: Bartley Consultants Contractor: Geotechnics
Test Method Used: NZS 4402 : 1988 Test6.5.2 Dynamic Cone Penetrometer
PAVEMENT INVESTIGATION LOG TEST REPORT
Prcject: CBR Investigations Sampled By: W
Location: Blockhouse Bay Road Date Sampled: 14/12/2000
Lane: Centre of the road Sampling Method:  Test pit excavation
Pit Location.: Adjacent to pit Not Sample Condition:  Disturbed
Pavement Pit No.: BB2 Date Received: 1411212000
D(ﬁf%f; Pavement Description
Estimated Field CBR (%)
0-80 Asphalt, chipseal, grade 3-4, several layers 35 8 13 18 23 28 33 3 45 50
0.00 & | ) ! | } I i 1 i
| 1 T i t 1 f 4 T T
: . : dense ¢ 150 et I A I R
Silty GRAVEL, fine to medium, GAP40, dense to very PP [ S S PR
80 - 200 dense, bitumen impregnated, slightly moist gig | 1___}__?:_ MEMLWEW __.__t__ ~
S IR I S S T S
200 - 450 | very silty GRAVEL, GAP100, fine to very coarse, very Y-S R S S R S
dense, dry, large scoria aggregate with a silt matrix f
450 Top of sub-grade
0-250 Silty CLAY, medium to high plasticity, firm, slightly
moist, greenish grey
950 - 750 Clayey SILT, medium plasticity, firm to stiff, slightly
moist, light grey and light brown —_a
] 1
) i
750 - 1500 | Slightly clayey SILT, low to medium plasticity, stiff to ABOp ol L
N very stiff, slightly moist, light grey mottled light brown A0 b o i e e e e e A A
- 200 oo h be-
240 - - oL L
1500 End of auger B0 h e e e e e e b
n Dy
. T S e e E .
] 3 £ 1 3 ] ] 1
A e ettt T e e T e
ol TR S NN U EE R
— 53 { T SR Ot S S D S S S
¥ 3 1 ] 1 L
'2-50“‘——:*—-E——-{—-f—“:—'——l—“-ﬂkmwé HHHHH
L2 [ SR R S AN R
- B e e A I S s B e
00 10 20 30 40 50 60 70 80 90 100
Number of blows per 50mm
Basecourse sample recovered at: N/A {mm) Density By Nuclear Densometer
Sub-base sample recovered at: N/A {mm) Basecourse Subgrade
Subgrade sample recovered at: 5 depths {mm} |Wet Density (t/m3): N/A N/A
Denth from ground surface to: 450 {mm} [Dry Density {t/m3}: N/A N/A
commencement of penetration: Water Content (%]): N/A N/A

CONMMENTS:
The estimated CBR values are based on Figure 5.2 Correlation of Dynamic Cone Penetration and CBR,
AUSTROADS {1992) "Pavement Design - A guide to the Structural Design of Road Pavements"

TANZ Accreditation does not apply

Tested By:

T

Date Tested (4{17 )
L9

Checked By:

AR 22(0:;{:‘9(

Date:




GEOTECHNICS LLTD
18 MORGAN ST. NEWMARKET, AUCKLAND,
TELEPHONE (09) 3556020 FAX (09) 3070265

Form No.: S156b

Form Date: Cct 1998

M:\iwABarliey consull\Blockhouse\CBR4

Road.: Blockhouse Bay Road Pag@&yof T2~
Site: Testpit BB2 Job Name: BartleyRTU Job No.: 513836
Location: Adjacent to pit Not Lane.: Centre of the road Depth: -450 (mm)
Test Method Used: NZS 4402 1986 Test 6.1.3 California Bearing Ratio - In-situ method
NZS 4402 1986 Test 2.1 Determination of the Water Content
CALIFORNIA BEARING RATIO TEST- IN-SITU METHOD
Proving Ring No. : RO300 Water content: 27.7 (%)
Proving Ring constant ; 0.0778 (kN/div) Dial gauge No.: RO253
PENETRATION FORCE
0.00 0.00 0.00 LR y .
0.50 1.00 0.08 : ! j § : '
1.00 2.00 0.16 : ; : i ? |
1 E H | I I
1.50 2.75 0.21 Y R R PR o AR
2,00 3.25 0.25 ! I i ; ! I
2.50 3.60 0.28 | : : | ' :
3.00 4.00 0.31 03—~ - . e A R e o]
1 t 1 b 3 |
4.00 4.50 0.35 % ! ! ' . : ‘
w 1 1 1 1 | |
5.00 5.00 0.39 2 : , : i 1 j
i 1 3 1 i ]
7.50 6.25 0.49 Roafoooa i O S S S Lo
i ] t 1 3
S
3 b | 3 i
3 3 1 t i
04 o f e b R PR B o
E E 1 E t ' H
t t 1 t i .
E b 1 i i i
3 E { 3
F 3 1 b v !
3 3 1 3 3
0 L S
0 1 2 3 4 5 6 7 8
PENETRATION {mm}
CBR RESULTS:
2.5 mm Linear Regression is needed (Y/N} ? N
CORRECTED {div} 4 Initial Peneration Reading {(mm): 0.00
FORCE F {kN) 0.28
CBR (%) {= F*100/13.2) 2.1 Surcharge (Kg): II]
5.0 mm
CORRECTED {div) 5 Base weight diameter (mm); 150
FORCE F (kN) 0.39
CBR {%]) {= F*100/20} 1.9 Rate of penetration by plunger (mm/min): n
FINAL CBR VALUE: 2
COMMENT; MATERIAL DESCRIPTION:
Test performed at 450mm below top of pavement layer As per pit log
f ]
Tested by: w Date: W {i2.lo0o Checked by: A& Date: 22/l 4
* L) L ‘] T v




GEOTECHNICS LTD.

