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An Important Note for the Reader

The research detailed in this report 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,
Transfind New Zealand, and its employees and agents involved in the
preparation and publication, cannot accept liability for its contents or for any
consequences arising from its use. People using the contents of the document
should apply, and rely upon, their own skill and judgement. They should not
rely on its contents in isolation from other sources of advice and information,

This report is only made available on the basis that all users of it, whether direct
or indirect, must take appropriate legal or other expert advice in relation to their
own circumstances. They must rely solely on their own judgement and seek
their own legal or other expert advice in relation 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

Pavements constructed on volcanic subgrades typically have higher deflections under
load than similarly performing pavements constructed on other subgrades. This has
created a difficulty in determining the structural strength of these types of pavements
based on their deflection response when determined by instruments such as the
falling weight deflectonmeter (FWD). The anomalous behaviour of volcanic
subgrades means the standard methods used for assigning strength based on FWD
readings cannot be used. The relationship between the in siftu CBR (California
bearing ratio) and FWD modulus of volcanic soils was investigated.

Past work was reviewed together with geological maps regarding the engineering
properties and distribution of the volcanic soils within the North Island.

An attempt to class the volcanic soils into three main soil types was carried out. The
location of 15 in sifu test sites was then obtained. Site location was based on the
amount of past work and the classification.

The performance of the 15 sites was investigated using the FWD, test pits, in sifu
CBR and other standards tests; and the Allophane content was also obtained.

From the results of the testing it was found that three correlations between the in sifu
CBR and the isotropic modulus were apparent.

These relationships were then used to derive a robust method to assess the structural
number of pavements constructed on volcanic subgrades. Factors were presented

based on the relationships and the process to enable the structural number to be
calculated.

Factors for the use in Austroads pavement design were also presented.

To enable the Tonkin & Taylor method of indirect measurement of the structural
number (SN) to be calculated on volcanic soils the addition of a constant was

suggested (SNC), which should allow for the main differences between volcanic
soils.

It is recommended that on volcanic soils a possible correlation between the FWD
modulus and 7 sif CBR for volcanic soils on a network basis maybe:
e Isotropic Modulus = 1 x CBR, typically for pumice/sandy soils,

e Isotropic Modulus = 3 x CBR, mixture of Silty soils and Brown ash,
(however, the relationship not well defined)

¢ Isotropic Modulus = 10 x CBR, typically includes clayey ash soils,

s That the above correlations be used to determine the CBR, which can be
then used to calculate the SNC.

e That within the above relationship the modulus should be multiplied by 1.5
to obtain the vertical anisotropic modulus for use in Austroads design.

e That the T&T method for network surveys should be modified by the
addition of 1.5, when using on pumiceous subgrades.

¢ That further research be performed to define the relationship between the
FWD modulus and in situ CBR for volcanic silty soils.
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Abstract

Pavements constructed on volcanic soils behave differently to non-volcanic soils and
have higher deflections when dynamically loaded. Past relationships between CBR
and modulus may therefore not be applicable. Fast non-destructive methods currently
being used rely on these relationships and therefore relationship(s) between the CBR
and modulus need to be obtained for volcanic soils. The project investigated the
various volcanic soils within the North Island and attempted to classify the various
types into three groups, initially based on the geological description and past work.
In sifu testing of the volcanic subgrades was conducted using the falling weight
deflectonmeter (FWD) test and in sifu CBR (California bearing ratio) together with
other standard tests. From the in situ testing three correlations were identified for
volcanic soils, however the third was not well defined. The volcanic soil types
represented by the correlations were, clayey, pumiceous and silty/brown ash. To
enable the structural number of pavements on volcanic soils to be determined, factors
were presented, based on the identified relationships and the procedure for
determining the structural number of pavement from the FWD modulus suggested. A
modification of the Tonkin & Taylor method of determining the structural number
was included which allowed for the use on volcanic subgrades. Also included were

factors that allowed the volcanic relationships to be used in Austroads pavement
design.



1 Introduction

1.1 Background

Pavements constructed on volcanic subgrades typically have higher deflections under
load than similarly performing pavements constructed on other subgrades. This has
created a difficulty in determining the structural strength of these types of pavements
based on their deflection response when determined by instruments such as the
falling weight deflectonmeter (FWD). The FWD is being used to obtain a measure of
the pavement strength for use in pavement deterioration modelling as this is a rapid
relatively inexpensive method suitable for network surveys. The anomalous
behaviour of volcanic subgrades means the standard methods used for assigning
strength based on FWD readings cannot be used.

As a large area in the Central North Island has volcanic subgrades and many of these
areas are experiencing significant traffic growth, the application of pavement
deterioration models in these areas will be constrained until an appropriate method is
derived to determine their structural performance.

The concept of describing the strength of a pavement in terms of one number, called
the structural number (SN), was developed from the AASHO road test published in
1962. The modified structural number (SNC) was developed to incorporate the
contribution to the strength from the subgrade. The original definition of the SNC
was based on the determination of the California bearing ratio (CBR) of the various
pavement layers including the subgrade. The CBR test gives an indication of the
shear strength of a material. Each pavement layer is then given a weighting based on
its strength and thickness. The summation of these factors for each layer and the
subgrade gives the SNC. The method for calculating the input into the modified
structural number equation can be carried out either directly (CBR) or non-directly,
using non-destructive methods.

The 7n situ determination of the CBR requires the digging of test pits and thus it is an
expensive exercise. In order to obtain a faster and cheaper method the FWD has been
used to calculate the modulus of the pavement layers and subgrade and then use a
standard relationship between modulus and CBR to assign a strength factor to each
layer. The FWD technique therefore, relies on the relationship between CBR and
modulus.

Previous research performed by Central Laboratories on Taranaki brown ash
demonstrated that the relationship between the CBR and modulus does not
correspond to the standard relationship, which may lead to pavements being over-
designed and the above non-destructive method to determine the SNC not applicable
to volcanic soils. This has also been recognised by the RIMS group in their dTIMS
implementation document “Establishing Pavement Strength for use with dTIMS”
where the anomalous behaviour of volcanic subgrades has been highlighted.
Therefore, for volcanic subgrades, the CBR FWD modulus relationship — to enable
non-destructive methods to be used — needs to be determined.



The research project’s aim was to develop a relationship between the subgrade CBR
and FWD determined modulus so that this technique can be used for network surveys
of pavement strength, the structural number.

Various studies have investigated different ways to determine the modified structural
number. Salt and Stevens (2001) carried out a study to investigate the validity of the
different methods, to determine which were applicable to New Zealand roads and
developed an equation to determine the structural number from FWD non-destructive
testing. This relationship however, was also derived form the standard CBR modulus
relationship, and therefore to enable the equation to be used on volcanic subgrades an
mnvestigation to assess if the difference is significant must be carried out.

The results of this research will also be of benefit to pavement designers who at
present accept that the performance of pavements on volcanic subgrades does not
conform to the Austroads Pavement Design Guide. Although previous research
reported in Transfund NZ Research Report No. 128 has given pavement designers
information for areas on brown ash, for other volcanic subgrades the information is
lacking. This research project will allow the expansion of the analysis performed in
the previous research to be applied to other types of volcanic subgrades.

1.2  Objectives Of the Research

The objectives of this research were:

» To develop a relationship between the CBR and modulus derived from the
FWD of volcanic soils;

e To use this relationship to derive a robust method to assess the structural
number of pavements constructed on volcanic subgrades.
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2 Background on Volcanic Soils

Volcanic ash showers have coated large areas of the North Island of New Zealand
during the last 100,000 years Gibbs (1968). Some of the deposits have been removed
by the elements or buried, but the ash deposits remaining are the principal soil-
forming materials of the North Island. These deposits of volcanic ash have had a far-
reaching effect, especially on soils and land use in the North Island. Slopes are
generally smoother, and the soils more permeable, more friable, and more responsive
to human management, than they would have been on land formed from the
underlying rocks.

The principle centres of soil-forming ash showers in New Zealand are Mt. Egmont,
Mt. Ruapehu, Mt. Ngauruhoe, Mt. Tongariro, Mt. Tarawera, and craters near Taupo,
Rotorua, and the Bay of Plenty.

Two broad types of ash beds are recognised (Taylor 1933):

1. Intermittent type, in which materials are ejected on numerous occasions
over a period of years. The materials are generally andesitic or basaltic and
gradually build up a cone around the vent,

2. Paroxysmal type, in which materials are belched out in sudden explosions at
long intervals. These materials are generally rhyolitic and are ejected from
craters or rifts.

Most volcanic soils are best described as silty clays or clayey silts, despite the fact
that they plot well below the Casagrande A-line on the placticity chart (i.e. are
clearly in the silt zone).

Gibbs (1968) grouped New Zealand volcanic soils into five representative soil types.
These were: recent soils from volcanic ash, yellow-brown pumice soils, yellow-
brown loams, brown granular loams, and red loams and brown loams. These soil
types were useful as a base to begin to determine the classification of volcanic soils
discussed in the next section.

Some volcanic ashes have been named to collectively describe the Andesitic tephras
which were deposited during the Taranaki eruptions, e.g. the Taranaki brown Ash,
which frequently occurs in thick weak to strongly weathered beds. This weathering
process produces a succession of ‘clay minerals’ with initially allophane being
formed, which in time (say 20,000 years) changes to halloysites and finally kaolin.
Other groups include the Hamilton ashes and the Taupo pumice. The ashes are given
their name from either the locality of the vent or the locality of where the ash is
extensively exposed at the surface. '
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3 Classification of Volcanic Soil Types

3.1 General

To try and define possible areas of similar volcanic soil that could then be tested in
their various groups, previous OPUS research and projects were reviewed, and other
work was also taken into consideration. The engineering properties were collated and
used to develop a broad classification for the various volcanic soils. A number of
tests were used to develop the classification: a few of these were the geological
description, the particle size distribution, atterburg limits and the CBR test. A
summary of the findings regarding the engineering properties of volcanic soils is
detailed below.

3.2 Engineering Properties of Volcanic Soils

It has been found from previous studies [Fullarton, (1978), Jacquet, (1987),(1988),
Miller, (undated), Parton, and Olsen, (1980) Sutherland, et al. (1997) White, (1982),
Pender, (1996), Wesley and Chan, (1991), Wesley, L.D. (1999)], that volcanic soils
engineering properties are wide ranging. Some volcanic soils, for example the brown
ashes, tend to be sensitive to remoulding, and some volcanic soils can also physically
change their properties when remoulded and/or dried, the soil altering its particle size
distribution (psd).

It has been reported that the clay mineral ‘allophane’ and to a lesser extent halloysite
are in a large part responsible for the unusual psd changing properties. Allophane
contributes to the greasy feel of the soil. The change in the psd occurs due to the
effect of the water being expelled from the molecular particle structure by bond-
breakdown analogous to the way ice becomes water. The gel-like structure of the
clay minerals collapse and form aggregations, which in turn makes the soils ‘grity’.
These new aggregates are reported to have a relatively high stability.

The sensitivity to remoulding of these soils may be due to the oxidation of iron in the
ash. Iron oxide has been reported to form a ‘structure’ between the particles, which is
broken-down when remoulded.

Most undisturbed volcanic soils tend to have high bearing capacities, as high pre-
consolidation pressures have been measured on undisturbed volcanic ash,
accompanied by irregular variations with depth. As there is no geological evidence as
to why these soils have a high over-consolidation ratio, it is thought that this is due to
the oxidation of iron forming a type of structure within the soil matrix. Once this pre-
consolidation pressure is reached the soils rapidly lose strength and are highly
compressible, i.e. the structure has broken-down.

Apparent pre-consolidation pressures can vary markedly. It was reported by Miller
(undated) that a brown ash material (grey in its reduced state) effectively exhibited
no pre-consolidation and was recovered from within a local poorly drained area.
Jacquet (1987) reported that the pre-consolidation pressure was directly proportional
to the shear strength. The strength characteristics of the ash were also reported to
vary depending on the degree of weathering, oxidation (drainage conditions) and
saturation, Miller (undated). Therefore an oxidised ash, with the iron structural
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matrix developed may be stronger up to the pre-consolidation pressure than an ash in
its reduced state.

Pumice soils however, tend to be less sensitive to remoulding. This may be due to the
kind of deposition and then cementation of the pumice grains, although some pumice
soils still exhibit fairly high sensitivities, possibly due to larger amounts of iron
present in some areas. Pumice soils also tend to be sandy and contain smaller
amounts of the Allophane clay mineral: and therefore after remoulding, any change
within the Allophane will be small and less likely to change the overall particle size
distribution compared to such soils as clays.

In general, volcanic materials have been reported as having; a high particle density,
due to the presence of heavy minerals, and a low dry density due to the high volume
of voids. These voids have been found to be discrete internal voids within the
particles themselves, and the particle shapes are angular, together with the rough
microtexure which causes a high shear strength/friction angle. The soils also usually
exhibit some cohesion. The natural moisture content of many of the soils, especially
the brown ash soils, tends to be high, and in some case have been higher then the
liquid limit. The liquid limit of the soils is also high compared to non-volcanic soils.

Care has to be taken in the interpretation of laboratory test results, as it has been
found in New Zealand ashes that four different moisture/density relationships can be
obtained, depending on whether a wet or dry soil is the starting point, and whether
the same soil is used throughout or a fresh sample is taken for each compaction
Jacquet (1987). The clay mineral Allophane may be responsible for these
relationships. However, for pumice soils their particle size distribution may change
under compaction activities due to their soft (low crushing resistance) character and
the presence of Allophane.

3.3 Broad Groupings

During the review of the existing data, it was found that the test results were wide
ranging with overlapping of results making the defining of the volcanic soils
difficult. In general a broad grouping of the pumice soils/sands and the brown ashes
could be considered reasonable due to their difference in behaviour and engineering
properties as discussed above.

An investigation into whether a possible relationship between the shear strength and
the modulus of the volcanic soils already tested in the existing studies was
conducted. The existing data was gathered together and a graph of modulus versus
shear strength (equivalent CBR) was developed. It was found that two relationships
were possibly forming, as shown in Figure 3.1.

Some correlation was observed in this figure, i.e.,
¢ Modulus =6 x CBR (3.1)
e Modulus =3 x CBR (3.2)

It can be seen that these relationships are different from the AUSTROADS

relationship of ten times the CBR value. It was decided however, for purposes of the
site selection, to group the various volcanic soils by their main geological description
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i.e., Hamilton ashes, Taranaki brown ash and Taupo pumice. This was due to the
previous data on volcanic soils in some cases shown in Fig 3.1 being incomplete and
variable, and therefore inconclusive. By initially grouping the volcanic soils into
their geological grouping it helped to make a base for the site testing and made the
location of the site testing simpler. However, after the site testing we were open to

other correlations which may develope, which was found to be the case as reported in
section 6.5.
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Figure 3.1 Graph of Modulus versus Equivalent CBR value from past work,

In order to obtain results from locations spread throughout the North Island, (so that
a broad set of test results, and therefore relationship, could be obtained) the location
of the testing from the existing reports were plotted on a map of the North Island.
This allowed area’s where relatively little information was available, to be identified.
These areas were considered a priority to achieve more information so a potentially
broad relationship could be obtained for volcanic soils, if there was one. The site
selection covered the main volcanic soils in the central North Island.
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4 Site Selection

4.1 General

As discussed in section 3, the volcanic ashes grouping was based on their geological
description and from the geological map (Rijkse and Hewitt, 1995). The three
groupings were the pumiceous soils, the Taranaki brown ashes and the Hamilton
ashes. The existing data was plotted on the geological map. So that areas where little
information existed could then be identified easily. Sites were selected so that
together with the existing data the results would enable a wide spread of sites within
the broad groupings to be obtained and so that the testing was not duplicated.

It was found that a relatively large amount of information existed for the Taranaki
brown ashes. Little information on the modulus and shear strength of the pumice
soils was available for areas tested at the same site. Areas in the Hamilton ashes were
shown to have been tested fairly extensively but were wide ranging. It was decided
therefore, to select more sites in the pumice soils to achieve a spread of results, to
test a few sites on the brown ashes to verify previous data, and to obtain a spread of
data throughout the Hamilton ash to identify a possible relationship in their
variability.

A detailed site inspection ensured that the sites were not located on fill and were
representative of the surrounding area. Fifieen sites in total were selected.

4.2 Site locations

Due to the lack of existing information in the pumice soils, five sites were selected.
The location of sites 1 to 5 are shown in Figure 4.1 and a more detailed description
of each site is included in Table 1, with a site location plan for each site in appendix
A. A relatively large amount of existing test results was available for Taranaki brown
ash so it was decided to select only two sites in this area to confirm the existing data,
sites 6 and 7. An additional site was also selected on ‘brown soil’, (Hewitt 1998
classification) site 8. This site was selected to determine the soil’s properties and to
investigate whether they are similar to the volcanics, due to the sites close proximity
to the brown ash and allophanic soils.

Previous testing around the Hamilton area has provided information on volcanic ash
within the area, but because of the variability of the ash falls three sites were chosen
to try and determine if a pattern to the variability could be found (sites 9, 10 and 11).
Two non-volcanic soils were also tested within this area to try and assess their
difference between volcanic soils (sites 14 and 15). These sites were also used as a
control. South of Auckland low-strength soils can be found, but the main volcanic
material is from weathered Basaltic and pyroclastic deposits. One site was located on
this ‘granular material’ (site 12), together with a site located between Hamilton and
Pukekohe (site 13).

15



Description of selected sites; (A detailed site location plan for each site can be found

in appendix A)

Site Location Soil Grouping
Site 1. Okere Falls, Okere Road Pumiceous
Site 2. Lichfield, Vospers Road Pumiceous
Site 3. Murupara, Golf Road Pumiceous
Site 4. Waiotapu, Jay Road Pumiceous
Site S. Bennydale, SH30 Pumiceous
Site 6. Stratford-Inglewood, Tariki Road Brown ash
Site 7. Waitara-Urenui, Upper Epiha Road Brown ash
Site 8. Whangamomona, SH43 Brown soil
Site 9. Pio Pio, Mairoa Road Hamilton ash (south)
Site 10. Hamilton-Cambridge, Day Road Hamilton ash
Site 11. Te Pot, Stopfords Road Hamilton ash (east)/pumice
Site 12. Pukekohe, Coles Road Granular material
Site 13. Taupiri, Jew Road Hamilton ash (north,

granular)

Site 14, Te Awamuta, Bowman Road Non-volcanic
Site 15. Cambridge, Peake Road Non-volcanic

Table 4.1 Sites selected for testing
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5 Testing

5.1 Testing Conducted

After each specific site had been located, ensuring that the sites were not located on
fill and were representative of the surrounding area, on-site testing was carried out.
Testing at each of the 15 sites included;

* two logged/photographed test pits, for the identification of the pavement
layers, the subgrade and the depth;

e insitu CBR tests were performed on the subgrade, together with dynamic
cone penetrometer tests, moisture contents. Allophane contents were also
determined and the subgrade density. Atterburg tests were conducted at the
laboratory.