Form No.:

19 MORGAN §T. NEWMARKET, AUCKLAND. Form Date: Nov 1998

TELEPHONE: (09)3556020 FAX: (09)3070265

M VIWiBarlley Consuit\Blockhouse\TP5S.w

Page 3o of 57
Job Name:

CBR Investigations Job No.. 613836 ClientRef.:  Bartley RTU
Client: Bartley Consultants Contractor: Geotechnics
Test Method Used: NZS 4402 : 1988 Test6.5.2 Dynamic Cone Penetrometer
PAVEMENT INVESTIGATION LOG TEST REPORT
Project: CBR Investigations Sampled By: w
Location: Blockhouse Bay Road Date Sampled: 14/12/2000
Lane: Centre of the road Sampling Method:  Test pit excavation
Pit Location.: Adjacent to pit No2 Sample Condition:  Disturbed
Pavement Pit No.: BB4 Date Received: 14/12/2000
?fnpnar; Pavement Description
Estimated Field CBR (%)
0-90 Asphalt, chipseal, grade 3-4, several layers
3.00
.10 ]
90 - 200 Silty GRAVEL, fine to medium, GAP40, dense to very 020 |
dense, bitumen impregnated, slightly moist _0'30
0.40
200 - 400 Silty Gravel, fine to medium, GAPE5, very dense, 0.50 4
slightly moist -0.60
070
-0.80 4
400 Top of sub-grade level 050 |
400 |
0-1s0 | Silty CLAY, medium to high plasticity, firm, slightly :;‘;
moist, greenish grey '1'30 ]
\.E-"1.40 P
150 - 450 Clayey SILT, medium plasticity, firm to stiff, slightly 450
moist, light grey and light brown § 160 ]
O 470
450 - 1500 | Slightly clayey SILT, low to medium plasticity, stiff to -1.89 4
very stiff, slightly meist, light grey mottled light brown .80 4
-2.00 ]
240
1500 End of auger -2.20 ]
230 1
240 |
-2.50 1
260 4
2,70
-2.80 1
290
-3.00
0 10 20 30 40 50 60 7.0 60 90 100
Number of blows per 50mm
Basecourse sample recovered at: N/A {mm) Density By Nuclear Densometer
Sub-base sample recovered at: N/A (mm) Basecourse Subgrade
Subgrade sample recovered at: 5 depths (mm) |Wet Density (t/m3}): N/A N/A
Depth from ground surface to: 400 {mm) |Dry Density {t/m3): N/A N/A
commencement of penetration: Water Content {%}): N/A N/A

COMMENTS:
The estimated CBR values are based on Figure 5.2 Correlation of Dynamic Cone Penetration and CBR,
AUSTROADS (1992} "Pavement Design - A guide 10 the Structural Design of Road Pavements”

"ANZ Accreditation does not apply
Tasted By: .

Date Tested

|
Wi oo Checked By: AR Date: Z,L/pp!of
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GEOTECHNICS LTD

19 MORGAN ST. NEWMARKET, AUCKLAND.

TELEPHONE (09) 3556020 FAX (09) 3070265

Form No.:

S$16b

Form Date:

Oct 1998

MMwiBartiey consult\Blockhouse\CBRS

Road.: Blockhouse Bay Road Pagehe.of S2-
Site: Testpit BB4 Job Name: BartleyRTU Job No.: 6138386
Location: Adjacent o pit No2 Lane.: Centre of the road Depth: -400 {mm)
Test Method Used: NZS 4402 1986 Test 6.1.3 California Bearing Ratio - In-situ method
NZS 4402 1986 Test 2,1 Determination of the Water Content
CALIFORNIA BEARING RATIO TEST- IN-SITU METHOD
Proving Ring No. : RO300 Water content: 344 {%)
Proving Ring constant : 0.0778 (kN/div) Dial gauge No.: RO253
PENETRATION FORCE
(mm) {div} {kN} CBR GRAPH
0.00 0.00 0.00 1.25 ‘
3 3 1 i 1 t
0.50 2.50 0.19 : i : : : ] :
1.00 4.00 0.31 i l I l ; : I
1 | i 1 L i
1.50 5.00 0.39 L R . i N
2.00 6.00 0.47 I 1 | ! T i l 5
! [ 1 1 : ] 1 H
2.50 6.75 0.53 ; ; ; ; j ! ! '
3.00 7.75 0.60 SOT5 L - M oo S ¥ o oo
t I 3 1 1 H
4.00 9.75 0.76 < : ' ‘ ' - ' ;
m i I i 1 i 1 3
5.00 11.25 0.88 O ; : g E : : L
{ I i H i 3
7.50 14,25 1.711 E o,5UAA$Wm: _____ :_ ___:_-_-_%_____: _____ [ ;_ _____
i 1 L H |
i 1 1 I | ] ]
H i ] 1 1 i { ;
" : ! 1 ; : :
025 4 _ _ P o lﬁw.,.ﬁl _____ L o ’....A.ME
| ; | roo | |
I P 1 1 : t 3 :
t t t 1 : t i i
3 3 I i H E 1
t P t 1 ' ' 1 H
t ¢ i i . P 1 :
0 ot B B S R i f
0 1 2 3 4 5 & 7 8
PENETRATION {mm)
CBR RESULTS:
2.5 mm Linear Regression is needed (Y/N} ? N
CORRECTED {div} 7 Initial Peneration Reading (mm): 0.00
FORCE F {kN]} 0.53
CBR {%]} {= F*100/13.2) 4.0 Surcharge {Kg): III
5.0 mm
CORRECTED {div} 11 Base weight diameter {mmj: 150
FORCE F (kN) (.88
CBR (%]} = F*100/20) 4.4 Rate of penetration by plunger (mm/min): i
FINAL CBR VALUE: ! 4.5
COMMENT: MATERIAL DESCRIPTION:
Test performed at 400mm below top of pavement layer As per pit log
[ 1
Tested by: % Date: F—!—/I?JOD Checked by: AR Date: 22/0(/0/
M 1




GEOTECHNICS LTD.

Form No.:

19 MORGAN ST. NEWMARKET, AUCKLAND. Form Date: Nov 1998

TELEPHONE: {09)3556020 FAX: {09)3070265

M: \IWiBarlley Const{(\Blockhouse\TPS.w

Page 23 of S2.

Job Name: CBR Investigations Job No.: 613836 Client Ref.:  Bartley RTU
Client: Bartley Consuitants Contractor: Geotechnics
Test Method Used: NZS 4402 : 1988 Test6.5.2 Dynamic Cone Penetrometer
PAVEMENT INVESTIGATION LOG TEST REPORT
Project: CBR Investigations Sampled By: w
Location: Blockhouse Bay Road Date Sampled: 14/12/2000
Lane: Centre of the road Sampling Method:  Test pit excavation
Pit Location.: Adjacent to pit No3 Sample Condition;  Disturbed
Pavement Pit No.: BBe6 Date Received:; 14/12/2000
[z;prﬂ-}' Pavement Description
Estimated Field CBR (%)
0-70 Asphalt, chipseal, grade 3-4, several layers 35 B 13 18 23 28 33 39 45 5p
000 pummgoedmnb L s
1 i 1§ ¥ T T T i
0.10 4 LRV R Y SN SV PN N S-S
Silty GRAVEL, fine to medium, GAP40, densefovery | .., _ 1 __ L
70 - 200 dense, slightly moist g:g _______ P j o I o :: ~ _j_ e I
ot I I S A A
200 - 450 Silty Gravel, fine to coarse, GAP100, very dense, 0.50 4 - - SRR S S D S
slightly moist, large scoria aggregate with a silt matrix 060 4 - - - - | T
070 L — 1 __:._“mLule,______.__:_.‘_g
0804~ wiw e f e e e e ]
450 Top of sub-grade {evel 080 Lot A
DY I = S
1 1 3 i b 1
. , . . Lt il il st R :
. Clayey SILT, firm, medium to high plasticity, slightly X ] X X ‘ X :
0-250 moist, grey SR R =eee S e E
T i« T O U U Ul UG :
AT S . T '
250 - 1500 Slightly clayey SILT, low to medium plasticity, stiff to A0k ol r _!'_"_".1 _________
very stiff, slightly moist, light grey mottied light brown ‘%_1.60 T R S
< O N A S A S
1 t 3 i I 3
1500 End of auger £ et Attt e i Sl i
SO0 b e e A e e b b e e e e
E S A
240 L~ b iDL
i § L I E ]
B O i T R Sy S Ty
L e i Bt T e Ty PO
i [ SN N O Y UV R AN e U
1 E t 3 ] ! ' ’
A i R R i i Lttt TP P
B0 oo
90 10 20 30 40 S50 60 7.0 80 G0 100
Number of blows per 50mm
Basecourse sample recovered at: N/A {mm) Density By Nuclear Densometer
Sub-base sample recovered at: N/A {mm) Basecourse Subgrade
Subgrade sample recovered at: 5 depths (mm) [Wet Density {t/m3): N/A N/A
Depth from ground surface to: 450 (mm) |Dry Density (t/m3}): N/A N/A
commencement of penetration: Water Content (%): N/A N/A

CONMENTS:
The estimated CBR values are based on Figure 5.2 Correlation of Dynamic Cone Penetration and CBR,
AUSTROADS {1992} "Pavement Design - A guide to the Structural Design of Road Pavements"

IANZ Accreditation does not apply

A%

| ¢
Tested By: T Date Tested {412 [a- Checked By: Date: 22.Jel |& |
L) T C




GEOTECHNICS LTD

19 MORGAN ST. NEWMARKET, AUCKLAND,

TELEPHONE (09} 3556020 FAX (09} 3070265

Form No.:

S16b

Form Date:

Oct 1998

MiiwABariley cansuli\Blockhouse\CBRS

Road.:
Site;

Location:
Test Method Used:

Blockhouse Bay Road
Testpit BB6
Adjacent to pit No3

Job Name: BartleyRTU

Lane.: Centre of the road

NZS 4402 1986 Test 6.1.3 California Bearing Ratio - In-situ method
NZ$S 4402 1986 Test 2.1 Determination of the Water Content

Job No.:
Depth:

Pagedlfof S L-
613836
-450

{mmy)

CALIFORNIA BEARING RATIO TEST- IN-SITU METHOD

Proving Ring No. : RO300 Water content: 57.3 (%)
Proving Ring constant : 00778 (kiN/div) Dial gauge No.: R0O253
PENETRATION FORCE
0.00 0.00 0.00
[}
0.50 1.00 0.08 !
1,00 2.00 0.16 I
I
1.80 2.70 0.21 !
2.00 3.25 0.25 |
i
2.50 3.90 0.30 ;
3.00 4.25 0.33 =0 \
1
4.00 4.60 0.36 i— !
5.00 5.00 0.39 < :
7.50 5.90 0.46 E . :
1
| | | ; : ! N ‘
i ] b ] b i i r
1 3 1 H 3 1 1 .
i ] 3 i P 1 I i
| t I H t I | )
1 ] 1 1 t 1 I E
0 s e B M B ——q ;
0 1 2 3 4 5 5 7 8
PENETRATION {(mm)
CBR RESULTS:
2.5 mm Linear Regression is needed (Y/N) ? N
CORRECTED {div} 4 initial Peneration Reading (mm): 0.00
FORCE F {kN) 0.30
CER (%) {= F*100/13.2) 23 Surcharge (Kg): III
5.0 mm
CORRECTED {div} 5 Base weight diameter (mm): 150
FORCE F {kN) 0.39
CBR {%]} {= F*100/20) 1.9 Rate of penetration by plunger (mm/min): 11

FINAL CBR VALUE:

2 |

COMMENT: MATERIAL DESCRIPTION;
Test performed at 450mm below top of pavement layer As per pit log
- { f
Tested by; W Date: 4/ )os Checked by: ﬁ)_g Date:  J2.]of !0;
1




GEOTECHNICS LTD.

19 MORGAN ST. NEWMARKET, AUCKLAND.

TELEPHONE: (09)3556020 FAX: {09)3070265

Form No.:

Form Date: Nov 1998

M\ IWARBartley Consul\Bristol\TP 1,.wh3

Page ®&0of 2.