Testing was carried out to NZS 4402 (refer to appendix B for the test results).

Falling weight deflectometer (FWD) tests were also carried out to determine the
modulus of the subgrade. FWD tests were conducted and marked out before the test
pits were dug so that the two could be located on the same part of pavement. The
FWD testing involved testing the section of roadway in one direction at 20m
intervals for a length between 100 to 200m. At least two loading levels were used to
give a measure of the stress dependency of the subgrade. The modulus results from
the FWD testing are included in the summary in Appendix B.
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6 Results and Analysis

6.1 General

The results from the on-site and laboratory tésting, and the FWD were analysed and
relationships between the CBR and the FWD derived modulus determined for
volcanic soils.

This relationship was then used to determine factors for the determination of the
CBR from the FWD modulus so that the structural number (SN) for pavements could
be obtained and also the determination of the vertical modulus from the CBR for use
in Austroads pavement design.

The indirect method of determining the SNP (the SNC for thin pavements) from the
deflection results without knowledge of the pavement structure [developed by
Tonkin & Taylor (Salt and Stevens, 2001)] was also examined, and a factor for
modifying the relationship for the different subgrade types determined.

6.2 Results from the Trial Pits

Two test pits were dug at each site with measurements of in situ CBR and scala
penetrometer values obtained. Laboratory testing of samples was also conducted.

Results from the Allophane testing showed variable amounts of the clay mineral
Allophane throughout the sites tested. In general the highest concentrations were
found to be located south of Hamilton. Medium levels were obtained near Tauranga
and Taranaki. The soils near Taranaki and Tauranga have been historically sensitive
to remoulding and able to change their psd (Jacquet 1987), initially reported to be
due to the Allophane mineral present: however from the testing, this may not be the
only reason. As suggested in section 3, the sensitivity may also be due to the break-
down of the soil matrix due to the oxidation of iron within the soil.

The Allophane test results are summarised in Table 6.1 with the test pit results
summarised and presented at the beginning of appendix B.

6.3 FWD Analysis

6.3.1 General

Transfund Research Report No. 117 describes the procedure for the detailed
structural analysis of the pavement from the shape of the deflection bowl. Basically,
the outer deflections define the stiffness of the subgrade while the bowl shape close
to the loading plate allows analysis of the stiffness of the near-surface layers. A
broad bowl with little curvature indicates that the upper layers of the pavement are
stiff in relation to the subgrade. A bowl with the same maximum deflection but high

curvature around the Joading plate indicates that the upper layers are weak in relation
to the subgrade.

A back-analysis procedure is generally adopted to find moduli from an observed
deflection bowl. Once the pavement profile model is established, a forward-analysis
can be carried out to determine the strains for say, a modelled rehabilitation
treatment such as overlay.
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Site Allophane |Allophane 5-7% Allophane<5%
Number Location >7% (High) (Medium) (Low)

1 Okere Falls PP1,PP2

2 Lichfield PP1,PP2

3 Murupara PP1,PP2
4 Waiotapu PP1,PP2
5 Bennydale PP2 PP1

6 Stratford -Ingle PP1,PP2

7 Waitara - Urenui PP1,PP2

8 Whangamonoma PP1,PP2
9 Pio Pio PP1,PP2

10 Hamilton - Cam PP1 PP2
11 Te Pot PP1,PP2
12 Pukekohe PP1,PP2
13 Taupiri PP1 PP2
14 Te Awamutu PP2 PP1

15 Cambridge PP1,PP2

PP =test pit 1, PP2 =fest pit 2

Table 6.1 Results from the Allophane testing

6.4 ELMOD

Back-analysis to determine the subgrade modulus from the FWD data was carried
out using the ELMOD (Evaluation of Layer Moduli and Overlay Design)
programme. ELMOD (Dynatest 1989) is based on the Odemark-Boussinesq
transformed section approach (Ullidtz 1987), and can combine both the back and
forward analysis.

ELMOD has the capacity to analyse non-linear subgrade moduli as stress dependent
(rather then depth dependent from sublayering). Tt will only analyse isotropic
materials. The package only requires one subgrade layer because it uses the
deflections to calculate C and n in the non-linear subgrade modulus relationship:

E=C (o, /c)"
where:
E modulus of elasticity,
C and n are constants,
o 1s the vertical stress and,
o’ 1s a reference stress. -

(6.1)
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The reference stress is introduced to make the equation dimensionally correct, with E
and C then both having the dimensions of stress. The exponent ‘n’ is a measure of
the non-linearity of the subgrade modulus. If ‘n’ is zero the material is linear elastic.
Soft cohesive soils may have an ‘n’ value between —0.3 and —1, indicating the
amount of non-linearity in the soil.

ELMOD analysis can be carried out either with or without knowing the thickness of
the pavement; in this case the depth of the pavement to the subgrade was found from
the test pits and inputted into the analysis.

ELMOD calculates the isotropic modulus of the pavement materials. The Tonkin and
Taylor (1998) report infers that, if the calculated FWD ELMOD subgrade moduli are
to be used in CIRCLY for Austroads pavement design (for anisotropic granular
materials), then the moduli would have to be multiplied by 1.5 to model the vertical
modulus for the subgrade with an anisotropic modulus, Ev + Ej, of 2. The horizontal
modulus would then be calculated from 0.5 x E,,

Relevant results for this project found from the FWD analysis include the modulus of
the subgrade and basecourse, C, subgrade modulus exponent ‘n’, deflection and
stress level.

The results for the subgrade modulus show some variations in value at each site, but
in general are small, so it can be assumed that they are a natural variation along the
length of the pavement. These variations may also be due to volcanic soils within the
basecourse layer clouding the indicated modulus for the subgrade.

Resuits of the subgrade modulus are plotted in Figure 6.1 together with the results of
the in situ CBR.

6.5 FWD Modulus CBR Relationship

It has been documented (Tonkin &Taylor 1998) that the modulus CBR relationship
may vary by a factor of two. Austroads pavement design for granular roads have
suggested using 10 times the CBR for all soils to obtain the vertical anisotropic
modulus, and 6.7 times the CBR value for isotropic modulus. It has been found from
previous reports, Sutherland et al. (1997), that this may not be the case for volcanic
soils.

Traditional pavement design charts and the structural number have been determined
from the measured CBR value. Because of time and money constraints, non-
destructive testing to obtain the modulus of the pavement is now used. However, the
basis of the CBR value is still used to obtain the design and life of the pavement.
Therefore the relationship 10 x CBR, and thus the pavement design, may be correct
for tested CBR values: however, the determination of the CBR from the measured in
situ modulus may not be correct, especially for volcanic soils.

The results from the in situ testing are shown in Figure 6.1. Both the FWD subgrade

modulus and in situ CBR of the subgrade have been plotted. It is apparent that two
relationships can be seen, with a possible third in between.
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It was found that, in general, the sandy pumiceous soils lay near the bottom of the
graph, with the clayey volcanic materials forming the steeper relationship. A linear
regression was carried out and the following correlations found:
Isotropic modulus = 10 x CBR, for clayey volcanic soils (6.2)
Isotropic modulus = 1 x CBR,  for pumiceous sandy soils (6.3)

These relationships are very different from each other and may account for the
reason for the many discrepancies occur in the testing of volcanic soils.

300
250
e/ R? = 0.8307
.
= 200 @ sandy soil
2 4 silty solil
S 150 .
3 . @ clayey soil
(=]
= 100 = brown ash
‘/ .
R? = 0.7024
50 8 . ¥
M M
0 I T T T T T
0 20 40 60 80 100 120
CBR %

Figure 6.1 Graph of FWD Isotropic Modulus versus ix situ CBR for tests.

The R? for the correlations shown on Fig 6.1 are reasonable for a network study.
However for localised areas the relationships may vary somewhat, and therefore the
use in project level tools requires some caution, Patrick and Dongol (2001).

The data obtained from previous projects was also added and plotted on the same
graph, Fig 6.2,

The possible third relationship can now also be seen although not well defined.
Variations with the test data made it difficult to make precise judgements regarding
the relationship. Largely the two main constituents of soil type that could be found
producing this relationship were Silty soil and Brown ash.

Therefore an additional relationship, which will need additional data to define, for
volcanic Brown ash and silty soils is:

Isotropic modulus =3 x CBR (6.4)

Transfund Research Report No. 128 also recommended a relationship of 3 x CBR for
brown ashes.
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Figure 6.2 Graph of Isotropic Modulus versus CBR for current data and
previous data.

A possible reason why this relationship may not be well defined, is that when
remoulded the clayey materials containing the Allophane mineral tend to alter their
particle size distribution into more like a silt, and may therefore lie below the
10 x CBR, and obscures the third relationship.

The possible explanation for relationships in Fig 6.2, may lie in the structure and
grain shape of the volcanic soils. Pumice soils tend to be sandy and have sharp
angular grains which would indicate a high CBR value; however, due to their
structure, under the FWD loading the pumice soils exhibit a high elastic deformation
and therefore low modulus when back-analysis of the FWD results are carried out.
This type of behaviour can be seen in Fig. 6.2. The clayey soils on the other hand are
finer grained and usually exhibit higher water contents, which may lead to lower
CBR values and higher modulus values when dynamically loaded by the FWD. This
relationship can also be seen in Fig 6.2.

Consequently silty soils tend to lie in-between the two relationships owing to being
neither clays or sandy, as would be expected. The brown ash is slightly different in
that is shows a low modulus and a low CBR value. This maybe due to: the Allophane
content, as discussed above, the in situ structure of the soils as pumice, and the fined
grained nature of the soil producing a low CBR. The degree of saturation, an
unknown variable in the in situ CBR test, may affect the results slightly.

The above correlations are not dissimilar to the groups used to select the various site
locations for testing (section 3.3). The pumiceous were mainly sandy soils, and the
Hamilton ashes mostly clayey soils. The Taranaki soils however, which were also
classified in the test pits as clayey, lay closer to the middle correlation together with
the silty soils. Again, this may be due to the behaviour of Allophane, as suggested
above.,

The above relationships are also similar to those presented on Figure 3.1, with the
brown ash largely forming the 3 times relationship. However, the 6 times CBR
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relationship (equation 3.1), is different — this may be due to the presence of the
Allophane changing the psd of the soil as discussed above. In general the presence of
the Allophane material tended to affect the results, in that some variation was found
which affected the correlations — but the content of the mineral did not seem to affect
the results too much.

6.5.1 Summary of the FWD, in situ CBR relationship

The relationships discussed above can be summarised into three subgrades types A,
B, and C:

A: Typically pumice/sandy soils, isotropic modulus = 1 x CBR (eqn. 6.3)
B: Mixture of silty soils and brown ash, isotropic modulus = 3 x CBR
(However, the relationship is not well defined.) (eqn. 6.4)

C: Typically includes clayey ash soils, isotropic modulus = 10 x CBR (eqn.6.2)

6.6 Calculation of Modified Structural Number (SNC)

The modified structural number (SNC) is an indication of the pavement strength and
has been adopted in a number of empirically based pavement design and
deterioration models of organisations such as AASHTO (1986), the Transport and
Road Research Laboratory (1977), and the World Bank (Paterson, 1987).

Structural numbers can be determined using direct or indirect methods. Direct
methods use measurements of the strengths of each of the layers in a pavement and
indirect methods are generally based on deflections of the entire pavement (Patrick
and Dongol 2001).

A number of different ways have been developed, to calculate the structural number.
Some indirect methods however, are based on correlations obtained from back-
calculations (against more direct methods); and have limitations that need to be
understood (Patrick and Dongol 2001).

To determine the SNC using non-destructive methods an indication of the
relationship between CBR and modulus needs to be known.

During a FWD test the deflection of the pavement is back-analysed to obtain a
measurement of modulus of the various pavement layers. The calculated modulus of
the basecourse and subsequent layers can be inputted into the structural number
equation directly, but the subgrade contribution to the strength of the pavement
cannot as it is based on the CBR. The calculated modulus therefore requires to be
converted into a CBR value. As discussed in section 6.5 this relationship for volcanic
soils indicates that it is different to the standard modulus = 10 x CBR usually used
for soils. Factors presented below allow the structural number to be determined for
volcanic subgrades, based on the relationships indicated in section 6.5.
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The structural number, including the additional variable for subgrade strength, is
defined as follows:

SNC =(1/25 4)Z aih; + SNyg (6.5)

where a;=layer coefficient
h; = thickness of layer, mm
SNgg = structural number contribution from the subgrade

a; = ag(By/Eg)"” (6.6)
where ag = layer coefficient of standard materials (AASHTO road test as listed
in Table 6.2)

E; = layer modulus (in this case, from FWD)
E; = modulus of standard materials (AASHTO road test as listed

in Table 6.2)
RESILIENT MODULUS E,
LAYER TYPE LAYER Coe a, (MPa)
Asphalt concrete surface coarse 0.44 3100
Untreated and stabilised base course 0.14 207
Granular Subbase 0.11 104

Table 6.2 Layer coefficients and resilient modulus of standard materials in
AASHTO road test.

The contribution to the structural number from the subgrade was derived by Hodges
et al. (1975).
SN,z = -0.85 (log CBR)* +3.51 (log CBR) ~ 1.43  (6.7)

where CBR = California Bearing Ratio of the subgrade (percent).

Traditionally, when determining the structural number of pavements, the CBR. for the
subgrade has been obtained from the in situ CBR testing. However, faster non-
destructive testing is now being used, such as the FWD test. As the FWD only gives
the modulus of the pavement materials, a relationship between the CBR and FWD
modulus must be obtained to allow equation 6.7 to be calculated. But while
10 x CBR has been used by Austroads, for some volcanic soils this is not applicable.
Patrick and Dongal (2001) also state that care must also be taken when determining
the structural number on volcanic subgrades, in that due to the ‘bouncy’ nature of the
soils cracking may be an issue. They suggest that a second SNP [SNC for thin
pavements] should be derived which may give a better prediction of cracking.
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6.6.1 Factors which the isotropic modulus should be divided by to
obtain CBR for determination of SNC

From the FWD, ir sifu CBR relationship, summarised in section 6.5.1., the table

below gives a factor which the FWD isotropic modulus should be divided by to
obtain a value for CBR which can then be inputted into eqn 6.7.

Volcanic Soil Type A (pumice) B (mixture Silty) C (Clayey)

Factor 1 3 10

I

Table 6.3 Factor for the determination of CBR for SNC calculations

These factors should only be used for the determination of the SNC, as the isotropic
modulus is used.

6.6.2 Steps to obtain the SNC from FWD measurements

Once the FWD testing has been carried out by the back-analysis of the deflection
bowl, the isotropic modulus for each layer can be calculated and subsequently the
CBR of the subgrade can be obtained. Depending on the subgrade type, the factor
from Table 6.3 can be used to obtain the CBR value from the isotropic FWD
modulus. An example is shown in Table 6.4.

Volcanic Soil FWD isotropic Factor from Table 6.3 CBR
Type, section | Modulus MPa (obtained | (Modulus divided by)
6.5.1 from ftesting)
A 50 1 50
B 50 3 16.7
C 50 10 5

Table 6.4 Example of using factors in Table 6.3

Using equation 6.7 the contribution to the pavement strength from the subgrade can
be obtained. Inputting the modulus of the pavement layers into equation 6.6 together
with Table 6.2 the contribution to the strength of the pavement obtained from the
pavement layers can be obtained. The various contributions to the strength are then
summed (equation 6.5) which gives the SNC for that particular pavement.

6.7 Determination of the Anisotropic and Isotropic Modulus for input
into Austroads Pavement Design

For the Austroads pavement design on granular pavements; traditionally the
anisotropic vertical modulus is calculated from 10 x CBR. The isotropic modulus is
calculated from 6.7 x CBR. If these relationships were to be used for pavement
design on volcanic subgrades, due to the ‘bouncy’ nature of volcanic soils that leads
to low FWD modulus, a low CBR would be obtained, and the road may therefore be
over designed. For volcanic soils the following is recommended: that the factor in
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Table 6.5, be multiplied by the CBR to obtain the vertical modulus and isotopic
modulus respectively, which can then be inputted into Austroads pavement design.

Volcanic Soil Type A (pumice) B (mixture Silty) C (Clayey)
Factor Vertical 1.5 =45 15
Modulus

Factor for 1 =3 10
Isotropic Modulus

Table 6.5 Factor to be applied to the CBR to determine the vertical/isotropic
modulus for input into Austroads pavement design.

6.7.1 Example using Factors for Pavement Design

An example of using the factors in Table 6.5 is presented below for determination of
the vertical modulus for the input into Austroads design.

Volcanic Soil Type, | CBR Factor from Table 6.5 Anisotropic vertical
section 6.5.1 (CBR multiplied by) modulus MPa
A 50 1.5 75
B 16.7 4.5 75
C 5 15 75

Table 6.6 Example of using the factors in Table 6.5 to determine the anisotopic
vertical modulus.

6.8 Maodification to T&T deflection based assessment of structural
number

To estimate indirectly the SNC or (SNP for thin pavements) Patrick and Dongal
(2001) recommended that the T&T method (Salt and Stevens, 2001) be used for
network surveys, as it was derived using typical New Zealand pavements. The
method requires no information regarding the thickness of the pavement or the soils
properties; only the deflection bowl measurements. The equation used is

SNP = 112 (Do) ®+ 47(Dg-Doos) ™ — 56(Dg-Dysao) * — 0.4 (6.8)
However, to derive this equation equation 6.7 was used together with the standard
relationship for the Modulus CBR, defined by Emery and used in the AASHTO
method 1 (1986) where equation 6.9 was used which may not be applicable to
volcanic soils.

Eg; = 41.19 CBR*¥ (6.9)
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The different relationships for the CBR modulus presented for the different volcanic
subgrade types will affect the CBR calculated for equation 6.7, and therefore will
also affect the T&T equation 6.8.

To try and obtain an approximate solution to this problem so that equation 6.8 could
be used on volcanic soils, the SNsg [calculated from equation 6.7] difference
between using Emery’s equation (6.9), and the relationships for volcanic soils, was
plotted, Fig.6.3.
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Fig 6.3 Comparison with the T&T method

Fig 6.3 shows two relationships for volcanic soils (the third was not used as it was
not well defined). The difference between the CBR = Mod x 0.1 (clayey) and Emery
(equation 6.9) is small, and with the T&T equation (6.8) the error is of a similar
magnitude and therefore within its limits.

However, for the CBR = Mod x 1 relationship (pumice) the difference is larger,
between 1 and 2. To enable equation 6.8 to be used on pumiceous soils on a network
level this difference will have to be taken into account. It is proposed to use the
average 1.5 difference and add this to equation 6.8, giving equation 6.10:

SNP = 112 (Do) *’ + 47(Dy-Doo) ™ — 56(Do-Dysgo) > + 1.1 (6.10)
This relationship is not an exact fit but should be sufficient for network surveys. If a

more exact fit is required the fundamental equations should be used, using i# situ
CBR.
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7 Summary and Conclusions

Volcanic soils tend to produce larger elastic deformations when a dynamic load is
applied compared to non-volcanic soils. At present the CBR is calculated from the
vertical modulus by dividing by ten, or 6.7 in the case of isotropic modulus or using
Emery’s equation. However, past studies have indicated that this may not be
applicable to volcanic soils. By using the relationship above, a low value for
subgrade CBR is produced, giving a low structural number resulting in an under-
prediction of the life of the pavement in dTIMS. Conversely, if that low subgrade
CBR were used for pavement design, the pavement would be over-designed. In order
to determine a relationship for voleanic soils, between the FWD modulus and in situ
CBR, 15 test sites were located and tested.

It has been found that deposits of volcanic soils are extensive over the North Tsland.
Past work has indicated that some volcanic soils are sensitive to remoulding due to
the oxidation of iron, which forms a matrix within the soil. During remoulding this
matrix breaks down causing a drop in strength of the soil. Volcanic soils containing
the mineral Allophane also expel water when remoulded and the soil particles form
aggregations, and effectively change the psd of the soil to one more silty.

The different behaviour of volcanic soils to non-volcanic soils therefore depends
largely on the minerals present within the soil.

The engineering properties of volcanic soils are variable due to their amount of
weathering, minerals and remoulding. A classification of volcanic soils based on
their geological description was presented and 15 sites were selected based on the
location of past work. Testing at each site included two test pits with measurements
of scala and in sifu CBR. FWD testing was also carried out.

The subgrade modulus, obtained from the FWD tests (via ELMOD), was plotted on a
graph with 7» situ CBR. The following relationships were obtained for volcanic soils.
A: Typically pumice/sandy soils, Isotropic Modulus = 1 x CBR
B: Mixture of silty soils and brown ashes, Isotropic Modulus = 3 x CBR
(However the relationship is not well defined) '
C: Typically includes clayey ash soils, Isotropic Modulus = 10 x CBR

These relationships can then be to be used in pavement deterioration modelling and
pavement design. Factors were presented which related the modulus to CBR for
structural number modelling, and CBR to vertical modulus for pavement design,
Table 6.3 and 6.5,

The procedure for determining the Structural Number of pavements on volcanic
subgrades using the presented CBR, modulus relationships was presented. A
modification to the deflection bowl based on the T&T method was also proposed,
(equation 6.10), which allowed the structural number to be estimated on pumice
volcanic subgrades.
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8 Recommendations

It is recommended that on volcanic soils a possible correlation between the FWD
modulus and in situ CBR for volcanic soils on a network basis maybe:

Isotropic Modulus = 1 x CBR, typically for pumice/sandy soils,

e Isotropic Modulus = 3 x CBR, mixture of silty soils and brown ash,
(However, the relationship is not well defined)

e Isotropic Modulus = 10 x CBR, typically includes clayey ash soils,

e That the above correlations be used to determine the CBR, which can be
then used to calculate the SNC.

*  That within the above relationship the modulus should be multiplied by 1.5
to obtain the vertical anisotropic modulus for use in Austroads design.

e That the T&T method for network surveys should be modified by the
addition of 1.5, when using on pumice subgrades.

e  That further research be performed to define the relationship between the
FWD modulus and in situ CBR for volcanic silty soils.
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VOLCANIC SQILS PROJECT
LOCATION MAP
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VOLCANIC SOILS PROJECT
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Project : Volcanic Soils Project

Location: As shown

Client : OPUS International Consultants Ltd.

Contractor : N/A

Sampled by : OPUS Laboratory Staff

Date sampled : April/May 2001 INTERNATIONAL
Sampling method : NZS 4407: 1991, Test 2.4.8.2 “
Sample condition: Natural

Date recejved : April/May 2001

Clienf'Ref No:

Site: 1. Okere Falls 2. Lichfield 3. Murupara 4. Waiotapu
Location: Okere Road Vospers Road Golf Road Jay Raod
Sample ID: PFP1 PP2 PPl Pr2 PPl PP2 PPl Pp2
Liquid Limit Non Non 84 88 Non Non Non Non
Plastic Limit Plastic | Plastic | See Note1|See Notel! Plastic Plastic Plastic Plastic
Plasticity Index || (Sand) (Sand) NP NP (Sand) {Sand) {Sand) (Sand)
Site: 5. Bennydale 6. Strat - Inglewcod j| 7, Waitara - Urenui 8. Whangamomona
Location: SH30 Tariki Road Upper Epiha Road 543
Sample 1Dy PP1 PP2 PP1 PpP2 PPi PP2 PP1 PP2
Liquid Limit 109 Non Non 84 53 112 48 31
Plastic Limit 56 Plastic Plastic 55 See Note 1 68 32 24
Plasticity Index 53 {(Sand) {Sand) 29 NP 44 16 7
Site: 9. Pio Pio 10. Ham - Cambridge 11. Te Poi 12. Pukekohe
Location: Mairoa Road Day Road Stopfords Road Coles Road
Sample ID: PPl PP2. PP1 PP2 Pr1 Fr2 Pl PP2
Liguid Limit 182 129 92 82 93 96 111 105
Plastic Limit 107 98 67 60 57 37 60 41
Plasticity Index 75 31 25 22 36 39 51 64
Site: 13. Taupiri 14. Te Awamutu 15. Cambridge
Location: Jew Road Bowman Road Peake Road
Sample [D; PP1 rp2 PP Pr2 PP PP2
Liquid Limit 72 48 Non Non 49 77
Plastie Limit 35 23 Plastic Plastic 28 60
Plasticity Index 37 25 {Sand) (Sand) 21 17 i

Liquid Limit, NZS 4402 : 1986, Test 2.2 1. Unable to roll to specified dimensions.

Plastic Limit, NZ5 4402 : 1986, Test 2.3 2. NP=Non Plastic

Plasticity Index, NZS 4402 : 1986, Test 2.4 _

Date tested : June 2001 This report may only be reproduced in full

Date reported : 05/07/01

e 20 All tests reporied herein
i : . L . have been perfarmed in
[ANZ Approved Signatory P S j accordance with the
! Rt o £ faboratory’s scope of
: : , - . . . . - B o accreditation
Designation Senior Civil Engineering Technician 5 Tbaratony

Date :
C5F 2101 (12/98)

05/07/01
Pagelofl

| Opus International Consuitants Limitad
¢ Hamilion Laboraiory
i Quality Managemen! Systems Certified o 1SO 9001

| Fox Strest
{ Private Bag 3057
i Hamilion, New Zealand

: Telephone +64 7 856 2670
i Facsimile +64 7 656 2873
i Website wyav.opus.co.nz



PAVEMENT INVESTIGATION LOG |
TEST REPORT .

Project : Volcanic Soils Project (Site 1, Okere)

Location : Okere Rd @ 60m LES OWT

Client : Opus International Consultants Lid

Contractor : N/A

Sampled by : A Ingoe. (Opus Laboratory, Hamilton)

Date Sampled 23/04/01 Consuirants

Sampling method : NZS 4407 : 1991 Test 2.4.8.2

Sample condition : Natural Project No : 5-22480.00

Pavement pit number: 1t Lab Ref No : 01/310/001/1
Client RefNo - Okere PP1L

-Depth’ '

Pavement Desctipfion:
fmm} . L

Scdla Penetrometer

0 |CHIPSEAL
Grade 3. Worn, slightly flushed.

Blows / 100mm

G 12 3 4 5 8 7 8 8§ 101112 13

50 {BASECOURSE
Greyish brown Gravelly fine to medium grained

pumice SAND, gravels subrounded/fine to medium
grained, dense, moist, non plastic.

300 |SUBGRADE

Brown Silty fine 10 medium SAND, quartz/pumice
intermixed, Joose, meist, non plastic.
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450 {END OF PIT
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2,00 2 .
2 4 6 B 10 13 15 18 20 23 26 28 0
Test Depth 500 Inferred CBR %
. ) CBR ¥ 5
Ensitu CBR Test Results Penetrat/in(m , fgm
Water Content % 173 Subgrade Density

Basecousse sample not recovered. Push wbe resu‘ltg at: 350mm
Subbase sample not recovered. Wet density (1/m’} : 1.49
Subgrade sample recovered at: 350 - 450mm. Dry density (tm™ : 1.2?
Denth at_scalz penetromerer started : 350mm. W/IC%: 17.3
Test Nicthads Notes

Determination of Penetration Resistance of a Soil, NZ§ 4402 : 1988, Test 6.5.2
Insim Density, sampling wbe method, NZ8 4402 : 1986, Test 5.1.3

California Bearing Ratio {insitn), NZ8 4402: 1988, Test 6.1.3

inferred CBR vajues taken from Aunstroads pavement desien manual 1992

IANZ Accreditation does not apply 1o
inferred CBR values or pavement descriptions

Date tested : 23/04/01
Date reported ; 27/04/01

TANZ Approved Sign}-t{?‘/ffnfr f__..__..__ 7

Sampling and testing is covered by TANZ Acereditation
This report may oaly be reproduced in full

® Tests indicated as
nof accraditated are
o : outsida the scope
ﬁn g of the laboratory's
é igi;gr;ént-y accreditation

Page 1 of |

7 b

Designation : L&borar‘om%mmger

‘ S T
Date : 2704/ 0F
Date : {04/
CSF 1667 (2/01}
{ Opus Infemational Consultants Limited i Fox Street
i Hamilton Laboralory { Private Bag 3057

i Oualty Management Syslems Certifed io SO 9001 i Hamilton, New Zealand

¢ Telephone +64 7 B56 2870
i Facsimile +64 7 858 2873
i Websife www.opus.co.nz



PAVEMENT INVESTIGAS
TEST REPORT

TONLOG

Project : Volcanic Soils Project (Site 1, Okere)
Location : Okere Rd @ 180m:LHS OWT
Chent : Opus International Consultants Lid
Contractor : N/A
Sampled by : A Ingoe. (Opus Laboratory, Hamilton)
Date Sampled : 23/04/01 consuirants
Sampling method : NZS 4407 : 1991 Test 2.4.8.2
Sample condition : Natural Project No : 5-22480.00
Pavement pit number: 2 . Lab Ref No : 01/310/001/1
- Client Ref No : Okere P12 !

Depth Pavernent D eseription Scala Penetrometer

fmm} F Blows / 100mm

¢ |CHIPSEAL

Grade 3. Wom, slightly flushed.

h
L=

BASECOURSE

Greyish brown Gravelly fine to medium grained
pumice SAND, gravels subrounded/fine to medium
grained, some clasts of brown Silty Sand intermixed,
dense, maist, non plastic.

400

SUBGRADE

Brown Cravelly fine to medium pumice SAND,
abundant fing rounded pumice gravels, loose,
mweist, non plastc

L
L
o

END OF PIT

0 1.2 3 4 5 &8 7 8 9 10 11 12 13

0.00 + e e e
£ — o - .
; /ﬂ : ; I : R
0.20 £ —— : e
A i _
| i i o
040 -4t -
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060 —ftm e
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E 080 M e -
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F10mmom o
140 — e
_._.-___;___fr.....f..ﬂ,.. PP
i ; -
1.50 .5___;.__5%_1______'__, _—
T -
1 R S -
L i 4 -
2.00 !

2 4 6 B 1D 13 16 18 20 23 26 23 30

Test Deptn 4400 Inferred CBR %
. CBR Y
Insitu CBR Test Results CBR % 45
Penetration 2.5mm Suberade Densi
Water Content % 20.9 grade Density
Basecourse sample not recovered, Push Tube result at : 240mm
Subbasa sample not recoverad. Wet densitv (t/m”) ; .41
Stbgrade sample recovered at : 440 - 330mm. Dry density (t/m*) : 1.16
Denth at which scalz penstrometer started @ 440mm. W/C%: 20.9
Test Méthods Notes

Determination of Penetration Resistance of a Soil, NZS 4402 : 1988, Test 6.5.2
Insttu Density, sampling wbe method, NZS 4402 : 1986, Test 5.1.3

California Bearing Ratio {insitu), NZS 4402: 1988, Test 6.1.3

Inferred CBR values 1zaken from Ausiroads pavement desien mannal 1962

IANZ Accreditation doss not apply 1©
inferred CBR values or pavement descriptions

Daie tested :
Dawe reportad :

TANZ Approved SigW ™

esigmation :
Date :
CSF 2067 {2101}

23/04/01
27/04/01

-*——-—-—n——-? F AN 20
Li;‘:bomz  Manager oA
2601 o
- €;

zboracory

Sampling and testing is covered by IANZ Accreditation
This report may only be reproduced in fil)

Tests Indicated as
noi accreditated are
outside the scope
of the lanoratory's
accraditation

Page | of !

! Opus international Consuitants Limifed

i Hamilfon Laboratory

{ Cualty Managament Systems Cerdiiad fo iSO 9001

{ Fox Street
{ Private Bag 3057
{ Hamilion, New Zzaland

! Telephons +64 7 856 2870
Facsimile +64 7 856 2873
i Website www.opus.co.nz




Valcanic Soil Project Site 1: Okere Falls Project No: 5-22480.00
Lab Ref No: 01/310/001/1

Okere Road
Pavement Pit 1
@ 60m LHS, OWT

Okere Road
Pavement Pit 2

@ 180m LHS, OWT
i Opus International Consultants Limited i Fox Straef | Telephone +64 7 856 2870
i Hamilion Laboraiory i Privaie Bag 3057 i Facsimite +64 7 836 2672

Quality Management Systems Cerlified fo 180 5001

Hamitton, Naw Zealand | Websitz www.opus.co.nz



PAVEMENT INVESTIGATION LOG

TEST REPORT
Project : Voleanic Soils Project (Site 2, Lichfield)
Location : Vespers Rd @ 60m LHS OWT
Client : Opus International Consultants Ltd
Contractor : N/A
Sampled by : A Tngoe. (Opus Laboratory, Hamilton)
Date Sampled : 24/04/01 Cowsuttants
Sampling method : NZS 44067 : 1991 Test 2.4.8.2
Sample condition : Natural Project No : 5-22480.00
Pavement pit number : 1 Lab Ref No : 01/310/001/2

Client Ref No . Lichfield PP1

Depth Pavement Description Scala Penetrometer
{mm} Blows 7 100mm
0 |CHIPSEAL 0123 4 5 6 7 8 910 11 12 13
Grade 4. Sound. 000 T T ; .
N i ‘ "
23 |BASECQURSE] LA ] —-
AP 40. Fresh to stightly weathered angular 0.20 K : ; i -
GREYWACKE, well graded, medium dense, N = -
moist, non plastic, B N )
0.40 b L -
100 |SUBBASE L B
Light greyish brown Gravelly fine SAND, R R
some Silt, Gravels sub-rounded/fine w medivm 0.60 —
grained, medium dense, dry, non plastic. == -
220 |OLD CHIPSEAL LAVER 2 om0 T
‘é. -
250 |BASECOURSE ;5
GAP 40. Moderately to highly weathered 5 100
GREYWACKE/Silty SAND conglomerate, £
medium dense, moist, slighly plastic 2
5 120 -
390 [SUBGRADE Q
Light brown STLT/fine SAND mixture, some : i
black organic Silt intermixed in top 160mm, 140 N - .
soft, slightly moist, non plastic. R M -
600 "[END OF PIT P -
180 "*-—T‘__‘:* e T
___%___E_ i
2.00 .

4 6 8 10 1318 18 20 23 26 28 a0

2
T Depth Y Tqm— inferred CBR %
T R’ Y
Insitu CBR Test Results B A‘ 16
Penetration 2.5mm Suborade Density
Water Conient % 66.9 il
Basecourse sample not recovered, Push Tube result at: 4£40mm
Subbase sample not recovered. Wert density (tm’) : 1.30
Subgrade sample recovered at . 440 - 600mm. Drv density (Ym’) ; 0.78
Denth at which scala penerrometer started : 440mm. W/C%: 66.9
Test Methods Notes

Determipation of Penetration Resistance of a Soil, NZS 4402 - 1988, Test 6.5.2
insiv Density, sampling ube method, NZS 4402 : 1986, Test 5.1.3

California Bearing Ratio (insitu), NZS 4402: 1988, Test 6.1.3

Inferred CBR values taken from Ausiroads pavement dasion manual 1992

[ANZ Accreditatior does notapply to
mferred CBR values or pavement descripiions

Date tested : 24/04/01
Date reported : 277040

Sampling and testing is covered by TANZ Accreditation
This report may oniy be reproduced in full

w1 R Q3 . /_\\ i :_;’ﬁ-:__..._......_w I
IANZ A‘pp* aved blgnatﬂ"jl - P = 20 Tests indicated as

) . J ) not accraditated are
Designation : Labon{ztmwamger 0 4 outsids the scope

- L J.“ " of the laboratory's
Dete - 27/04/01 [t ST _
CSF 2067 (2401 Page | of i
! Opus iniernational Consultanis Limited i Fox Stres! | Teigphone +64 7 856 2870
i Hiamifion Laboratory { Private Bag 3057 Facsimile +84 7 856 2873

i Ousfily Managemen! Systems Carified o 150 5007 Hamilton, New Zsaland

i Website www.opus.conz



PAVEMENT INVESTIGATION LOG
TEST REPORT =

Project :

Location :

Client :
Contractor :
Sampled by :

Date Sampled :
Sampling methed ;
Sample condition. :

Pavement pit number :

Volcanic Soils Project (Site 2, Lichfield)
Vospers Rd @ 120m LHS OWT

Opus International Consultants Lid
N/A

A Ingoee. (Opus Laboratory, Hamilton)
24/04/01

NZS 4407 1 1991 Test 2.4.8.2

Natural
i

IHTEANATIORAL
COMNSULTANTS

Préjeet No:
Eab Ref No :
'Client Ref No.:

5-22480.00
01/310/001/2
Lichficld PP2

Grade 4, Sound.