Job Name: CBR Investigations Job No.: 613836 Client Ref.:  Bartley RTU
Client: Bartley Consultants Contractor: Geotechnics
Test Method Used: NZS 4402 : 1988 Test6.5.2 Dynamic Cone Penetrometer
PAVEMENT INVESTIGATICN LOG TEST REPORT
Project: CBR Investigations Sampled By: W
Location: Bristol Road Date Sampled: 6/12/2000
Lane: Left hand wheel-track Sampling Method:  Test pit excavation
Pit Location.: 42m from driveway at house No2 Sample Condition:  Disturbed
Pavement Pit No.: BR1 Date Received: 6/12/2000
?ﬁ%‘ Pavement Description
Estimated Field CBR (%)
0-25 Asphalt, chipseal, grade 3-4, fairly good condition
25 - 150 Silty GRAVEL, fine to medium, GAP40, andesite, dense
to very dense, slightly moist, possibly stabilised
150 Top of sub-grade level
0 - 200 SILT, stiff, slightly moist, low plasticity, light orangy
brown
200 - 700 Slightly clayey SILT, low to medium plasticity, firm,
slightly moist, orangy brown
€.
700 - 1500 | Clayey SILT, low to medium plasticity, firm, slightly =
moist, light brown with orange and grey mottles ‘g_
o
1500 End of auger
I
: t 1 .
} f f ; f 7 ; {
60 J0 20 30 40 S50 B0 7.0 B0 90 100
Number of blows per 50mm
Basecourse sample recovered at: N/A {mm) Density By Nuclear Densometer
Sub-base sample recovered at: N/A {mm]) Basecourse Subgrade
Subgrade sample recovered at: 5 depths {mm) |Wet Density (t/m3}: N/A N/A
Depth from ground surface to: 200 {mm} |Dry Density {t/m3): N/A N/A
commencement of penetration: Water Content (%}: N/A N/A

COMMENTS:

The estimated CBR values are based on Figure 5.2 Correlation of Dynamic Cone Penetration and CBR,
AUSTROADS {1892) "Pavement Design - A guide to the Structural Design of Road Pavements"

IANZ Accreditation does not apply

1 [

Tested By: T

Date Tested /12 Jox—

Checked By:

Date:

AR 22letlo]
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19 Morgan St. Newmarket, Auckiand
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GEOTECHNICS LTD

19 MORGAN ST. NEWMARKET, AUCKLAND.

TELEPHONE (09) 3556020 FAX (09) 3070265

Form No.:

S15b

Form Date:

Qct 1998

M:iwABarlley consulf\BristohCBR1

Road.: Bristol Road Page3Rof 2
Site; Test pit BR1 Job Name: BartleyRTU Job No.: 613836
Lecation; 42m from house No 2 Lane.: Left hand wheel-track Depth: -200

Test Method Used: NZS 4402 1986 Test 6.1.3 California Bearing Ratio - In-situ method
NZS 4402 1986 Test 2.1 Determination of the Water Content

{mm)

CALIFORNIA BEARING RATIO TEST- IN-SITU METHOD

Proving Ring No. : RO300 Water content; 59.6 (%)
Proving Ring constant : 0.0778 {kN/div) Diat gauge No.: RO253
PENETRATICN FORCE
0.00 0.00 Q.00 2 : 1 : | : ,
0.50 4.00 0.31 ; : : : : : :
1.00 7.00 0.54 l i 1 | : i ;
1 I 1 L 3
1.50 10.00 0.78 ! ! ! ! 1[
2.00 13.00 1.01 R e R - R e R T
H 1 E
2.50 15.00 1.17 ; ! :
3.00 17.00 1.32 = : Z
3 E
4.00 19.00 1.48 < : f
w4 L G B Fm e e e e — = =
5.00 21.00 1.63 & ; 1 k ; i
3 i 3 3 H
7.50 23.00 1.79 2 : | : | :
i H I H 1
1 i 1 I 1
1 El i I i
0.5 4 . —— e ,‘._--__:—_-..mw_MAL: ,,,,,
1 i 1 3 ¥ 1
1 1 H 1 t * 1
3 i H 1 3 H H
H i ] 1 3 ’ 1
i i H 1 I E 1
i H t i 3 i H
i H t i t 3 1
H i I i 1 ¥ 1
4 | frrmr et i 8
) 1 2 3 4 5 7 ]
PENETRATION (mm)
CBR RESULTS:
2.5 mm Linear Regression is needed (Y/N} ? N
CORRECTED {div) 15 initial Peneration Reading {mmy): 0.00
FORCE F {kN} 1.17
CBR {%) (= F*100/13.2) 8.8 Surcharge (Kg): II]
5.0 mm
CORRECTED {div) 21 Base weight diameter {mm): 150
FORCE F {kN]) 1.63
CBR (%] (= F*100/20) 8.2 Rate of penetration by plunger (mm/min): 1/1

FINAL CER VALUE: | 9 |

COMMENT:
Test performed at 200mm below top of pavement layer

MATERIAL DESCRIPTION:

As per pit log

!

/

Tested by: W Date: & {1 (o> Checked by: P:]{ Date: 22 /o 1 ]’g]

T




GEOTECHNICS LTD.

19 MORGAN ST. NEWMARKET, AUCKLAND,

TELEPHONE: {(09)3556020 FAX: (09)3070265

Form No.:

Form Date: Nov 1998

M: A\ WABarlley Consult\BristolT P2.wb3

Page T of SL.
Job Name: CBR Investigations Job No.. 613836 Client Ref..  Bartley RTU
Client: Bartley Consultants Contractor: Geotechnics
Test Method Used: NZS 4402 : 1988 Test6.5.2 Dynamic Cone Penetrometer
PAVEMENT INVESTIGATION LOG TEST REPORT

Project: CER Investigations Sampled By: w
Location: Bristol Road Date Sampled: 6/12/2000
Lane: Left hand wheel-frack Sampling Method:  Test pit excavation
Pit Location.: 50m offset from pit No1 Sample Condition:  Disturbed
Pavernent Pit No.: BR3 Date Received: 6/12/2000

?;p;}; Pavement Description

Estimated Field CBR (%)
0-25 Asphalt, chipseal, grade 3-4, fairly good condition
25 . 200 Silty GRAVEL, fine to medium, GAP40, andesite, dense
to very dense, slightly moist, possibly stabilised
200 Top of sub-grade level
Clayey gravelly SILT, low to medium plasticity, stiff,
0-300 slightly weathered - weathered GAF20, andesite
gravels with a clayey silt matrix
300 - 650 | Slightly clayey SILT, firm to stiff, low plasticity, slightly
moist, light brown with orangy brown mottles
650 - 1500 | Clayey SILT, low to medium plasticity, firm, slightly
moist, light brown with orange and grey mottles
1500 End of auger
00 10 20 3¢ 40 50 60 Yv.0 BO 2.0 100
Number of blows per 50mm

COmMMmencem

Basecourse sample recovered at:
Sub-base sample recovered at:
Subgrade sample recovered at:
Depth from ground surface to:

N/A {mm}
N/A (mm}
5 depths {(mm}
250 {mm)
ent of penetration:

Density By Nuclear Densometer

Wet Density {t/m3):
Dry Density {t/m3}:
Water Content (%}:

Basecourse Subgrade
N/A N/A
N/A N/A
N/A N/A,

COMMENTS:
The estimated CBR values are based on Figure 5.2 Correlation of Dynamic Cone Penetration and CBR,
AUSTROADS {1992} "Pavement Design - A guide to the Structural Design of Road Pavements"

IANZ Accreditation does not apply

Tested By:

T Date Tested & [\2_{0:;.