30 |BASECOURSE

AP 40. Fresh to siightly weathered anguiar
GREYWACKE, well graded, medivm dense,
moist, non plastic.

90 ISUBBASE

Light pinkish greyish Gravelly fine SAND,
some 3ilt, Gravels sub-rounded/fine to medium
grained, chipseal intermixed from 140mns,
medium dense, dry, non plastic.

390 |SUBGRADE

Yeilow brown homogeneous fine Sandy
SILT, firm, moist, non plastic.

490 |END OF PIT

Depth. Pavement Des cripition Seala Penetrometer
{mm) . : Blows / 100mm
0 CHIPSEAL

01 2 3 4 5 8 7 8 & 10 41 iz 13

0.00 ‘mgi—= — -
- : . J [ ———
0.20 N S
0.40 .,,.__._._.__..-_.f___.-_,. I
N
; .
prd—— H Tt
2.60 — —
S e ——
E 080 ———N -
3 SN S
3 e ~
5 100 ‘ - -
z : !
5
g —-w—:-‘—“-‘:uw—--—_-——- S
BT -

2 4 8 8 10 13 18 18 20 23 26 28 30

Test Teptn EyTT— inferred CBR %
. ‘ R
Tnsitn CBR: Test Resulis CB A’ 1
Penetration 2.5mm Siberade D“nsity
Water Content % 61.5 ) = ¥
Basecourse sample not recovered. Push Tube resulg at: 340mmm
Subbase sample not recovered. Wet density (tm™) ; 1.38
Subgrade sample recovered at: 340 - 490mm. Dirv densitv (t/m>) : 0.85
Depth at which scala penetrometer started : 340mm. W/ C%: 61.3
Test Methods

|Notes

Determination of Penewation Resistance of a Soit, NZS 4402 : 1988, Test 6.5.2
Insitu Density, sampiing mbe method, NZS 4402 ; 1986, Test 5.1.3

Catifornia Bearing Ratio {insitu), NZS 4402: 1988, Test 6.1.3

Inferred CBR valuss iaken from Austroads pavement desien manual 1992

TANZ Accreditation does not apply to
inferred CBR values or pavement descriptions

Date tested :
Date reported :

Designation :
Daze :
CSF 2067 (2/01)

24/94/01
27704101
IANZ Approved Sigt}ﬂiao?}*/_\x P e -

ey

Laboratops Manager

2]Q4m

Sampling and testing is covered by JANZ Accreditation
This report may only be reproduced in full

/-ﬂ-v—-c—o—-—-—-—-»7“—"‘"" 20

Y (O);

é lnborat_u;‘f'

Tesis indicated as
net accraditated are
cutside the scope
of the iaboratory's
accraditation

i Opus infernational Consuliants Limitsd

i Hamilton Laboratory

i Quality Menagemen! Systems Gerlifed lo /S0 9601

| Fox Sires!
i Privats Bag 3057
{ Hamilion, Naw Zzaland

Page | of 1

! Telophone +54 7 856 2870
i Facsimile +64 7 856 2673
i Websiis www.opus.conz




Volcanic Soil Project Site 2: Lichfield Project No: 5-22480.00
Lab Ref No: 01,/310/001 /2

S b g

Vospers Road
Pavement Pit 1
@ 60m LHS, OWT

Vospers Road
Pavement Pit 2
@ 120m LHS, OWT

Opus internafional Cansultanis Limited

Hamifton Laboratory
Cuality Manacsmant Systems Cerifiad fo 1SO 9001

Fox Sirest
Private Bag 3057
Hamilton, New Zealand

Tefaphone +64 7 856 2870
Facsimile +64 7 856 2873
Website www.opus.co.nz




PAVEMENT INVESTIGATION LOG
TEST REPORT

Project :

Location :

Client :

Contractor :
Sampled by :

Date Sampled :
Sampling method :

Vaicanic Soils Project (Site 3, Murupara)
Golf Rd @ 20m LHS OWT

Opus International Consultants Lid

N/A

B. Lorcet (Opus Laboratory, Rotorua)
10/04/01

NZS 4407 : 1991 Test 2.4.8.2

ITNTERNATIONAL
COHSULTAHTS

" Sample condition : Naturat Project No : 5-22480.00
Pavement pit number : 1 Lab Ref No : 01/310/6013
'Client Ref Np 5 Murupara PP1
Depth Pavement Deseription Scala Penetrometer
{mm) : Blows / 100mm

0 |{CHIPSEAL

Grade 3, flushed

40 |BASECOURSE

AP 40. Rounded, poorly graded, excess SAND, some
Gravel, moderately dense, dry, non plastic.

SUBGRADE

Light brown fine to medium pumice SAND, loose,
moist, non plastc.

350 |END OF PIT

2 3 45 6 7 8 8 10111213

LU A S SN,
0.60 =ttt L L

-1 -

e e e

/
!
H

|
|

|

i

Depth befow end al pit (in)
P
[ =]

S
<

1.60 4 I
1,80 - : - I
ey S R
2 4 8 8 10 15 16 18 20 23 26 28 30
Test DEpth T50mm Inferred CBR %
o,
Insitu CBR Test Resulis CBR A’ 50
Penetration 2.5mm Suberade Densit
Water Content % 18.6 i Y
Basecourse sample not recovered. Fush Tube result at: 150mm
Subbase sampie not recovered. Wet density (t/m) ; 1,29
Subgrade sample v:covered at ; 350 - £50mm. Dry density (tm’} 1.09
Depth at scala penetrometer started : 350mm, W/ C % 18.6
Test Methods Noles

Derermination of Penetration Resistance of a Soil, NZS 4402 ; 1988, Test 6.5.2

Insite Density, sampling wbe method, NZS 4402 : 1986, Test 5.1.3
Califomia Bearing Ratio (insite), NZS 4402: 1988, Test 6.1.3
Inferred CBR values taken from Austroads pavement design manunal 1992

IANZ Accreditation

does not applv to
Dpiy

inferred CBR values or pavement descriptions

Date tested : 10/04/01 Sampling and testing is covered by JANZ Accrediiation
Date reporied ; 01/05/01 This report may only be reproduced in fuli
T \ras I . /‘T——\.. e el A .
IANZ APpY oved Slgnﬂ ry / T A 0 Tests indicated as
. i frrmalg not accreditated are

Designation ; Lakoratory Manager D) outside the scaps

K - A of the laboratory's
Date: 03f :7'18/!/ g'f;g;;’:—;é:; accreditation )
CSF 2087 (2601) Page | of |
! Opus Internafional Gonsulants Limited ! Fox Sirest i Telephone +64 7 856 2876

i Hamilton Laboratory
i Qusfy Managament Systems Cedified io IS0 5007

! Private Bag 3057
i Hamilion, New Zealand

| Facsimile +64 7 356 2673
i Websiie www.oous.conz



PAVEMENT INVESTIGATION LE

Project : ‘ Voleanic Soils Project (Site 3, Murupara)
Location : Golf Rd @ 160m LHS OWT
Client : Opus International Consultants Ltd
Contractor : N/A
Sampled by : B. Loreet (Opus Laboratory, Rotorua) '
Date Sampled : 16/04/01 consuLrants
Sampling method : NZS 44067 : 1991 Test 2.4.8.2
Sample condition : Natural Project No : 5-22480.00
Pavement pit number: 2 Lab Ref No : 01/310/001/3
Client Ref No : Murupara PP2
DEP_ Pavement Description _ Scala Penetrometer
(mm) . o . L e Blows r100mm
C |CHIPSEAL O 1 2 345 8 7 8 8 10 11 12 13
Grade 3, flushed et i -
40 |BASECOURSE I -
AP 40. Rounded, poorly graded, excess SAND, some 0.20 -0k -
Gravel, moderately dense, dry, non plastic. T
190 |SUBBASE )
Dark grey medivm to fine Siliy SAND, moderately TN T
dense, moist, non plastic. - T
0.66 +— — —
230 |SUBGRADE — -
Light brown fine t0 medium pumice SAND, loose, TN oo R
moist, non plastic. Z o0 N }
320 {END OF BIT R
R e———
5 - T
3 A e i s i s g
5120 -
140 Sy b D
1 : ‘ - -
1.60 T ORI,
i 1 | B
180 it : - -
i | o
; i i N o
2.00 - ‘
2 4 8 8 10 13 16 18 20 23 26 28 30
Test Depth 330 inferred CBR %
. , CBR %
Insitu CBR Test Results R % 40
Penetration Z.5mm Suberade Densi
Water Content % 15.2 srace sity
Basecourse samyple not recovered. Push Tube resuit_ at: 230mm
Subbase sample not recovered. Wet density (t/m’) : 1.29
Subgrade sample recovered at: 230 - 320mm. Dry density (thm™) - 1.09
Deoth at which scala penetrometer started : 230mum. W/iC%: 15.2
Test Methods Notes

Determination of Peuetration Resistance of 2 Soil, NZS 4402 : 1088, Test 6.5.2
Insitn Density, sampling nibe method, NZS 4402 : 1986, Test5.1.3

California Bearing Ratio (insitu), NZS 4402: 1988, Test 6.1.3

inferred CBR values wken from Auvstroads navement desion manual 1992
Date tested : 10/04/01

Date reported : 01705101

IANZ Accreditation does not 2pply 1o
inferred CBR values or pavement descriptions

Sampling and tesiing is covered hy IANZ Accreditation
This report may only be reproduced in full

: ~ 7 = -
T4 A . ,5{./_\ = TN AN
IL‘-NZ‘ "ipp! Ove{j S!gl’_f o y - ; 2 Tasis indicatad as
. , ; net accreditaied are

Designation : Lc,b\ci;%zozg» Manager i? outsids the scope

. e of the fabaratory's
Date : 01/05701 5; laboratory accreditation
CSF 2067 (2001} Page | of |
Opus International Consuliants Limited Fox Sireet Telephone +64 7 856 2670
i Hamiltorr Laboraiory ¢ Private Bag 3057 { Facsimile +64 7 8552873

| Cuafity Mansgemen! Svstems Certilied ta 150 8001 Hamifion, New Zealand i Wehsila WWW.OpUS. CO.NZ




PAVEMENT INVESTIGATION LOG

=
o
<
'

TEST REPORYT
Project : Volcanic Solls Project (Site 4, Waiotapu)
Location : Jay Road @ 60m LHS OWT
Client : Opus International Consultants Ltd
Contractor : N/A
Sampled by : A Ingoe. (Opus Laboratory, Hamilton)
Date Sampled : 23/04/01 Conmtuitanes
Sampling method : NZS 4407 : 1991 Test 2.4.8.2
Sample condition : Natural Project No : 5-22480.00
Pavement pit number;: 1 Lab Ref No : 01/310/001/4
CHent Ref No : Waistapu PR1
Depth Pavement Description Scala Penefrometer
(mm) , Blows 7 100mm
0 |CHIPSEAL 01 2 3435 6 7 8 g 1011 12 13
Grade 4/5. Slightly fiushed, generally sound, LR — ; : S
20 {BASECOURSE
AP 40. Slightly weathered, subrounded river run 0.2¢ -
GREYWACKE, excess Siity SAND, medium dense, T
moist, non plastic. N
D40 i
200 |SUBGRADE ;
Light brown Gravelly fine pumice SAND, .
Gravels rounded/fine 1o medium grained, 0.60 — :
dense, dry, non plastic.
350 |END OF PIT AN

[
=
i
i

Depth below end of pid (m)

2 10 13 16 18 20 23 26 28 30

H
2 4 B i
. 2 i
Test Depth S0Cmm inferred CBR % !
. CBR % j
Insitu CBR Test Results Penetrqt/ioon 5 gr?}m
Water Content % 42.8 Subgrade Density
Basecourse sample not recavered, Push Tube resuitat : 200mm
Subbase sample not recovered, Wet density (tm’) : 1.28
Subgrade sample recovered 1t : 200 - 390mm. Dry density (t/m™) ; 0.90
Desth at which scala penerometer started - 200mm. W/C%: 42.8
Test Methods Notes

insite Density, sampling mbe method, NZS 4407 1986, Test 5.1.3
California Bearing Ratio (insiw), NZS 4402; 1088, Test6.1.3
Inferred CBR values taken from Austroads pavement design manual 1992

Determination of Penetration Resistance of & Soil, NZS 4402 : 1988, Test 6.5.2

IANZ Accreditation does not apply o
inferred CBR values or pavement descriptions

Date tested : 23/04/01
Date reported : 27/04/01

Sampling and testing is covered by IANZ Accredittion
This report may only be reproduced in full

- . - T ot e .
LANZ Approved Signators i £ e Fests ndicatet s
. . [ o~ not acereditated arg
Designation : : ai)@cyz iy Manager autside the scope
A a7 of the lahoratory's
Date : SHOR/0] accraditalion
CSF 3067 {2/61) Page | of |
| Opus international Consultants Limited | Fox Streat ! Telephone +64 7 856 2870
i Hamilton Laboralory | Private Bag 3057 i Facsimile +64 7 858 2873

i Ouality Management Systems Certified 1o 150 9001 i Mamifton, New Zzaland

| Website www.opus.co.nz




PAVEMENT INVESTIGATION LOG

TEST REPORT
Project : Voleanie Soils Project (Site 4, Waiotapu)
Location : Jay Road @ 160m LHS OWT
Client Opus International Consultants Ltd
Contractor : N/A
Sampled by : A Ingoe. (Opus Laboratory, Hamilton) :
Date Sampled : 23/04/01 Conal oAl
Sampling method : NZS 4407 : 1991 Test 2.4.8.2
Sample condition : Natural Project No : 5.22480.00
Pavement pit number : 2 Lab Ref No : $1/310/001/4
Client Ref No ; Waiotapu PP2
Depth Pavement Description i Scala Penetrometer
{mm) Blows 7 100mm
CHIFSEAL 0 1 23 4 5 8 7 8 9 10 1% 12 13
Grade 4/5. Slightly flushed, generally sound. ‘ - -
25 BASECOURSE

AP 40. Slightly weathered, subrounded river run
GREYWACKE, excess Silty SAND, medium dense,
moist, non plastic.

{70 |SUBGRADE

Dark brown grading to light brown Gravelly
fine pumice SAND, Gravels rounded/fine to
meciurn grained, dense, dry, non plasiic.

3%0¢ |END QF PIT ’g
§ 1.00 4 - \ -
E‘ 120t —

2,00 ; L
2 4 & B 10 13 16 18 20 23 26 28 30
Test Depth T7amm Inferred CBR %
. . . BR 9 55
Tnsitu CBR Test Results o 2
Water Content % 380 Subgrade Density
Basecourse sample noti recovered. Push Tube resultat: 175mm
Subbase sampie not recovered. Wer density (¢m’) : 1.22
Subgrade sampie recoverad at : 175 - 390mm. Drv density {t/m”) : 0.88
Depth at which scala venetrometer started : 175mm. W/ C%: 38.9
Test Methods ‘ . ‘ Notes
Determination of Penatration Resistance of a Soil, NZS 4403 © 1988, Test 6.5.2

IANZ Accreditation does not apply

Insitu Density, samipling tubs method, NZS 4402 : 1986, Test5.1.3 inferred CBR values ar pavemenr descriptions

California Bearing Ratio (insitn}, NZS 4402: 1988, Test 6.1.3

Inferred CBR values taken from Auswoads pavement desien manual 1992
Date tested : 23/04/01

Date reparted : 27/04/01

Sampiing and testing is covered by LANZ. Accreditation
This report may only be reproduced in full

IANZ Approved S'om’t/r/-:\ e
LA bp 1SuHtery - = Tests indicated as
. . netaccreditaled ara
Designation : Laborgzdiy Manager outsida the scops
Date : 2700 of the iabaratory's
[= . <

accreditation
CS8F 2067 (2/013

Page i of |

{ Gpus International Consufiants Limited Fox Sirest
! Hamilton Laboratory ¢ Frivate Bag 3057
i Qualiy Management Systems Cartifiad 1o 150 9001 i Hamilton, New Zealand

| Telephone +64 7 856 2870
| Facsimile +64 7 858 2673
i Website www.opus.co.nz



Volcanic Soil Project Site 4: Waiotapu Project No: 5-22480.00
Lab Ref No: 01/310/001/4

Jay Itoad
Pavement Pit 1
@ 60m LHS, OWT

PROJECT: Voluune 9ok Tresd.
LOCATION: T?r,h{ Ld B4
SH._~ RpP:_-

DATE: _n-0u-01 PP Ng: 2_
PROJECT No: s-22k80-0g

LAB REF No:

Jay Road
Pavement Pit 2
@ 160m LHS, OWT

i Opus Internalional Consultants Limifed
! Hemillon Laboratory
Quality Management Sysiems Cerfifiad to 150 9001

rox Strest
Private Bag 3057
Hamilton, New Zealand

Telzphons +64 7 856 2870
Facsimile +64 7 856 2873
Website www.opus.co.nz




PAVEMENT INVESTIGATION LOG

Project : Voleanic Soils Project (Site 3, Bennydale)
Location : SH30 @ 60m RHS OWT

Client : Opus International Consultants Ltd
Contractor : N/A

Sampled by : |

A Ingoe. (Opus Laboratory, Hamilton)

Date Sampled : 26/04/01 ConsoLTANTS
Sampling method ; NZS 4407 : 1991 Test 2.4.8.2
Sample condition : Natural Project No : 5-22480.00
Pavement pit number ; 1 Lab RefNo: 01/310/001/5
Client Ref No : Bennydate PPI
Depth Pavement Des cription Scala Penefrometer
(mm) . Blows / 100mm
{0 |CHIPSEAL 01 23 45 8 7 8 9 1011 12 13
Grade 3/4. Wom, flushed, some ruting. 0.00 e ———— e -
N -
30 |BASECOURSE £ !
GAP 40, Slightly weathered angular GREYWACKE. 0.20 .-
excess Sandy SILT, some Clay & old chipseal intermixed, : ' - -
medium dense, moist, slightly plastic. ! R
0.40 o : I
300 |SUBBASE ! i e -
Brown Clayey SILT, stff, moist, slightly plasic. | | S e "
]
0.60 -t i
360 |SUBGRADE . e
Yeltow brown homogeneous SILT, rare Clay, TN T -
soft, wet, very slightly plastic. £ 0.0 - V\ L s
630 |END OF PIT I
5 10 — - -
g 120 : - =
1.80 4 - e
2.00 - : —
2 4 8 B 10 13 16 16 20 23 26 28 30
Tovt D&pth 50 tnierred CBR 4%
[+]
insitu CBR Test Results ng::aé’m 5 {}?mm
Water Content % G3.4 Subgrade Density
Basecourse sample not recovered. Pusk Tube result at : 490mm
Subbase sample not recovered. Wet density (t/m) : 134
Subgrade sample recovered at : 490 - 630mm. ory densitv (tm°) 0.69
Denth at wirich scala penetrometer started : 490mm. W/C% ., 93.4
Test Methods Notes

Determinatior of Penetration Resistance of a Soil, NZS 4402 : 1988, Test 6.5.2
Insitu Denstty, sampling tube method, NZS 2402 : 1986, Test5.1.3

California Bearing Rato {insitn), NZS 4402: 1988, Test6.1.3

Inferred CBR values taken from Austroads pavement desien manual 19972

IANZ Accreditation does not apply to
inferred CBR values or pavement descriprions

Date iestad ; 26/04/01
Date reporied : 27104101

IANZ Approved Sign?:{-y‘\ N el S .

oy =

Designation : Lc‘_borm 9 Manager

Date -

27/048/01

CSF 2067 (2/01)

g )
ir lzboratary

Sampling and testing is covered by IANZ Accreditation
This report may oniy be vepraduced in full

Tests indicated as
noi accreditated are
outside the scope
of the lanoratory's
accoreditation

! Opus International Consultants Limitad i Fox Street
i Hamiffon Laboratory i Privaie Bag 3057
i Qualty Managemant Systems Cortifad fo IS0 9001 Hamilion, New Zealand

Page | of |

i Telephone +64 7 856 287G
i racsimile +54 7 86 2873
i Websile www.opus.co.nz




PAVEMENT INVESTIGATION LOG
TEST REPORT

Project : Voleanic Soils Project (Site 5, Bennydale)
Location : SH30 @ 140m RHS OWT
Client : Opus International Consultants Lid
Contractor : WA
Sampled by ; A Ingoe. (Opus Laboratory, Hamilton)
Date Sampled : 26/04/01 EansuLTanTs
Sampling method : NZS 4407 : 1991 Test 2.4.8.2
Sample condition : Natural Project No : 5-22480.00
Pavement pit number : 2 Lab RefNo : 01/310/601/5
Client Ref No:; Bennydale PP2
Depth Pavement D escription Schla Penetrometer
{mm) ! . . ) . Blows / 100min
0 CHIPSEAL 012345678910111213
Grade 3/4. Worn, fiushed, some TEtting. 0.00 pmeg— T e
e~ el
35 |BASECOURSE N N o
GAP 40. Stightly weathered angufar GREYWACKE, 020 i

excess Sandy SILT, some Clay & old chipseal intermixed,
medium dense, moist, slightly plastic.

180 |SUBBASE I

Dark Yellow brown Silty CLAY, some aggregates R A oo
intermixed, $4ff, dry, highly plastic. 0.60 - ‘

260 'SUBBASE I —— ; —! — e
Brown / black Gravelly SILT, Gravels aneular/ :
medium grained, stiff, moist, non plastic,

e

=

=
-

410 |SUBGRADE

Light browa: Gravelly fine to medium pumice SAND
loose, dry, non plastic.

N
=

Depth below end of pit {m)
=
(=)
:

590 |END OF PIT

|
2.00 —
2 4 8 8 10 13 16 18 20 23 28 28 30
Test Depth A2 Omcm Inferrsd CBR %
. B [)
insitu CBR Test Results Peiﬂ::at/;’on 5 a‘liun
Water Content % 0.4 , Sitbgrade Density

Basecourse sample not recovered. Push Tube result at ; 420mm
Subbase sampie not recovered. Wet density (tm™ : 1.03
Subgrade sample recovered at : 420 - 590mm. Drv density (Vm™) £.66
Denth ar which scala venetrometer started : 420mm. W/iC%: 60.4
Test. Methods Notes
Determination of Penetration Resistance of & Soil, NZS 2403 : 1988, Test 6.3.2 IANZ Accredilation does not apply to
Insizn Density, sampling whe method, NZS 4402 : 1986, Test 5.1.3 inferred CBR valugs or pavement descriptions
California Bearing Ratio {insitu), NZS 4402: 1988, Test 6.1.3
Inferred CBR vaiues taken from Ausoads pavemeni desien manual 1992
Date tested : 26/04/01 Sampling and testing is covered by IANZ. Acereditation
Dare reported : 27704701 This report may only be reproduced in fuls

LANZ, Approved Signatory _///f“ f_:_.______/_? i

Tests indicated as

net acoreditated are
Designation : Lalj }(.!I(JJ Y Manager outsids the scope )
. £ ot of the taboratory's
Date " ’)7/04 l.;;b»of-;gc;ry accreditation
CSF 2067 (2/01) Page 1 of |
| Opus International Consuliants Limited i Fox Streal ! Telephone +64 7 856 2670
i Hamifion Laboratory i Private Bag 3057 i Facsimile +64 7 856 2873

i Quality Manegsment Systems Centifad lo /SC 900 i Hamlifon, New Zealand i Wehsite www.opus.co.nz



Volcanic Soil Project Site 5: Bennydale Project No: 5-22480.00
Lab Ref No: 01/310/001/5

LAR REF No:
v COMMENTS: OMT

SH 30
Pavement Pit 1
@ 60m RHS, OWT

SH 30
Pavement Pit 2
@ 140m RHS, OWT
i Opus Iniernational Consuitants Limited | Fox Strest i Telephone +64 7 856 2870
! Hamilion Laboratory ¢ Privere Bag 3037 | Facsimile +64 7 856 2872

i CQualiy Management Systems Certified fo IS0 900+ { Hamifton, New Zealand i Website www.opus.co.nz




Project

Volcanic Soils Project {Site 6, Stratford - Inglewood)
Location : Tariki Rd @ 80m RHS OWT
Client : Opus International Consultants Ltd
Contractor N/A
Sampled by : V Rowe. {Opus Laboratory, New Plymouth)
Date Sampled H 04/04/01 INTERNATIONAL
Sampling method : NZS 4407 : 1991 Test 2.4.8.2 emuTaNT
Sample condition : Natural 5:23480:00.
Pavement pit number : 1 03/316/00176
Diepth|
{mui) KRNI I Blows / 100mm
i] CHIPSEAL ¢ 1 2 3 4 5 6 7 B 910111213
Grade 3. 0.00 [ [ : -
N o ! .
25 |BASECOURSE / : ) : N
AF 40. Welt graded, very firm, stabilised. 0.20 . ( — - - -
A I
100 |SUBBASE Y S .
AP 40. Finely graded, contaminated, firm. 240 /}t_ i
cA T
190 |SUBBASEII ; ! : R
AP 65. Well graded, firm. 0.60 | ‘ L e
T S o S
43¢ |SUBGRADE {Natural) i ' -
Light brown Silty CLAY, soft, moist, moderately plastic, Eos : . .
.ji_ U
530 |END OF PIT : : e
1.0 : :
2 L -
0 —
& H i :
140 ' '
160 3 A P
BT S et -
N S T T O
180 i e
209 4 i | : ; . o
2 4 6 B 40 13 16 18 20 23 26 28 30
- Tost Depth To0mmn Inferred CBR 5%
. .. - : 4, =
InsitwiCBR Test Restilts paiR 3 I
e y Water Content % 65.9 G Subg,r 4 <‘D¢QSIW
Basecourse sample not recovered. TFush tube results at : 430mm
Subbase sampie not recovered. Wet density (t/m?) : 1.51
Subgrade sample recoverad at: 430 - 530mn. Dry density (t/m’) : 0.91
Depth at_scala penetrometer started : 430mm. W/C%: 65.9
FestMethods e z . Notes b o
Determination of Penetration Resistance of a Sofl, NZS 4402 : 1985, Test 6.5.2 TANZ Acereditation does not apply to
Insitu Density, sampling tube method, NZS 4402 : 1984, Test5.1.3 inferred CBR values or pavement descriptions
California Bearing Ratio (insit), NZS 4402; 1988, Tast6.1.3
Inferred CBR values taken from Austroads pavement desirn pianual 1592
Date tested : 04/04/01 Sampling and testing is covered by IANZ Accreditation
Datereported: 18/04/01 This report may oniy be reproduced in full
P N 2 »
IANZ Approved Signatory 2Pl N A Tests indicated as
{ net agcreditated are
Designation LabvratoryAianager o outside the scope
R e i % f the iaboratery’s
Date : 01705701 £ s accmatation
CSF2067 (2/01) Page 1 of 1
Opus International Consultants Limited Fox Sirset ! Teleohone 64 7 856 2676
i Hamilion Laboratory i Prvate Bag 3057 Facsimile +64 7 836 2873

i Quality Management Systems Ceriified o 150 8001 Hamition, New Zealand

i Website www.opus.co.nz




Project: Volcanic Soils Project (Site 6, Stratford - Inglewood)

Location : Tariki Rd @ 160m RHS OWT

Clent ; Opus Internationai Consultants Led

Contractor : N/A

Sampled by : V' Rowe. (Opus Laboratory, New Plymouth)

Date Sampled : D4/04/01 INTERNATIONAL
Sampling method : NZS 4407 : 1991 Test 2.4.8.2 T
Sample condition Natural ProjectNoi  :owedh

Pavement pit number : 2

EEEIN
(o). i v teaen oyl
0 |CHIFSEAL 0 1 2 3 45 8 7 8 9 4011 42 13
Grade 3. .00 T e
N T —
25 |BASECOURSE L b ]
AP 40, Weli graded, very firm, stabilised. 0.20 ! — -
i L K
110 |OLD CHIPSEAL i ! C ‘ . i}
49 4 : - ‘
130 {BASECOURSEII ; e —
AP 40. Pit metal, finely graded, loose. : e R I
060 < e S Y am
330 |SUBGRADE {Natural) : e matlet
Dark brown Silty CLAY, firm to soft, moist, i T oo
moderately plastic, 080 4 — L e
430 |END OF PIT { —
100 :

Depth below end of pit {m)

1.20 i -
140 - oot .
i ] f ‘ : : R -““: .
160 - - e
L T
1.50 : _
e A L S
2 4 5 8 10 13 16 18 20 23 25 28 30
- o Test Depﬂ’l 330 Inferred CBR %
Sy £ G D L

Insitu CER st Rasidlfs’ paii B v lp——

_ e Yater Content % 58.1 SR iSHhS?aé'E-'@enszty
Basecourse sample not recavered. Push tube resulis at : 330mm
Subbase sample not recovered. Wet density (t/ 1113} : 1.39
Subgrade sample recovered at : 330 - 430mm. Dry density (t/ms) : 1.00
Depth at_scala penetrometer started : 320mn1, W/ C%: 08.1
TestiMethiods " Lk ATotEs
Determination of Penetration Resistance of a Soil, NZS 4402 : 1988, Test 6,

IANZ Acéreditatién does not appiy o
Insitu Density, sampling tube method, NZS 4402 : 1986, Test 5.1.3 inferred CBR values or pavement descriptions
California Bearing Ratio (insitu), NZ5 4402: 1988, Test 6.1.3

Inferred CBR values taken from Austroads pavement design manual 1992

Date tested : 04/04/01 Sampling and testing is covered by IANZ Accreditation
Date reported :  18/04/01 This report may only be reproduced in full
I il y only P
. o P 7 et
IAMZ Approved Signafory 1\ T - Tests indicated as
A P nof accrecitated are

Designation : Laboratory Manager outside he scope

. o1 M‘T of the labaratory's
Date: A % Wborateey  acoraditation
CSF 2067 (2/01) Pagelof1
Opus International Consultants Limited i Fox Sireat i Telephone +84 7 856 2870
i Hamilion Laboratory ¢ Privale Bag 3057 { Facsimile +84 7 856 2673

j Quatty Managemen! Systems Cenfied to IS0 5061 i Hamifton, New Zealand | Website WHWW.ODUS. 0.2




Volcanic Soil Project Site 6: Stratford to Inelewood Project No: 5-22480.00

Lab Ref No: 01/310/001/6

Tariki Road
Pavement Pit 1
@ 80m RHS, OWT

Tarilci Road
Pavement Pit 2

@ 160m RHS, OWT
! Opus International Consultants Limited ! Fox Sirest Telephonz +84 7 856 2670
! Hamition Laboratory ¢ Privale Bag 3057 Facsimile +64 7 856 2873

i Quality Management Syslems Certified lo 150 5001 { Hamitton, New Zealand Website www.opus.co.nz



PAVEMENT INVESTIGATION LOGE

Project : Volcanic Soils Project (Site 7, Waitara - Urenui)
Location : Upper Epiha Rd @ 80m LHS OWT
Client : Opus International Consultants Ltd
Contractor : N/A
Sampled by : V Rowe. (Opus Laboratory, New Plymouth)
Date Sampled : 04/04/03 AR
Sampling method : NZS 4407 : 1991 Test 2.4.8.2
Sample condition : Natural Project No : 5-22480.00
Pavement pit number: 1 Lab Ref No : 01/310/001/7
Client Ref No ; Waitara - Urenui PPI
Depth Pavement Description __ Scala Penetrometer
(mm} _ . , Blows / 100mm
0 CHIPSEAL 0 1 2 3 45 8 7 8 8§ 1011 12 13
Grade 3. 0.00 bt ‘ -

30 {BASECOQURSE

AP 65. Finely graded, contaminated, loose, 020
200 SUBGRADE (Natural)

Daxle brown Sandy CLAY, some Silt, suff, 0.40

dry, slightly plastic. ;

300 [END OF PIT

0.60 -

E o0
z
s
=
5 100
]
2
¥ 120
fal
146 -
1.66
1.0 :
r : ' B
200 — P L
2 4 8 8 10 13 16 18 20 23 26 28 30
(a5t Depth S O inferred CBR %
o CBR %
Insitu CBR Test Results N 30
Penetration 3.0mm ‘ Subgrade Density
Water Content % 33.6 = o
Basscourse sample not recovered. Push whbe results at : 200mm
Subbase sampie not recoveread. Wet density (t/mf) : 1.9¢
Subgrade sample recovered at : 200 - 300mm. Drv density (t/m”) - 1.42
Depth at_scala penetrometer started : 200mm. W/ C % 33.6
Test Methads |Notes

Determination of Penetration Resistance of 2 Soil, NZS 4402 : 1088, Test 6.5.2
Insitu Density, sampling tube method, NZS 4402 : 1986, Test 5.1.3

California Bearing Ratio {insitu), NZS 4402: 1988, Test 6.1.3

Inferred CBR values taken from Austroads pavement design manual 1992
Date tested ; 04/04/01

Date reporied : 18/04/01

IANZ Accreditation does not apply 10
inferred CBR values or pavement descriptions

Sampling and testing is covered by iANZ Accreditation
This report may only be reproduced in full

T, —

H e R A P il -~
IANZ Approved Signagofy T rosts nticatod

) . ; not accraditatod ara
Designation : Laporatop Manager g outside the scope

. = — of {he laboratory's

Date : OI)D‘” 4 i‘;bpratc;:‘-y zcerediation
CSF 2067 (2001 Page | of 1
Gpugintemaﬁona[ Consultants Limitad Fox Sireat Telephons +64 7 B5E 2870
i Hamiiton Laboratory { Privaie Bag 3057

{ Facsimile +84 7 856 2873

i Qualily Manzgemen! Sysiems Carlified (o 150 5007 i Website wiw, opus.conz

i Hamitton, New Zesiand



PAVEMENT INVESTIGATION LOC
L BESTREPORT .. . 3

Project : Voleanic Soils Project (Site 7, Waitara - Urenui)
Location : Upper Epiha Rd @ 160m LHS OWT
Client : Gpus International Consultants Ltd
Contractor : N/A
Sarnpled by : V Rowe. (Opus Laboratory, New Plymouth)
Date Sampled : 04/04/01 ConayaTanaL
Sampling method : NZS 4407 : 1991 Test 2.4.8.2
Sample condition : Natural Project No : 5-22486.00
Pavement pit number: 2 Lab RefNo : 01/310/001/7
Client Ref No:: Waitara - Urenui PP2
Depth Pavemeit Deseription Scala Penefrometer
{mm) .. . L . . Blows / 10Gmm
0 |CHIPSEAL 0 1 2 3 45 6 7 8 & 01112 13
Grade 3. 000 g T oo
! [ .-
45 |[BASECOURSE A I R S
AP 65. Finely graded, contaminated, loose, 0.20 +—h ! - — .2
! / 1 N s .
210 |SUBGRADE (Natural) LY ; e
Light brown silty CLAY, firm, moist, moderately plastic, 040 )’: -
T T T
310 |END OF PIT S N sl
0.60 - N : -
E oo : ; : .
;? IS A S
8§ 500 b L
H
%l _—
£ }
- NI S R =
160 -t -
o f
I | -
1.80 i : .
2.00 _
2 4 8 & 10 13 18 18 20 23 25 28 30
Test Depth T Orom Inferred CBR %
0,
Insitu CBR Test Results Pe?::: at/iunn 5 glim
Water Content % 29.4 Subgrade Density
Basecourse sample not recoverad. Push tube results at ; 210mm
Subbase sample net recovered. Wt density (#m’) . 1.52
Stbgrade sample recavered at : 210 - 300mm. Dry density (t/m™) : 0.85
Denth at_scala penetrometer started : 2 10mm. W/C%: 79 4
Test Methods Notes

Determination of Penatration Resistance of a Soil, NZS 4402 ; 1988, Test 6.5.2
Insitu Density, sampling tube method, NZS 4402 : 1686, Test 5.1.3
Califormia Bearing Ratio {insitu), NZS 4402: 1988, Test 6.1.3

Inferred CBR values taken from Austroads pavenient desioen manuzl 1992
Date tested : (4/04/01

Date reported ; 15/04/01

IANZ Accreditation does not appiy ¢
inferred CBR values or pavement descriptions

Sampling and testing is covered by IANZ, Accreditation
This report may only be reproduced in full

e -
o N Fam CE LA

A TRT - - e -

IANZ Approved mgn::;uf3/ — 20 & Tests indicated a5

) ) 4 nof accraditated are

Designation : chéggu ry Manager ¥ 115} outsida the scope
o = ' Aot of the laboratory's

Dae : 01/05/01 g]nh;;ntnr.'y accreditation

CSF 2067 (3/01) Page 1 oT i

! Opus imernational Consulianis Limjted
Hamiiton Laboratory
i Qualty Management Syslams Carlified to 150 5051

{ Fox Bireei
| Private Bag 3057
i Hamiffon, New Zealand

i Telephone +54 7 836 2870
i Facsimile +64 7 856 2673
! Website www.opus.co.nz




Volcanic Seil Project Site 7: Waitara to Urenui

Project No: 5-22480.00
Lab Ref No: 01/310/001/7

Upper Epihia Road
Pavement Pit 1
@ 80m [L.HS, OWT

Upper Epihia Road
Pavement Pit 2
@ 160m LHS, OWT
{ Opus international Consultants Limited | Fox Strest Telaphone +64 7 855 2870
| Hamilton Laboratory | Private Bag 3057

. Facsimile +64 7 856 2673
i Websfle www.opus.co.nz

i Quallty Managamsnt Systems Certified lo 1SO 5061 Hamition, New Zealand






PAVEMENT INVESTIGATION LOG

TEST REPORT .
Project : Volcanic Soils Project (Site 8, Whangamomona)
Location : SH43 @ 100 RAS OWT
Client : Opus International Consultants Ltd
Contractor : N/A
Sampled by : V Rowe. (Opus Laboratory, New Plymouth)
Date Sampled : 10/04/01 Cangytonat
Sampling method : NZS8 4407 ; 1991 Test 2.4.8.2
Sample condition : Natural Project No : 5-22480.00
Pavement pit number : 2 Lab Ref No : 01/310/001/8
Client RefNo» Whangamomona PP2
Depth Pavemen‘t.]}escripﬁon : Seala Penetrometer '
(mm) Blows / 100mm
0 |CHIPSEAL 6 1 23 435 8 7 8 9 10 11 12 13
Grade 3. 0.00 — .