Checked By:

R

Date:

22
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GEOTECHNICS LTD

19 MORGAN ST. NEWMARKET, AUCKLAND,

TELEPHONE (09) 3556020 FAX (09) 3070265

Form No.:

S156b

form Date:

Oct 1598

M:AdwABariley consult\BristohCBR2

Road.:
Site:
Location:

Test Method Used:

Bristol Road
Testpit BR3 Job Name: BartleyRTU
50m from Test pit No 1 Lane.: Left hand wheel-track

NZS 4402 1986 Test 6.1.3 California Bearing Ratio - In-situ method
NZS 4402 1986 Test 2.1 Determination of the Water Content

Job No.:
Depth:

Pageyof S
613836
240

(mm)

CALIFORNIA BEARING RATIO TEST- IN-SITU METHOD

Proving Ring No. : RQO300 Water content: 60.5 (%)
Proving Ring constant : 0.0778 (kN/div) Dial gauge No.: RO253
PENETRATION FORCE
{mm) {div} {kN} CBR GRAPH
0.00 0.00 0.00 3
0.50 2.00 0.16
1.00 4.00 Q.31
2.5 4
1.50 6.00 0.47
2.00 8.50 0.66
2.50 11.00 0.86 2
3.00 13.50 1.05 =
4.00 19.00 1.48 =
5.00 25.00 1.95 § o
7.50 36.00 2.80 2
14
0.5 - ! |
1 ) |
| | |
| I : :
0 } I ; i
° : PENETRA%'ION (msm) ° ! ’
CBR RESULTS:
2.5 mm Linear Regression is needed (Y/N) 7 N
CORRECTED (div} 11 Initial Peneration Reading {mm): 0.00
FORCE F (kN) 0.86
CBR (%} {= F*100/13.2) 6.5 Surcharge (Kg): IE
5.0 mm
CORRECTED [div} 25 Base weight diameter (mm): 180
FORCE F {kN) 1.95
CBR (%} {= F*100/20] 9.7 Rate of penetration by plunger {mm/min): 1N

[0 ]

FINAL CBR VALUE:

COMMENT:
Test performed at 240mm below top of pavement layer

MATERIAL DESCRIPTION:

As per pit log

Y

Tested by: (W Date: Q{(Lloc::.

Checked by:  flS

{ ]
Date: Z.ZIIEII/U}




GEOTECHNICS LTD.

19 MORGAN ST. NEWMARKET, AUCKLAND,

TELEPHONE: {09)3556020 FAX: {09)3070265

Form No.:

Form Date:

Nov 1998

M\ IWABartley Consul\BristonTP3.wh3

Page §2.of 32~
Job Name: CEBR Investigations Job No.: 613836 Client Ref.:  Bartley RTU
Client: Bartley Consultants Contractor: Geotechnics
Test Method Used: NZS 4402 : 1988 Test6.5.2 Dynamic Cone Penetrometer
PAVEMENT INVESTIGATION LOG TEST REPORT
Project: CEBR Investigations Sampled By: w
l.ocation: Bristol Road Date Sampled: 6/12/2000
Lane: Left hand wheel-track Sampling Method:  Test pit excavation
Pit Location.: 50m offset from pit No2 Sample Condition:  Disturbed
Pavement Pit No.: BRS Date Received: 6/12/2000C
D(ﬁ,lp;_n Pavement Description
Estimated Field CBR (%)
0-25 Asphalt, chipseal, grade 3-4, fairly good condition a5 8 13 18 23 28 33 39 a5  £p
000 e ——
210 - - -f- ~ - . U I
25 - 140 Clayey plastic infill, GAP40, dense, slightly moist, 030 L EI“ S A A
greenish grey P N T N S O S A T S
- 1 i [] ] ¥ 3 I
040 - - - - e LA ool Ll
i 1 1 ! . t i
140 - 300 | Silty GRAVEL, GAP40, dense, slightly moist, andesite o R R R
070 - - T O S
T e S
300 Top of sub-grade level PP N I S B R T T T S
PP A ey R NI S S
1 ] I 3 i 1
0-250 | SILT, softto firm, low plasticity, slightly moist, dark S Tl R S S
rown 0 [ [ f 1
PN, 5 J SN PR A U U T S DU O S
RS RIS,
250 - 1500 Clayey SILT, slightly moist to moist, medium to high 450 b o gy b LU [
plasticity, grey with orangy brown mottles ‘%_1_60 I T A
= JEPeS A S A R
480 - - L
1560 End of auger S e A e
190 &+ - ml e — b b o i e S e =
.
35 | Y SENRR ISR VRN SR N U [ S
t i 1 1 i 1
220 &~ —lm —Hlm e e b b i = — o
e
2A0 4 w o ol AL oA
1 1 1 1 1 1 § B
280 e o m m m g m e e s e e e e
Lo TEERE RN S S R
[ 3 £+ JF TG SV DN Y I ISV U S,
CY 1% U R O SR
0 SR S R
3.00 N B R I M s
00 10 26 30 40 50 60 7.0 8C S0 100
Number of blows per 50mm
Basecourse sample recovered at: N/A {mm) Density By Nuclear Densometer
Sub-base sample recovered at: N/A {mm) Basecourse Subgrade
Subgrade sample recovered at: 5 depths {mm]} [Wet Density (t/m3): N/A N/A
Depth from ground surface to: 300 {mm] [Dry Density {t/m3}: N/A N/A
commencement of penetration: Water Content {%): N/A N/A

COMMENTS:

The estimated CBR values are based on Figure 5.2 Correlation of Dynamic Cone Penetration and CBR,
AUSTROADS (1992) "Pavement Design - A guide to the Structural Design of Road Pavements"

IANZ Accreditation does not apply

|

Tested By:

——

T Date Tested § |12 {ea>

Checked By:

L4

Date:

22001 ]p)
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GEOTECHNICS LTD
12 MORGAN ST. NEWMARKET, AUCKLAND.
TELEPHONE (09) 3556020 FAX (09) 3070265