20 |BASECOURSE
AP 40. Well graded, firm.

100 jSUBBASE

AP 65. Finely graded, firm.

310 |SUBGRADE (Natural)
Brown/grey Clayey SILT, firm, moist, moderately plastic.

410 |END OF PIT

Bepth below end of pit {1n)
=
=1

L0

1.80 -

2.00 L
2 4 % B 1013 15 18 20 23 28 28 20
Tt Depth 310 inferred CBR %
0 ol
Insitu CBR Test Results D;iﬁ’aﬁon 5 51:1111
Water Content % 23.4 Subgrade Densrfy

Basecourse sample not recovered. Push tube resulis at: 30mm
Subbase sample not recovered. Wet density (t/m°) : 2.02
Subgrade sample recovered at: 310 - 410mm. Drv density (t/m®) - i.63
Denth at_scala penetrometer startad : 3] Omm. W/C % 234
Test Methods . Notes
Determination of Penetration Resistance of 4 Soil, NZS 4402 : 1988, Test6.5.2 IANZ Accreditation does not apply w©

insitu Density, sampling wie method, NZS 4402 - 1986, Test 3.1.3
California Bearing Ratio (insitu), NZS 4402: 1988, Test 6.1.3

Inferred CBR values taken from Austroads pavement degiom manual 1992
Date tested : 10/04/01

Date reported 18/04/01

inferred CBR vaiues or pavement descriptions

Sampling and testing is covered by IANZ Accreditation
This report may only be reproduced in Tull

<N
oy el @1 A A g
IANZ ADP? oved b!gf Aoy s ?f?‘? e / ﬁ'" Tests indicated as
not aceraditated are
outside ths scope
oot of the laboratery's
i ixboratory a¢creditation

Designation : Ligbora, » Manager
Date : OO

CSF 2067 (201) Page ] of |

; Opus International Consuitants Limiled Fox Street Telephons +64 7 856 2670
i Hamiiton Laboratory i Private Bag 3057 ¢ Facsimile +64 7 856 2873
i Qualty Managemen! Systems Certifiad 12 10 8001 i Hamillon, New Zealand | Websiia www.o DUS.CO.NZ




Volcanic Soil Project Site 8: Whangamomona

Project No: 5-22480.00
Lab Ref No: 01/310/001/8

SH 43
Pavement Pit 1
@ 20m RHS, OWT

SH 43
Pavement Pit 2
@ 100m RHS, OWT
Opus International Consufianis Limited Fox Slreet Telephone +64 7 858 2870
i Hamiiton Laboralory ¢ Private Bag 3057

Facsimile +84 7 856 2873

Quaiity Management Systems Certitied to 1SQ 3001 Website www.opus.co.nz

i Hamilton, New Zealand




PAVEMENT INVESTIGATION LOG
TESTREPORT ... 1

Project : Volcanic Soils Project (Site 9, Pio Pio)

Location : Mairoa Rd @ 160m RHS OWT

Client : Opus International Consnltants Ltd

Contractor N/A

Sampled by : A Ingoe. (Opus Laboratory, Hamilton)

Date S'ampled : 26/04/01 L”::’;’;‘:’T‘::::

Sampling method : NZS 4407 : 1991 Test 2.4.8.2

Sample condition : Naturat Project No: : 5:22480.00

Pavement pit number: 1 Lah Ref No : 01/310/001/9

 Clieit Ref No ; Pio PioPP1
Depth Pavement Das G‘fipﬁbll Scala Penetrometer
{nnn) s . . Blows / 100mm
0 CHIPSEAL 01 2 3 4 5 &8 7 & ¢ 1011 12 12
Grade 4. Worn, some flushing. 0.00 g T i e
20 |BASECOUTSE ‘ I
AP 40. Slightly weathered angular GREYWACKE. €.20 +— — —————p -
Dense, moist, well graded. T T e
140 |SUBBASE 040 | I —— D

GAPGS5. Moderately weathered angular GREYWACKE — : e me o
excess Clayey SILT, some old chipseal intermixed C i R
{80 - 260mm}, rare 80mm: subanguiar cobbles, dense, 0,60 e N i e -
moist, non plastic. — N : s

360 ISUBGRADE

;v
_.!I,_
W

Dark orange brown lomogeneous Clayey
SILT, firm, moist, slightiy plastic.

510 |END OF PIT

Depil: belew end of pit (in)
P
(=3
13

¥
<

1.40 +
- T
160 s
I o
1.80 Lot . - -
L ; : ""
S . —
2.00 r [
2 4 8 8 10 13 15 18 20 23 26 28 30
Test Depth 300 Inferred CBR %
i)
Insite CBR Fest Resulis CBR A’ 2 e
Penetration 2.5mm Suberade Density
‘Water Content % 112.5 ubgrade Density
Basecourse sampile not recovered. Push Tube resulrat: 400aum
Subbase sample not recovered. Wet density (tm’) ; 1.08
Subgrade sample recovered at: 400 - 510mm. Drv density (t/m’) ; : 0.31
Depth at which scala penetrometer started : 400mm. W/IC%: 1125
Test Methods ] : Notes
Determination of Penetration Resistance of z Sofl, NZS 4402 ; 1938, Test6.5.2

1ANZ Accreditation does not apply two

Insim Density, sampling tube method, NZS 4402 : 1986, Test 5.1.3 inferred CBR vaiues or pavement descriptions

California Bearing Ratio (ingitu), NZ3 4402: 1988, Test 6.1.3
Inferred CBR values taken from Austoads pavement desion manual 1692
Date tested : 26/04/01

Date reported : 27/04/01

Sampling and testing is covered by IANZ. Acereditation
This repor{ may only be reproduced in full

RN i
TANT & ) ey . " e
IANZ Approvead Slgnﬂ.‘%ﬁ‘ ¥ 4 ~ 0 Tests indicated as
. ) I not accraditatad are
Designation : LaboratoryManager G g outsids the scope
B 9 i A - B of the laboratery's
Date - 27/04 é?t:\bnrnto.—y acereditation
CSF 2067 (2/01) Page 1 of |
Gpu.? infem:armnal Consultants Limited Fa_x Sireat ! Telephone +84 7 856 2870
Hanmilton Laboratory i Private Bag 8057 :

: Facsimile +54 7 855 2873

Quality Managermen! Systems Gariified to 156 9007 ! Websit WWW.OOLS. 0017

| Hamilion, New Zealand



PAVEMENT INVESTIGATION LOG
TESTREPORT . .. .. .
Project : Volcanic Soils Project (Site 9, Pio Pio)
Location : Mairoa Rd @ 180m RHS OWT
Client : Opus International Consultants Ltd
Contractor : N/A
Sampled by : A Ingoe. (Opus Laboratory, Hamilton) :
Date Sampled : 26/04/01 Consuirans
Sampling method : NZS 4407 : 1991 Test 2.4,8.2
Sampie condition : Natural Broject No : 5-22480.00 5
Pavement pit number : 2 Lab:Ref No : 01/310/601/%
Client RefNo: Pio Pio PP2 !
Depth Paverent Deséiiption Séala Penetrometer
{mm) N Blows / 100mm
0 |CHIPSEAL 01 2 3 45 6 7 8 2 10 11 42 13
Grade 4. Worn, flushed. 8.00 e R P A
“L¢7 N S
20 |BASECOURSE LA -
GAP63, Moderately weathered angular GREYWACKE, 0.28 45— ' : — -
excess Clayey SILT, some old chipseal, dense, moist, ; ; : ] :_ i
non plastic. s TR
W
£.40 - —f— -
300 {SUBGRADE S A -
Yellow brown homogeneous SILT, firm, T S
moist, non plastic. 0.60 - T a— -
. — : ; ——
430 IEND OF PIT _ P o
.‘.‘.‘=‘ - - .
5 -
z N
3 _
g e
: i B
14C At ; -
— j— —
S T e B D
- — - :
150 s R
T : = o
2400 ! -
2 4 6 8 10 1316 18 20 23 26 28 30
Test Depth 3o inferred CBR %
'S o,
Insitu CBR Test Results Pe:}:t}:aﬁon 5 anm
Water Content % 70.9 Subgrade Density
Basecourse sample not recovered. Push Tube resuit at : 270mm
+ 1Subbase sample not recovered. Wet densitv (¢/m™) 1.35
Subgrade sample recovered at : 270 - 430mm. Drv density (tm’) 0.79
Denth ar which scala penerometer started : 270mm. W/ C%: 708
Test Methods . Notes

Determination of Penetration Resiswance of a Soil, NZS 4402 : 1958, Test 6.5.7
Insitu Density, sampling twbe method, NZS 4402 : 1986, Test 5.1.3

California Bearing Ratio (insita}, NZS 4402: 1988, Test 6.1.3

Inferred CBR values taken from Austroads pavement desian manual 1992
Date tested ; 26/04/01

Date reported : 27/04/01

TANZ Accreditation does not apply ©
infesred CBR values or pavement descriptions

Sampling and testing is covered by IANZ Accreditation
This report may only be reproduced in full

. = P
IANZ Approved Szgna‘{oﬁ;—-\\f s Ty A

Tests indicated as

. .- r not accraditated are
Designation : Langraiery Manager oLsie the scope
Daze - 27404101 e of (e laboratory's

Inboratary accreditation
CSF 2067 {2/} .PZ‘.‘D

| Opus internationai Consuftants Limited
i Hamilton: Laboratory
i Quality Management Systems Certitied I 150 8007

i Fox Sireet i Telephone +84 7 856 2870
Privale Bag 3057 ! Facsimile +64 7 856 28753
{ Harniiton, New Zealand { Website www.opus.co.nz




Volcanic Soil Project Site 9: Pio Pio Project No: 5-22480.00
Lab Ref No: 01/310/001/9

Mairoa Road
Paverment Pit 1
@ 100m RHS, OWT

Mairoa Road
Pavement Pit 2
@ 180m RHS, OWT
Qpus Infernational Consuitants Limited i Fox Strest i Telephone +64 7 856 2870
Hamitfon Laboraiory i Privale Bag 3057 i Facsimile +64 7 856 2873
Cualtty Managemeni Systems Cerfified 1o SO 9001 Hamifior, New Zealand { Websiie www.opus.conz



PAVEMENT INVESTIGATION LOG
_IEST REPORT

Project : Voleanic Soils Project (Site 10, Hamilton - Cambridge)
Location : Day Road @ 20m LHS OWT
Client : Opus International Consultants Lid
Contractor : N/A
Sampled by : R.8.Warner. (Opus Laboratory, Hamilton) '
Date Sampled : 05/04/01 oy N
Sampling method : NZS 4407 : 1991 Test 2.4.8.2
Sample condition : Natural Project No : 5-12480.00
Pavement pit number : 1 Lab RefNo: 1/310/001710
Clisitt Ref No, : ) Ham-Cam: PP1
Depth Pavement Des cr‘ip’fi"cn’ Scala Penetrometer
(mrm) - . Blows/ 1D0mm
0 |CHIPSEAL 12345 87 8 810111213
Grade 3/ 6. Worn, sound, 0.00 e e e
20 |BASECOURSE 7 L .
GAP 40. Fresh, angular GREYWACKE, well graded Silty 0.20 e -
SAND, moderately dense, slightly moist, non plastic, T
250 |SUBBASE 0.40 - .
GAP 65. Fresh ta slightly weathered, angujar
GREYWACKE, slight excess SAND, some Silt, ; _
maderaiely dense, moist, non plastic. 0.60 -
480 |SUBGRADE : T oo
Orangs Clayey SILT, soft to firm, moist, stightly plastic. Zose !
z — -
600 TEND OF PIT O ; T
g .
Fa—
140 ——: —— —_—
2 4 6 8 10 1316 18 20 23 26 28 0
Test Depth 3000 Inferred CBR %
[t]
Insite CBR. Test Results CB}? A’ .8
Penstration 5.0mm Subgrade Density
Water Content % 68.1 e Ensity
Basecourse sample not recovered, Push Tube resultat: 500mm
Subbase sample not recovered. Wet density {t/m™ : 1.49
Subgrade sample recovered at : 500 - 600mm. Drv density (tm™) ; 4.89
Denth at which scalu penetrometer started : 500mm, WiC%: 68. 1
Test Methods - Notes .
Determination of Penatration Resistance of a Soil, NZS 4402 : 1988, Test 6.5.0

IANZ Accreditation does niot apply to

Insitu Density, sampling tube method, NZS 4402 - 1986, Test5.1.3 inferred CBR values or pavement descriptions

Califomnia Bearing Ratio (insitu), NZS 4402: 1988, Test 6.1.3
Inferred CBR values taken from Austroads navement design manual 1992
Date tested : 05/04/01

Date reported : 06/04/01

Sampling and testing is covered by IANZ Acereditation
This report may only be reproduced in full

o TN L - 7

IANZ ApprOVEd aignatpr},f k mm/’ T B Tests indicaied as

. , . r 7 not aceraditated ara
Designation : chbarc_z_r_qpﬂ Manager ok otitsids the scope
Date - 06/04)0] gm‘m‘m“‘ of the laboratary's

i dr izhoratory  accreditation

CSF 2067 12/01) Page | of 1
i Opus International Consultants !imiied i Fox Stres! . Telaphons +84 7 856 2870
{ Hamilton Laboratory i Private Bag 3057 !

| Facsimile +64 7 858 2575
i Website www.opus.conz

i Qually Menagemsn! Sysiems Certiiisd 1o 1SC 2001 Hamilton, Nevr Zeatand




PAVEMENT INVESTIGATION LOG

TEST REPORT. .
Project : Voleanic Soils Project (Site 10, Hamilton - Cambridge)
Location : Day Road @ 80m LHS OWT
Client Opus International Consultants Lid
Contractor : N/A
Sampled by : R.S.Warner. (Opus Laboratory, Hamilton)
Date Sampled : 05/04/01 ARl
Sampling method : NZS 4407 : 1991 Test 2.4.8.2
Sample condition : Natural Project No : 5-22480.00
Pavement pit number: 2 Lab RefNo : 01/310/001/10
Cliext Ref No : Ham - Cam PPz
Depth Pavement Déscription Scala Penetrometer
{mm) . _ . Blows / 100imm

0 |CHIPSEAL
Grade 3/ 6. Worn, sound.

8 8 7 8 9 10 11 1213

Grange clayey SILT, soft to firm, moist, slighty plastic.

0.00 ~i 1 - -
H P T - -
20 |BASECOURSE i a/ : i
GAP 40. Fresh, angular GREYWACKE, well graded Silty 0.20 - ——
SAND, moderately dense, slightly moist, non plastic. : o
N | .
240 ISUBBASE 040 — —t—i—3 mree
GAP 65. Fresh to siightly weathered, angular : : o
GREYWACKE, slight excess SAND, some Silt, L ot i
maderately dense, moist, non plastic. 060 A e
400 |SUBGRADE r -

ot
G
<
i
.
'

560 |END OF PIT

Duepth belew end of pit (m)
o
o

1.20 < L o

Insitn Density, sampling mbe method, NZS 4402 ; 1986, Test5.1.3
California Bearing Ratio (insitn), NZS 4402; 1988, Test 6.1.3
Inferred CBR values taken from Austroads pavement desizn manual 1992

150
— ;
180 bk - —
2.00 : N
2 4 6 8 10 13 16 18 20 23 26 28 20
Test Depth 420mm Inferred CBR %
. BR °
Insitu CBR Test Results Pecnefj at/iﬂon 5 Sinm
‘Whater Content % 58.8 ' Subgrade Density
Basscourse sample not recovered, Push Tube resuitar 420mm
Subbase sample not recovered. Wet density (t/m’) - L57
Subgrade sample recovered at : 420 - 560mm.. Dry density (/m’) ; 0.99
Denth at which scala penemometer started ; 420mm. W/C%: 58.8
Test Methods Notes
Determmation of Penswration Resistance of a Soil, NZS 4402 ; 1088, Test6.5.2

IANZ Accredimation does notapply w
inferred CBR values or pavement descriptions

Date tested : 05/04/01
Date reported : 06/04/01

1ANZ Approved Signai’ér/y\\ T

Sampling and testing is covered by IANZ Acereditation
This report may only be reproduced in full

T e Lams 2 Tesis indicated as
- net acoreditated are

. . A i . fa outsida the scope
Pesignation : Laboratefy Manager g : of the faboratory’s
n . i t s Lebond i e i
vate 06 D1 i boratory accreditation
C3F 2067 (2/01) Page 1 of |
Opus internatlenal Consulfanis Limited | Fox Sirast Telephone <84 7 855 2870
i Ramilfon Laboratory Private Bag 3057 i Facsimile +64 7 856 2873

i Cuafity Management Systems Caddified to 1SO $001

i Harnilion, New Zsalznd

i Website www.opus.co.nz



Volcanic Sail Project Site 10: Hamilton-Cambridge Project No: 5-22480.00
Lab Ref No: 01/310/001/10

Day Road
Pavement Pit 1
@ 20m R¥S, OWT

Day Road
Pavernent Pif 2
@ 80m RHS, OWT
| Opus international Consultants Limited | Fox Street | Telephone +64 7 856 2870
i Hamiiton Laboratory i Private Bag 3057 i Facsimile +684 7 856 2673
Cualily Managament Systems Cerdifiad to 150 9004 i Hamilton, New Zeaiand © i Website www.opus.co.nz



Project :

Location :

Client :

Contractor :
Sampled by :

Date Sampled :
Sampling method :

Voleanic Soils Project (Site 11, Te Poi)
Stopfords Rd @ 66m RHS OWT

Opus International Consultants Ltd
N/A

A Ingoe. (Opus Laboratory, Hamilton)
24/04/01

NZS 4407 : 1991 Test 2.4.8.2

INTERNATIONAL
CONSULTANTS

Sample condition : Natural ‘Project No : 5:22480.00
Pavement pit number : 1 LabRef No: 01/310/001713
Clienit Réf No ¢ Te:Poi PP1
Depth Pavement Des cf'-ipiﬁ ori Scala Penetrometer
{mn1) L Blows / 180mm
0 |CHIPSEAL 125845 86 7 8 910111213
Grade 2. Wom, slightly flushed. 0.00 P r— e
LN f -
25 |BASECOURSE] i " S
GAP40. Moderately weathered anguier GREYWACKE 0.20 ~ { - el S
excess Silty SAND (cement Stabitised), dense, moist, i T e
1o plastic. i
0.40 .
80 [OLD CHIPSEAL LAYER T ;
100 [BASECOURSE {1 050 — N B i
Ungraded up to 80mm. Dark reddish brown subrounded ‘ TN
Quarry strippings/ Silty SAND conglomerate, dense, o T
moist, non plastic, 080 ¢ L i \E\ : i
-3‘- - - ‘ f : .- -
23C [SUBGRADE E T _‘}.'m T )
Yellow brown homogenesus SILT, rare Clay, 5 100 - L . e
firm, moist, very slightly plastic, i - o e -
3 .
450 |END OF BIT £ 120 :
[a]
140 -
160 o -
— , - i
; ] ot o
200 b i 02
2 4 8 8 10 13 16 18 20 23 26 28 30
G Deptn YT Inferred CBR %
. ! [
Insitu CBR Test Results pai . :
B Water Content % G1.0 Subgrade Density
Basecourse samplie not recovered. Push Tube result at: 280mm
Subbase sample not recovered. Wet density (t/m”) 1.34
Subgrade samiple recovered at : 280 - 450mm. Drv density (t/m™) : 0.83
Depth at which scala penstrometer started : 280mm. W/ C % I 61.0
Test NVethods . ANotesy
Determination of Penetration Resistance of a Soil, NZ8 4407« 1988, Test 6.5.2 1ANZ Accreditation does not apply to
Insitu Density, sampling wbe method, NZS 4402 1986, Test 5.1.3 inferred CBR values or pavement descriptions
California Bearmg Ratio (insitn), NZS 4402; 1988, Test6.1.3
Inferred CBR values aken from Austroads pavement desion manuaj 1992
Date tested : 24/04/01 Sampling and testing is covered by IANZ Accreditation
Date veported - 27/04/01

=

.. ’_‘rﬂr‘ »
1ANZ Approved Signa’gﬂf N T L—

Designarion : Lnbb‘z‘g_@/ Manager
Date ; 27/04/01

C3F 2067 {2/01)

This report may only be reproducad in full

Fosts indicated as
nat accreditated are
cutside the scape
of the lahoratory's
acereditation

3 “,
v laboracory

! Opus infernational Consutiants Limited
{ Hamifion Laboratory
Cualiy Management Sysiems Certifed fo IS0 9001

{ Fox Strest

{ Piivale Bag 3057
i Hamilior, New Zsaland

i Telephona +64 7 856 2870
i Facsimile +64 7 856 872
i Websife www.opus.conz




PAVEMENT INVESTIGATION 1,
TEST REPORT

Project : Voleanic Soils Project (Site 11, Te Poi)

Location : Stopfords Rd @ 160m RHS OWT

Client : Opus International Consultants Litd

Contractor : N/A

Sampled by : A Ingoe. (Opus Laboratory, Hamilton)

Date Sampled : 24/04/01 oA ATIonAL

Szmpling method : NZS 4407 : 1991 Test 2.4.8.2

Sample condition : Natural Project No ; 5-22480.00

Pavement pit number : 2 Lab Ref No : 01/310/4001/11
Glient Ref'No.:  TePoiPP2

Depth Pavenient: if)léé’c-r"fpjtioﬂ ) Segla Pendtrometer

{mm) . L , N Biows / 100mm

0 |CHIPSEAL 91 2 3 4 5 &8 7 8 9101112 13
Grade 2. Wom, slightly flushed. 0.00 :& : T e
HIE i i o

30 |BASECOURSE I : T
GAPA0. Moderately weathered angular GREYWACKE 0.20 T
excess Siity SAND (cement Stabilised), dense, moist, TR o
non plastic, L

0.40 - L
110 |OLD CHIPSEAL LAYER N R o
__i___\__g_.__._ —

130 IBASECOURSE 1l 5.60 N : .
Ungraded up to 80mm. Dark reddish brows subrounded ; . "\ s
Quarry strippings/Silty SAND conglomerate, dense, ! : I
maoist, non plastic, E o0 - e o

A - . L} E\. — .
= - ;

310 [SUBGRADE 3 R S
Yellow brown homogeneous SILT, rare Clay, § 00 i -
firm, moist, very slightly plastic. H e -

550 |END OF PIT T g0 T =

=} b i H ; T —_— -
[ JE—
- i _ T
140 s
. i : i o
160 R
180 - i F—
F e
200 A _
2 4 8 B 10 13 16 18 20 23 26 28 20
Test Depth T omm infened CER %
)/ o
Insitu CBR Test Results CBR ’6 6
Penetration 2.5mm Subgrade Densit
Water Content % 63.5 srageliensity
Basecourse sample not recovered. Push Tube tesult at: 370mm
Subbase sample not recovered. Wet density ( t{mf) : 1.27
Subgrade sample recovered at : 370 - 550mm. Dry den.ity (t/m®) : 0.78
Denth ar which scala penetrometer staried : 370mm. W/iC%: 63.5
Test Methods Noteg

Determination of Penetration Resistance ofa Soil, NZS 4407 - 1988, Test6.5.2
Insiw Density, sampling whe method, NZS 2402 : 1986, Test 5.1.3

California Bearing Ratio {insitu), NZS 4402: 1988, Test 6.1.3

Inferred CBR values taken from Auswoads pavement desian manual 1992

IANZ Accreditaion does not apply ©
inferred CBR values or pavement descriptions

Date tested : 24/04/01 Sampling and testing is covered by TANZ, Acereditation
Date reported : 27/04/01 This report may only be reproduced in full -
e — __/

T ANT . 1 , '\ w < .
IANZ Approved S!gnamr}./q\ L L"“—‘*—/y Tests indicated as

i . . i nat acereditated are
Designation : Laoorci@g/ﬂé’anger outside the scope

o i . of the laboratory's
Date : 27/04/01 « laboratory  accreditation
CSF 2067 (201 Page | of |
Opus International Consultanis Limfted Foy Streat | Telephone +64 7 856 2570
! Hamilton Laboratory i Privale Bag 3057 | Facsimile +64 7 856 2673
Quality Managemant Sysiems Cedifiad to IS0 9007 i

i Hamiicn, New Zealand i Wabsite www.opus.conz



Volcanic Soi} Project Site 11: Te Poj Project No: 5-22480.00
Lab Ref No: 01/310/001/11

' b\h;]mm Yig}
ON:_ soptud; £
— L BP
Lodb -0
Stopfords Road
Pavement Pit 1
@ 60m RHS, OWT

Stopfords Road
Pavermnent Pit 2

@ 160m RHS, OWT
i Opus International Consultants Limited | rox Strest { Telophone +84 7 856 2870
Harmiiton Laboratory | Private Bag 3057 Facsimile +8¢ 7 856 2872
i Quatily Management Systems Certified to 180 9001 i Hamilfon, New Zealand

¢ Wehsile www.opus.co.nz




F PAVEMENT INVESTIGATION LEGC

A

TEST REPORT
Project : Voleanic Soils Project (Site 12, Pukekohe)
Location ; Coles Road, @ 40m RHS OWT
Client :

Contractor :
Sampled by :

N/A

Opus International Consultants Ltd

R.5.Warner (Opus Laboratory, Hamilton)

Date Sampled : 04/04/01 Consuirans
Sampling method : NZS 4407 : 1991 Test 2.4.8.2
Sampie condition : Natural Project No : 5-22480.00
Pavement pit number : 1 Lab Reéf No : 01/310/001/12
Client Ref No : Pulelohe PP]
' Dep h Paverient Descriptiot Scala Penetrometer
(mm) ; — Blows /! 100mm
0 |CHIPSEAL 0123 45 687 8 9101112 13
Grade 4. Wom. : -
20 IBASECOURSE !
GAP 40. Stightly weathered, angular to subangular 020 i N
GREYWACKE, slight excess Sand, some Silt, moderately . PR B
dense @ loose, moist, non plastic. e TRTT
040 e . .
220 [SUBBASEI T : :
GAP 65. Slightly weathered, angular to subangular L R
GREYWACKE / Sandy SILT Mixmre, moderately dense, 0.60 it : -
moist, non plastic. — e
380 |SUBBASE I E 00
Dark brown Silty CLAY, some Aggregates intermixed, =1
soft to firm, moist, moderately plastic. E
5 100
460 |SUBGRADE H
Orange CLAY, some Silt, firm, moist, moderately plastiec. ]
ERET
600 |END QF PIT a

140 N

2,00
Test Depih Py i0 13 16 18 20 23 26 28 30
. - . CBR % 10 Inferred CBR %
Insitu CBR Téest Results Penetration 2 Sram : :
Water Content % 68.0 Subgrade Dens:ty
Basecourse sample not recavered. Push tube restrits at - 480mm
Subbase sample not recovered. Wet density (t/m>) - i.58
Subgrade sample recovered at - 430 - 500mum, Drv density {t/m) - 0.94
Denth at which scala pepetrometer started : 480mm. W/C%: G8.0
Test Methods ] B Notes
Determimation of Penetration Resistance of a Soil, NZS 4402 : 1988, Test6.5.2

Insin: Density, sampling mis method, NZS 4402 : 1986, Test 5.1.3
California Bearing Ratio (insitu}, NZS 4402: 1988, Test6.1.3
Inferred CBR values taken from Anustroads pavement desion manual 19972

1ANZ Accreditation does not apply to
inferred CBR values or pavemen: descriptions

Date tested : 04/04/01 Sampiing and testing is covered by IANZ A cereditation

Date reported : 05/04/01 This report may only be reproduced in fuli

r 7 A P | H o = -

IANZ Approved Sagnag{W A - v 20 Tosts indicatnd as

/ £ . not gcoreditated are

Designation : Lalégg;gﬁmj: Monager FR0) :f::':;;;er:l';‘;gi

Date : (05/04/01 g;;;g:_:;g;y aceregitation

CSF 2067 (2013 Page | of |
! Opus infernational Consuliants Limited ¢ Fox Strest ! Telephone +64 7 856 2870

i Hamillon Laboratory i Private Bag 3057

i Qualiy Management Sysiams Certited to 150 9007 i Memilion, New Zesaland

i Facsimile +64 7 856 2873
i Website wwwr.opus.co.nz




Project : Voicanic Soils Project (Site 12, Pukekohe)
Location : Coles Road @ 160m RHS OWT
Clent : Opus International Consultants Ltd
Contractor : N/A
Sampled by : R.8.Warner. (Opus Laboratory, Hamilton)
. N HATY
Date Sampled : 04/04/01 PR
Sampling method : NZS 4407 : 1991 Test 2.4.8.2
Sample condition : Natural ProjectNo : 5-22480.00
Pavement pit number : 2 Tab RefNo : ] 01310/001/12
Client RefNo.t  Pulielohe PP2
Depth Pavérient D escriptz oit Scala Peénetrometer
-~ {mm) . _ ' Blows / 100mm
0 [CHIPSEAL 01 2 2 4 5 6 7 8 9 1011 12 13
Grade 4. Worn. 0.00 me—i ——— —-
[ e Y o
30 |BASECOURSE s e . N SO B
GAP 40. Slightly weathered, angular to subangular 020 el -t e
GREYWACKE, slightly excess Sand, some Silt, moderately o I :
dense tc loose, moist, non plastc. —— e .
0.4% ;\ - o
130 {SUBBASE T P -
Dark brown / grey Silty SAND, occasional AP 65 Aggregaie, I P ) o
moderately dense, moist, non plastic. 0.60 et - T ——
250 |SUBGRADE 3 i -
Orange CLAY, some Silt, firm, moist, moderately plastic, Zos0 ‘ : : e =
380 |END OF PIT f | - -
5 1.00 - ; o
é 1 H ; | , ——— el
E‘ 126 - : - __” “ -
i e
140 Al THE R
1.60 n-—f_“i IR
e =
P S N B
1.80 - . e
f R
200 LT
2 4 B 8 10 13 16 18 20 23 28 28 30
=
Tg}gge"i‘:h _6$?m [nferred CBR %
insity CBE Test Resulis Penetration 5.0mm P——
Water Content % 46.5 s susity
Basecourse sarmnple not recovered. Push wbe results at : 260mm
Subbase sample not recoversd. Wet density {t/m’) : 1.08
Subgrade sample recovered at : 260 - 380mm. Drv density (¢/m™ 0.?§
Benth at which scala 1 snetrometer started : 2 60w, W/C%: 46.3
Test Methads . Notes .
Determination of Penetration Resistance of a Soil, NZS 4402 : 1988, Test 6.5.2 IANZ Accreditation does not apply 10 ‘
Insin: Density, sampling mbe method, NZS$ 4402 : 1986, Test 5.1.3 inferred CBR values or pavememt descriptions
California Bearing Ratic (insitu), NZS 4402: 1988, Test 6.1.3
Inferred CBR values taken from Austroads pavement desion manual 1992

Dzte tested : 04/04/01
Date veported : 05/04/01

TANZ Approved Signato;fwnﬁ’“ =

a2

Sampling and testing is covered by IANZ Accreditation
This report may oniy be reproduced jn full

20 - i~
i2s1s indicated as

i
Eromly, not accreditated are
Dﬁ&‘? . cutside the scope

3 3 of tha lahoratory's
g o b acereditation
labaratury

Designation : Laboraters Manager

Date : (3/04/01

CSF 2067 (2001
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Volcanic Soil Project Site 12: Pukekohe

Project No: 5-22480.00
Lab Ref No: 01/310/001/12

Coles Road
Pavement Pit 1
@ 40m RHS, OWT

Coles Road
Pavement Pit 2
@ 160m RHS, OWT
Opus Infernational Consultants Limited i Fox Strest Telephone +64 7 856 2870
Hamillon Laboratory i Private Bag 3057 i Facsimite +64 7 866 2873
Curglity Management Systoms Certifiad to IS0 9001 i

i Hamifton, New Zaaland | Websita www.opus.co.nz




Project : Volcanic Soils Project (Site 13, Taupiri)

Location : Jew Road @ 20m LHS OWT
Client : Opus International Consultants Lid
Contractor : N/A
Sampled by : R.8.Warner (Opus Laberatory, Hamilton)
Date Sampled : 04/04/01 Conaan oAt
Sampling method : NZS 4407 : 1991 Test 2.4.8.2
Sample condition ; Natural Broject No 5-22480.00
Pavement pit number: 1 Lab RefNo: 01/310/001/13
Client RefNo : Taupiri PP1
Depth Pavemsiit: Desciiption. B Scala Penetrometer
{mm) , . t Blows / 100mm
0 |CHIPSEAL 123 45 67 8 9 1011421
Grade 4. Wom, sound. 0.0¢ » **-.—‘"**;*_M_:- T
30 |BASECOURSE A RN

GAP 40. Fresh, angular GREYWACKE, weli graded SAND

)
some Silt, moderately dense, moist, non plastic.

190 |SUBBASE

Orange / brown SILT, occasional Topsoil claste and
aggregates, firm, moist, non: plastic,

290 iSUBGRADE

Orange / brown Silty CLAY, firm to stiff, slightly moist,
ioderately plastic.