Form No.: S15hb

Form Date: Oct 1998

MliwiBarlley consuli\BristoCBR3

Road.: Bristol Road Pageldfof S2-
Site: Testpit BRS Job Name: BarlleyRTU Job No.: 613836
Location: 50m from Test pit No 2 Lane.: Left hand wheel-track Depth; -300 {mm}

Test Method Used: NZS 4402 1986 Test 6.1.3 California Bearing Ratio - In-situ method

NZS 4402 1986 Test 2.1 Determination of the Water Content

CALIFORNIA BEARING RATIO TEST- IN-SITU METHOD

Proving Ring No. : RO300 Water content; 60.5 {%)
Proving Ring censtant : 0.0778 (kiN/div) Dial gauge No.: RO253
PENETRATION FORCE
{mm) {div} {kN} CBR GRAPH
0.00 0.00 0.00
0.50 2.00 0.16
1.00 4.00 0.31
1.50 6.00 0.47
2.00 7.75 0.60
2.50 9.00 0.70
3.00 10.00 0.78 =
4.00 12.00 0.93 =
5.00 14.00 1.08 § '
7.50 18.00 1.40 uo.
0.25-----..‘- _____ E'““’”ﬁ”;ﬁ”"”f“““" - -
| f ;
0 ¢ | [ 5 - E
0 1 2 3 4 5 & 7 8
PENETRATION {mm}
CBR RESULTS:
2.5 mm Linear Regression is needed (Y/N) ? N
CORRECTED (div} 9 Initial Peneration Reading (mm): (.00
FORCE F (kN) 0.70
CBR (%) {= F*100/13.2) 5.3 Surcharge (Kg): I:I
5.0 mm
CORRECTED {div} 14 Base weight diameter (mmy): 150
FORCE F [kN) 1.09
CBR {%]) {= F*100/20| 54 Rate of penetration by plunger {mm/min); 11
FINAL CBR VALUE: 5
COMMENT: MATERIAL DESCRIPTION:

Test performed at 300mm below top of pavement layer

As per pit log

Tested by: Iw

Checked by:

Al

Date: 5/(2 [ex~
[ 1

[
Date: 2,2.[0//5)




GEOTECHNICS LTD.

19 MORGAN ST. NEWMARKET, AUCKLAND.

TELEPHONE: {09)3556020 FAX: (09)3070265

Form No.:

Form Date:

Nov 1998

M: \ IW\Bartley ConsultBristo\TP4.wh3

Page 45 of S2.
Job Name: CBR Investigations Job No.: 613836 Client Ref.:  Bartley RTU
Client: Bartley Consuitants Contractor: Geotechnics
Test Method Used: NZS 4402 : 1988 Tesi6.5.2 Dynamic Cone Penetrometer
PAVEMENT INVESTIGATION LOG TEST REPORT
Project: CBR Investigations Sampled By: w
Location: Bristol Road Date Sampled: 15M2/2000
Lane: Centre of the road Sampling Method:  Test pit excavation
Pit Location.: Adjacent to pit No3 Sample Condition:  Disturbed
Pavement Pit No.: BR6 Date Received: 15/12/2000
[z;pr:(qf; Pavement Description
Estimated Field CBR (%)
0-25 Asphalt, chipseal, grade 3-4, fairly good condition 33 38 45 g0
} ‘r
T
25 . 140 Clayey plastic infill, GAP40, dense, slightly moist, Sl
greenish grey I
140 - 370 | Silty GRAVEL, GAP40, dense, slightly moist, andesite TTaT oo T
.._L_-L___......:.AH,LW“..E,.,,..
[}
370 Top of sub-grade level ._____________MWM:: ________
SR
3
0 - 200 SILT, soft to firm, low plasticity, slightly moist, dark R
- I
E. e
200 - 1500 | Clayey SILT, slightly moist to moist, medium to high 5ol [ Lt b b
plasticity, grey with orangy brown mottles ‘%_ - L
=Pyt IS
3
1500 Endofauger | 7T TATTATTOTTOTTT ::""::“::
.
R
b i L
i !
00 30 20 30 40 S50 80 70 8¢ £0 100
Number of blows per 50mm

Basecourse sample recovered at:
Sub-base sample recovered at:

N/A

N/A

Subgrade sample recovered at:
Depth from ground surface to:
commencement of penetration:

5 depths

400

{mmi)
{mm)
{mm}
{mm}

Density By Nuclear Densometer

Wet Density {t/m3}:
Dry Density (t/m3):
Water Content (96}:

Basecourse Subgrade
N/A N/A
N/A N/A
N/A N/A

CONMMENTS:

The estimated CBR values are based on Figure 5.2 Correlation of Dynamic Cone Penetration and CBR,
AUSTROADS (1992) "Pavement Design - A guide to the Structural Design of Road Pavements”

IANZ Accreditation does not apply

Tested By: RN

Date Tested \§/(2]oo
—

Checked By:

AR

{
Date: 7?.}0! (e}




GEOTECHNICS LTD Page Ut of S2
19 Morgan St. Newmarket, Auckland
Telephone (09)3556020 Fax (09)3070265 Job No: 613836

Bristol Road, Whenuapai
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GEQTECHNICS LTD

19 MORGAN ST. NEWMARKET, AUCKLAND.

TELEPHONE (09) 3556020 FAX (09) 3070265

Form No.: S15b

Form Date:

Oct 1998

M:\iwiBarlley consull\Bristo\CBR4

Road.:
Site:

Location:
Test Method Used:

Bristol Road
Testpit BR6
Adjacent to pit No 3

Job Name: BartleyRTU

Lane.: Centre of road

NZS 4402 1986 Test 6.1.3 California Bearing Ratio - [n-situ method
NZ§ 4402 1986 Test 2.1 Determination of the Water Conient

Job No.:
Depth:

Pagelflof 52
613836

-400 {mmy}

CALIFORNIA BEARING RATIO TEST- IN-SITU METHOD

Proving Ring No. : RO300 Water content: 50.4 {%)
Proving Ring constant : 0.0778 (kN/div) Dial gauge No.: RO253
PENETRATION FORCE
{mm) {div) {kN) CBR GRAPH
0.00 0.00 0.00 i ’ , : ' ‘ '
0.50 2.00 0.16 ! : : ; j : :
1.00 3.75 0.29 : ! ; i ; |
] ¥ i i )]
1.50 5.00 0.39 ; ! ; :
2.00 6.00 0.47 L R e R
1 1
2.50 7.00 0.54 ! X
3.00 7.75 0.60 = ;
H 1
4.00 8.00 0.70 = ; ! :
Woosl oS S . L P S
5.00 10.00 0.78 e | ¢ ; | | :
| i r I | 1
7.50 12.00 0.93 8 ; : ‘[ : ! '
1 H i i : H
i H i 1 P
_'_ i H t ¢
i ] i £ .
025 Lo el P o b .
1 I ¥ 3 I ’
| 1 | f ! :
i 1 I i i |
1 I I i ' !
1 1 I 1 1 T .
1 i | 1 1 |
0 L B e S ettt ‘
0 1 2 3 4 5 6 7 8
PENETRATION (mm)
CBR RESULTS:
2.5 mm Linear Regression is needed (Y/N) 7 N
CORRECTED (div} 7 Initial Peneration Reading {mm): 0.00
FORCE F (kN} 0.54
CBR (%) {= F*100/13.2) 4.1 Surcharge (Kg): ‘Il
5.0 mm
CORRECTED (div) 10 Base weight diameter (mm): 150
FORCE F (kN} Q.78
CBR (%) (= F*100/20) 3.8 Rate of penetration by plunger {mm/min}: 11
FINAL CBR VALUE: ! 4

COMMENT: MATERIAL DESCRIPTION:

Test performed at 400mm below top of pavement layer As per pit log

Tested by: W Date: W12 Jexs Checked by: P Date:  2)|g1/#]
AL el




GEOTECHNICS LTD. Form No.:
19 MORGAN ST. NEWMARKET, AUCKLAND. Form Date: Nov 1998
TELEPHONE: (09)3556020 FAX: (09)3070265 M: § IWBarliey ConsulBristonTPS.wb3
Page 4B of S2
Job Name: CBR Investigations Job No.: 613836 Client Ref.:  Bartley RTU
Client: Bartley Consultants Contractor: Geotechnics
Test Method Used: NZS 4402 ; 1988 Test6.5.2 Dynamic Cone Penetrometer
PAVEMENT INVESTIGATION LOG TEST REPORT
Project; CBR Investigations Sampled By: w
Location: Bristal Road Date Sampled: 15/M12/2000
Lane: Centre of the road Sampling Method:  Test pit excavation
Pit Location.: Adjacent to pit No2 Sample Condition:  Disturbed
Pavement Pit No.: BR4 Date Received: 15/12/2000
[iﬁ,\prm Pavement Description
Estimated Field CBR (%)
0-25 Asphalt, chipseal, grade 3-4, fairly good condition
25 - 200 Clayey plastic infill, GAP40, dense, slightly moist,
greenish drey
200 - 300 | Silty GRAVEL, GAP40, dense, slightly moist, andesite
300 Top of sub-grade leve)
0-150 SILT, sands to fine, firm, slightly moist, dark brown
150 - 400 Slightly clayey SILT, firm to stiff, slightly moist medium
plasticity, light brown
_ Clayey SILT, stiff, medium to high plasticity, slightly
400 - 1500 moist, orangy brown
1500 End of auger
i
-2:80--“~:“~‘7:~-1 ————— i“"““""i""‘?"";""
290 Lo o e o R et T
. ! 1
3.00 T s A
00 {10 20 30 40 50 B0 70 80 80 100
Number of blows per 50mm

Basecourse sample recovered at:
Sub-base sample recovered at:
Subgrade sample recovered at:
Depth from ground surface to:
commencement of penetration:

N/A

N/A

5 depths

300

{mm)
{mm}
{mm}
{mm}

Density By Nuclear Densometer

Wet Density {t/m3):
Dry Density (t/m3):
Water Content (%):

Basecourse Subgrade
N/A N/A
N/A NIA
N/A N/A

COMMENTS:

The estimated CBR values are based on Figure 5.2 Correlation of Dynamic Cone Penetration and CBR,
AUSTROADS {1992} "Pavement Design - A guide to the Structural Design of Road Pavements”

IANZ Accreditation does not apply

Tested By: o

Date Tested 1512 {ecs

Checked By: M{

Date: 22 ﬂllfrf




GEOTECHNICS LTD Form No.: S16b
19 MORGAN ST. NEWMARKET, AUCKLAND. Form Date: Oct 1998
TELEPHONE {09) 3556020 FAX (09) 3070265 MwABarley consull\BrisiohCBRS
Road.: Bristol Road Pagelfpi SL-
Site: Test pit BR4 Job Name: BartleyRTU Job No.: 513836
Location: Adjacent to pit No 2 Lane.: Centre of road Depth: -300 (mm)
Test Method Used: NZS 4402 1986 Test 6.1.3 California Bearing Ratio - In-situ method
NZS 4402 1986 Test 2.1 Determination of the Water Content
CALIFORNIA BEARING RATIO TEST- IN-SITU METHOD
Proving Ring No. : RO300 Water content: 81.2 (%}
Proving Ring constant : 0.0778 {(kN/div) Dial gauge No.: RQ253
PENETRATICN FORCE
(mm) {div) L) CBR GRAPH
0.00 0.00 0.00 4 : | ,
0.50 5.00 0.39 : ) : ] ! :
1.00 11.00 0.86 ‘ | : i | ’ I
3 [ 3 i 1 1
1.50 17.00 1.32 : : ; : ; !
2.00 24.00 1.87 IR o R e B o SRR
I | i i 3 3
2.50 30.00 2.33 ! ! ! ; ! E
3.00 34.00 2.65 — I l i [ i i
E 1 1 | | | :
4.00 38.00 2,96 = ! ! ! ! ! '
Mo 1 L L S T e e
5.00 42.00 3.27 Q / : H ‘ } 1
I 1 t i 1
7.50 48.00 3.73 g : ! : 1 ! :
E 3 I ‘ 1 |
E 3 t i 1 1
3 t I 1 1 |
I N A SR bem - R e NS
| 3 3 1 1 i
T | 1 1 |
1 i | : | f
| 3 1 1 1 3
| 3 ] 1 | E
T E I 1 I 3
0 ' I Bt e
] 1 2 3 4 5 6 7 8
PENETRATION (mm)
CBR RESULTS:
2.5 mm Linear Regression is needed (Y/N) 7 N
CORRECTED {div) 30 Initial Peneration Reading (mm): 0.00
FORCE F (kN) 2.33
CBR (%) {= F*100/13.2) 7.7 Surcharge (Kg): III
5.0 mm
CORRECTED {div] 42 Base weight diameter (mm): 150
FORCE F (kN} 3.27
CBR (%] (= F*100/20} 16.3 Rate of penefration by plunger (mm/min}; 11
FINAL CBR VALUE: l 18 1
COMMENT: MATERIAL DESCRIPTION:
Test perfermed at 300mm below top of pavement layer As per pit log
Tested by: Iw Date: " W12l Checked by: Al Date: e gt
1 T T




GEOTECHNICS LTD.

18 MORGAN ST. NEWMARKET, AUCKLAND.

TELEPHONE: (09)3556020 FAX: (09)3070265

Form No.:

Form Date: Nov 1998

M: \ IWBartley Consult\BristohTP6.wh3

Page & of S

Job Name: CBR Investigations Job No.: 613836 ClientRef.:  Bartley RTU
Client: Bartley Consultants Contractor: Geotechnics
Test Method Used: NZS 4402 :1988 Test6.5.2 Dynamic Cone Penetrometer
PAVEMENT INVESTIGATION LOG TEST REPORT
Project: CBR Investigations Sampled By:; W
Location: Bristol Road Date Sampled: 15M12/2000
Lane: Centre of the road Sampling Method:  Test pit excavation
Pit Location.: Adjacent to pit No1 Sample Condition:  Disturbed
Pavement Pit No.: BR2 Date Received: 15/12/2000
[i?npnt'\r; Pavement Description
Estimated Field CBR (%)
c-25 Asphalt, chipseal, grade 3-4, fairly good condition
25 . 150 Silty clayey plastic infill, GAP40, dense, slightly moist,
greenish grey
150 - 250 | Very silty GRAVEL, medium dense, aggregate pushed
into silty sub-grade
250 Top of sub-grade level
0 - 200 SILT, firm to stiff, dry to slightly moist, low plasticity,
light brown
£
200 - 450 Slightly clayey SILT, firm to stiff, slightly moist medium| .
plasticity, orangy brown ‘g_
[
450 - 1500 Clayey SILT, stiff to very stiff, medium to high
plasticity, slightly moist, light grey
1500 End of auger

00 10 20 30 40 50 60 70 80 10.0
Number of blows per 50mm
Basecourse sample recovered at; N/A {mm) Density By Nuclear Densometer
Sub-base sample recovered at: N/A {mm} Basecourse Subgrade
Subgrade sample recovered at: 5 depths {mm) |Wet Density {t/m3}: N/A N/A
Depth from ground surface to: 250 {mm) |Dry Density {t/m3}: N/A N/A
commencement of penetration: Water Content (%): N/A N/A

COMMENTS:
The estimated CER values are based on Figure 5.2 Correlation of Dynamic Cone Penetration and CBR,
AUSTROADS {1992] "Pavement Design - A guide to the Structural Design of Road Pavements”

IANZ Accreditation does not apply
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Date:

Tested By:

Date Tested S/ 11 foo
AR

Checked By: AR
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GEOTECHNICS LTD

19 Morgan St. Newmarket, Auckland
Telephone (09)3556020 Fax (09)3070265

Bristol Road, Whenuapai

PageS of 5%

Job No: 613836
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GEOTECHNICS LTD Farm No.: $15b
P 19 MORGAN ST. NEWMARKET, AUCKLAND. Form Date: Oct 1998
P TELEPHONE (09) 3556020 FAX (09) 3070265 MiiwiBadley consulliBrislohCBRE
Road.: Bristol Road Page S4nf 59,
Site: Testpit BR2 Job Name: BarileyRTU Job No.: 513836
Location: Adjacent to pit No 1 lane.: Centre of road Depth: -250 {mm)
Test Method Used: NZS 4402 1986 Test 6.1.3 California Bearing Ratio - In-situ method
NZS 4402 1986 Test 2.1 Determination of the Water Content
CALIFORNIA BEARING RATIO TEST- IN-SITU METHGD
Proving Ring No. : RO300 Water content: 74.7 (%)
Proving Ring constant : 0.0778 (kN/div) Dial gauge No.: RO253
PENETRATION FORCE
(mrn) (le) {kN) CBR GRAPH
0.00 0.00 0.00 4 ; 1 ; [ . E .
0.50 4.00 0.31 ! ! ! ! L : :
1.00 8.00 0.62 '. ; 1 | 1 1
3 1 3 3 £ 3
1.50 11.50 0.89 : X : : j )
2.00 15.00 1.17 e ey - Rl EEEEE RS AL Pomm-
t i I 1 ] 3 I
2.50 19.00 1.48 ; : ! ; : : §
3.00 23.00 1.79 = I i : i | 1 ‘
1 t t ’ L 1 |
4.00 29.00 2.26 = | ! ; ! f ! ;
PR R DU SR 20 S A A
5.00 35.00 2.72 S | 1 | ! , < 1
! t A | 1 t |
7.50 49.00 3.81 Q 1 | : : | : |
3 H i 3 i 1 1
I i 1 i i 1 1
: ‘ 1 : t i ;
T4 --- - domm ] - — e = = o = [ESppS—— [P ——
3 1 t 3 1 1 1
] i E i 1 3 B
I [l 1 1 b ¥
1 ] 1 1 H 1 )
1 1 1 I 1 1 |
3 1 I 3 i 3 t
i 1 1 i 1 ] i
I k i i E 1 i
¢ I T e e e Al f
0 1 2 3 4 5 6 7 B
PENETRATION {mm)
CBR RESULTS:
2.5 mm Linear Regression is needed {Y/N} ? N
CORRECTED {div} 19 initial Peneration Reading {mm}: 0.00
FORCE F (kN} 1.48
CBR (%]} {= F*100/13.2} 11.2 Surcharge (Kg): \I]
5.0 mm
: CORRECTED (div) 35 Base weight diameter (mm): 150
FORCE E (kN) 272
H
%‘g CBR (%]} {= F*100/20) 13.6 Rate of penetration by plunger {mm/min}: 11
\ | FiNAL CBR VALUE: [ s
COMMENT: MATERIAL DESCRIPTION:
Test performed at 250mm below top of pavement layer As per pit log
sted by: W Date: Checked by: Date:
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