500 JEND OF PIT

Depth below end of pit {is)

o
[
<

2.00 : :
Test Depth A 2 4 6 & 1013 16 18 20 23 25 28 20
] . . CBR % 11 Inferred CBR v
Insitu CBR Test Results Penstrati
oreration % o Stbgrade Density
Water Content % 40.5 & - b
Basecourse samplenot recovered, Push wbe results at - 340mm
Subbase sampie not recovered. Wet density (t/m°) : P44
Subgrade sample recovered at : 340 - 500mm, Drv density (tm®) « 1.03
Depth at which scala renetrometer started - 340mm, W/C%: 44,5
Test Methods . A Notes
Determination of Penerration Resistance of 2 Soil, NZ8 4402 : 1988, Test6.5.2 IANZ Accreditation does not apply w

Insin Density, sampling mbe methed, NZS 4407 - 198G, Test 5.1.3
Califomia Bearing Ratio (insim), NZS 4402: 1088, Test 6.1.3
Inferred CBR vaiues taken from Austroads pavernent desion manua) 1992

inferred CBR values or pavernent descriptions

Date tested : 04/04/01 Sampling and testing is covered by JANZ. Accreditation

Date reported : 05/04/01 This report may enfy be reproduced in full

SANZ spproved Signatopy™ S eFad M‘"Lﬁ .o
; P

Tests indicalad as

{ net accraditated ars
Designation : Laboretdry Manager :;’::;dagh;:t“o‘:;’i
Date : 05/04/01 £ accreditalion
CSF 2067 (2/01) Page ] of P
} Opus International Consufiants Limited { Fox Strest ! Telephone +64 7 856 2870
i Hamilton Leboratory { Private Bag 3057 { Facsimife +647 856 2873

sty biznagemon! Syslems Certifed o 150 9601 i Hamilion, New Zealand ¢ Website wew.opus,co.nz




PAVEMENT INVESTIGA NLGG}
TESTREPORT . |
Project : Voleanic Soils Project (Site 13, Taupiri)
Location ; Jew Road @ 200m LHS OWT
Client : Opus International Consultants Ltd
Contractor : N/A
Sampled by : R.S.Warner. (Opus Laboratory, Hamilton)
Date Sampled : 04/04/01 oy ouat
Sampling method ; NZS 4407 : 1991 Test 2.4.8.2
Sample condition : Natural PrGject No : 5-22480.00
Pavement pit number: 2 Liab RefNo.: 01/310/001/13
CliensRefNo ;. Taupiripp2
Depth Pav ém erit 'D.és crlpfl on : Scila Penetrometer
{mm) ) . e . . Blows / 100mm
0 |CHIPSBAL O 1 23 45 6 7 8 9 1011 12 13
Grade 6. Wom, sound. (U QN — —— e

20 |BASECOURSE

GAP 40, Fresh, anguler GREYWACKE, well graded SANT), 920 =
some Silt, moderately dense, moist, non plastic.

150 |SUBBASEI

Orange / brown highly weathered GREYWACKE (ROTTEN
ROCK), some Clayey it moderately dense to dense,
slightly moist, non plastic.

£.60 -

240 |SUBBASE 1§

GAP 63, Slightly weathered, angoiar to subanguiar
GREYWACKE, seme Silty Sand, dry, dense, non plastc,

o
co
P

330 |SUBGRADE

Depth belaw end of pit (m}

100 4t - -
Orange / brown Silty CLAY, some clayey pockets, stiff, ; s - -
slightly moist, moderately plaste. - - :
1.20 s j —
500 |END OF PIT - S
140 e H, -
160 it T
130 et -
200 T
Test Depth 350mm 2 4 6 8 D 1316 1B 20 23 26 26 %0
. CBR % 70 inferred CBR %
Insitts CBR Test Results Penetration 5.0mm POTR—
Water Content % 26.2 uogra .e Ensity
Basecourse sample not recovered, ~tPush tube resulr:i at: l 350mm
Subbase sample not recovered. Wet deasity (/m’) 1.76
Subgrade sample recovered at : 350 - 500mm. Drv density (t/m’) : r 1.37
Depth at which scala nenetrometer started : 350mm. SW/C%: 262
Test Methods

Nates
1ANZ Accreditation does not apply to
inferred CBR values or pavement descriptions

Determination of Penetration Resistance of a Soil, NZS 4402 : 1988, Test6.5.2
Insitu Density, sampling twbe method, NZS 4402 ; 1986, Test 5.1.3

California Bearing Ratio (insitu), NZS 4402: 1988, Test 6.1.1

Infeered CBR values taken from Ausiroads pavement desien manual 1992

Date tested : 04704103 Sampling and testing is covered by 1ANZ. Accreditation
Date reported : 05/04/01 Tis report may oniy be reproduced in full
; oved Sienators N e o2 sl
AN Approved Slgﬂﬂt?{. ¥ / e » Tests indicated as
i // j not accreditated are

et i . o . ad outside the scope
D\,51gﬂanon : Lﬂbdf_f,@mj’ Mcmage! 5 AR AE, of the lzboratory's
Date : 05/04/01 C e b st acereghiation

& lzbotatory
CSF 2067 (201 Page | of |

| Opus international Consultants Limited i Fox Strasf | Telephonie +54 7 856 2870
Hamjffor Laboraiory { Private Bag 3057 ¢ Facsimile +34 7 856 2873

i Qualty Mansgemeni Systems Certified o IS0 9001 i Hemitian, New Zsalend i Website www.opus.co.nz




Volcanic Soil Project Site 13: Taupiri Project No: 5-22480.00
Lab Ref No: 01/310/001/13

Jew Road
Pavement Pit 1
@ 20m LHS, OWT

Jew Road
Pavement Pit 2
@ 200m LHS, OWT

i Opus international Consulftants Limited
i Hamilton Laboratory
Quafily Mznagement Systems Carfified to IS0 8007

: Fox Sireet | Teiephone +64 7 856 2870
Private Bag 3057 { Facsimile +54 T 356 2673
i Hamilion, New Zzaland ¢ Websile www.opus.co.nz




PAVEMENT INVESTIC

TEST REPORT -
Project : Voleanic Soils Project (Site 14, Te Awamutu)
Location : Bowman Road @ 20m LHS OWT
Client : Opus International Consultants Ltg
Contractor : N/A
Sampled by : R.S.Warner (Opus Laboratory, Hamilton)
' I ERNATY
Date Sampled : 05/04/01 Consueanmt
Sampling method : NZS 4407 : 1991 Test 2.4.8.2
Sample condition Natural Project No : 5-22480,00
Pavement pit number : 1 LabRefNo: 01/310/001/14
Client RefNo ; Te Awamutu PP1
Depth Pavernent Descrip Hon Scala Penetrometer
{mm) . T i i e Blows / 100mm
0 {CHIPSEAL 0123 45 67 8 2111 1213
Grade 3/5. Sound. e : e -
i R -
26 |BASECOURSE AN S O :
GAP 40. Fresh, angular GREYWACKE, well graded Sandy 030 s L | ; { REFUSAL
SILT, moderately dense, moist, non plastic. T A —
126 |OLD CHIPSEAL 0.40 i it T
40 |OLD BASECOURSE A N n
GAP 40. Stightly weathered, anguiar to subangular 0.60 et ’ -
GREYWACKE/ Sandy SILT mixture, moderately denss, e : = -
moist, non plastic. N B
Eoan - ——
200 |SUBGRADE = ; -
Orange / brown medivm to coarse SAND, dense 1o very 3 )
dense, moist, non piastic. 5
H
460 TEND OF PIT ER -
i . _ e
140 - ' -
1.60 4 s
180 et -
: ; o
2.00 - —
2 4 8 8 10 13 16 18 20 23 25 28 20
TECSég ?,}zth 3033‘”“ Inferred CBR %
Insitu CBR Test Results Pe . -
Tietration 5.0mm Subgrade Densif
Water Content % 0.2 __ wubgrade Density
Basecourse sampie not recovered, Push whe results at ;
Subbase sample not recovered. Wet density (t/m®) Unabile to test
Sebgrade sanple recovered at: 300 - 460mm. Dry density (t/m™} ; by Push tube
Depth at which scala penerometer started : 300mm. W/C%:
Test Methods . . [Notes
Determination of Penetration Resistance of a Soil, NZ§ 4402 : 1988, Test 6.5.2 TANZ Accreditation does not apply to
Insim Density, sampling wbe method, NZS 4402 : 1986, Test 3.1.3 inferred CBR values or pavement descriptions
California Bearing Ratio (insttu), NZS 4402: 1988, Test 6.1.3
Inferred CBR values taken from Austroads pavement design manual 1992

Date tesied : 05/04/01

Sampling and testing is covered by 1ANZ, Acereditation
Date reported 06/04/01

This report may oziy be reproduced in full

7 ! - . \"‘/A‘\f' P _ \
IANZ Appruved Sl”ﬂat[?"l(_\ _{P—b—“—’-‘? h— Tests indicated as
;'{ not zccreditated are

. . . - . £ L outsidy the scope
Designation : L(JbDlTT[f()?’_']i Manager f Nl of the laboratony's
Datea : 06/04/01 { Gabarmen,  accraditation
CSF 2067 (201 Page | of |
! Opus International Consultanss Limited ! Fox Streat | Telephons +64 7 858 2870
I Hamilion Laboratory { Private Bag 3057

i i Facsimite +64 7 856 2872
Quaiity Management Systems Cedified v /SC 0601 H
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PAVEMENT INVESTIGATION LOG

Project : Volcanice Soils Project (Site 14, Te Awamutu)
Location : Bowman Road @ 160m LES OWT
Client Opus International Consultants Ltd
Contractor : N/A
Sampled by : R.S.Warner. (Opus Laboratory, Harmilton)
Date Sampled : 05/04/01 sy oua
Sampling method : NZS 4407 : 1991 Test 2.4.8.2
Sample condition : Natural ?régj-gcf'No- : 5:32480.00
Pavement pit number: 2 LibRefNo: 01/310/001/14
Client Ref No ¢ _ Te Awamutu PP2
Depth Pavenieiit Deseri ptl on Scala Penetrometer
(mm) . ‘, . . . Blows / 100mm
0 {CHIPSEAL 012345 67 89 1011 12 13
Grade 3/5. Sound. 0.60 - e S
: I
20 |BASECOURSE T T T
GAP 40. Fresh, angular GREYWACKE, well graded Sandy 0.20 ot b e DT
SILT, moderately dense, moist, non plastic. S I A -
—— _}..:_.:. - =
120 |OLD CHIPSEAL el '

0.40 -

140 |OLD BASECOURSE
(GAP 40. Slightly weathered, angular to subangular

GREYWACKE/ Sandy SILT mixmre, moderately dense,
moist, non piastic.

T REFUSAL |

200 [SUBGRADE

Orange / brown medium to coarse SAND, dense to very
dense, moist, non plastic.

400 {END OF PIT

n
=]
!
i
'
1

Depth below end of pit (m)
=
(=)

LA Sy j r ’ j~—-—?-
1eo Lot - PR
i T
i.80 —:—m_-__L_-__-.. -
2.00 - : : -
T Eqé Ilgength Toomm 2 4 6 8 11?1:":1»1;23:18%20 23 26 28 30
Insitu CBR Test Results Penctonin aey
snetration - Subgrade Density
Water Content % 10.6 . =

Basecourss sample not recovered. Push tube resuits at
Subbase sampie not recovered. Wet density (- tfmf) : Unable to test
Subgrade sample recovered at : 300 - 400mm. Drv density (t/m”) by Push tube
Denth at which scala penetrometer started : 300mm, W/ C%:
Test Methods. . .. . . Motes. .
Determination of Penetration Kesistance of a Soil, NZS 4402 : 1988, Test 6.5.2

IANZ Accreditation dees not apply to

Insitu Density, sampling wbe method, NZS 4402 : 1986, Test5.1.3 inferred CBR values or pavernent descriptions

California Bearing Ratio {insitu}, NZS 4402: 1988, Test 6.1.3

Inferred CBR values taken from Avsroads pavement desion manual 1992
Date 1ested : 05/04/01

Date reported : 06/04/01

Sampling and testing is covered by IANZ Accreditation
This report may only be reproduced in {ul

. ;/\\- ‘
LANZ Approved Signatpfy -~ 7 i 26 o
’ = J A e Tests indicated as
f / not accreditated are
el e T sl bgers d o y . O 4 k outside the scope
Designation : Labowwary Manager B2 e bt
Date : 06/04/01 4 Eg;:;’g;‘;y accreditation
CSF 2067 (2/01) Page 1 of }
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Vol;zanic Soil Project Site 14: Te Awamuiu

Project No: 5-22480.00
Lab Ref Ne: 01/310/001/14

Bowman Read
Pavement Pit 1
@ 20m LHS, OWT

Bowman Road
Pavement Pit 2
@ 100m LHS, OWT

i Opus internafional Consultants Limited
i Hamifion Laboratory
Cualiy fdanagement Syslems Gedffied to IS0 9001

! Fox Strest
Private Bag 3057
¢ Hamifion, New Zealand

Telaphene +64 7 858 2870
Facsimiiz +64 7 855 2873
Website www.opus.co.nz




Project :

Location :

Client ;

Contractor :
Sampied by :

Date Sampled :
Sampling method :
Sample condition :

Peake Rd @ 20m LHS OWT
N/A
16/05/01

NZ8 4407 : 1991 Test 2.4.8.2
Natural

Pavement pit number: 1

Velcanic Soils Project (Site 15, Cambridge)
Opus International Consultants Léd

R. 8. Warner (Opus Laboratory, Hamilton)

INTERNATIONAL
CONMSULTANTS

—

52248000
13100015

‘Depth
' (i)

0

CHIPSEAL
Grade 3. Worn, flushed.

40

BASECOURSE
GAP 40. Slightly weathered, subangular
GREYWACKE/Medium SAND mixture,
moderately desne, moist, non plastic

240

SUBBASE

Yellow/browm medium SAND, some Gravels,
moderately dense, moist, non plastic.

360

SUBGRADE (Natural)
Mid to dark brown Sandy SILT, rare Clay, soft,
moist, very slightly plastic.

END OF PIT

Blows / 100mm
012345678910111213

e em .

0.20 -

1.00

Depih below end of pit (m)
!
r
i
!

California Bearing Ratio (insifu}, NZS 4402: 1988, Test 6.1.3

Insitu Density, sampling tube method, NZ5 4402 ; 1986, Test 313

inferred CBR values taken from Austroads pavement design manual 1992

200 s . : —
2 4 6 8 10 1316 18 20 23 26 28 20
Tear Depth o Inferred CBR %
T ¥ A fp L . BR %
InsttCBR Test Resitlis . Pege&at;m ,)95 e
e s Water Content % 291 P ’Sub-gféﬁe'ﬂemlty _

Basecourse sample not recovered. Push tube results at ; 370mm
Subbase sampie not recovered. Wet density (t/m3) : 148
Subgrade sempia recovered at: 370 - 470mm. Dry density (t/m3) . 113
Depth at scala penetrometer started - 370mm, W/C%: 291
TestMethods” © 7~ — I R T S
Determination of Penetration Resistance o a Soil, NZ5 2402 : 1988, Test6.5.2 TANZ Accreditation does not apply to

inferred CBR values or pavement descriptions

Date tested : 16/05/01 Sampling and testing is covered by IANZ Accrediiation
Date reported :  18/05/01 This report may only be reproduced in full
1ANZ Approved Signatcgjj\\ :f:,’}p’f@f-l_.__-m i &

Designation : Labbratory Manager
Date 18/85411

CBF 2067 (2/67)
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iaboratory

Tests indicated as
not coreditated are
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of the laboratory's
accreditation
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i Hamilion Laboratory
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Project: Volcanic Soils Project (Site 15, Cambridge)

Location : Peake Rd @ 180m LES OWT

Client : Opus International Consultants Ltd

Contractor : N/A

Sempled by : R. 5. Warner {Opus Laboratory, Hamilton)

Date Sampled : 16/05/01 INTEREATIONAL
Sampling method : NZS 4407 : 1991 Test 2.4.8.2 enroLTany
Sample condition : Natural ProjectNo: 10
Pavement pit number : 2 LabRafis

Na:

Digpthy ' ctometer -~
Brestndl] S S Biows / 100mm
0 |CHIPSEAL 0 12 3 4546 7 8 8 1011 42 13
Grade 3/5. Worn, flushed. .00 T T A
40 |BASECOURSE A S
GAP 40, Slightly weathered, subangular 020 —r— L e
GREYWACKE/Medium SAND mixture, A I T e oo
mederatelv desne, moist, non plastic Y S : —_—
040 ] I S S

120 |SUBBASE

Yellow /browm medium SAND, some Gravels,
moderately dense, moist, non plastic.

240 |SUBGRADE (Natural)
Daric brown Sandy SILT, sorme Clay,
soft ta firm, moist, slightly piastic.

250 JEND OFPIT

_|
5
o
!
i
i
i

Depth below e of pit {m)

=
8

: i
éuuﬁ__’_“_m_'__
160 i -~
1.30 _ w.___..__.,i__ S -
i ' .
200 st LT
2 4 5 8 10 13 15 18 20 23 26 28 3
. Teat DEpﬂ’l T Inferrecl CBR %
S i CBR % 2
Inéitu:CBR Test Resiilis N 12 — — .
Penetration 25 Siiborads Deangie
. . Water Content % 547 L =Hbgrace: SISy
Basecourse sample not recovered., Push tube results at - 250mm
Subbase sampie not recovered. Wet density (t/m?) 1.54
Subgrade sample recovered at : 250 - 350mm. Dry density (t/n13} : 1.00
Depth at_scala penetrometer started ; 250mm, C%: 541
TestMetHodsar ™, T i s
Determination of Penetration Resistance of a 301 , NZS 4402 : 1988, Test 6.5.2 IANZ Accreditation does not apply to
Insitu Density, sampling tube method, NZS 4402 : 1986, Test3.1.3 inferred CBR values or pavement descriptions
California Bearing Ratio (insitu), NZ5 4402 1988, Test 6.1.3
Inferred CBR values taken from Austroads pavement desion manual 1992
Date tested : 16/05/01 Sampling and testing is covered by [ANZ 4 coreditation
Datereported :  18/05/01 This report may only be reproduced in full
f‘/d—“ - —Aciw
T Oz s L H s
LIANZ Approved blgnf,ftory P e 20 Tests indicated as
i . { . Aot acoreditated arz
Designation : Labqrg'mng\/hmager ) a_ outside the scape
k . H 4 of {he laboratory's
Date : 18/0") 1 é:r;g‘;';;?n-y accreditation
CSF 2067 i2/01) Page 1 0f ]
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Volcanic Soil Project Site 15: Te Awamutu Project No: 5-22480.00
: ' : Lab Ref No: 01/310/001/15

Peake Road
Pavement Pit 1
@ 20m LHS, OWT

Peake Road
Pavement Pit 2
@ 180m LHS, OWT
| Opus Infernational Consultants Limited ! Fox Street ! Telephone +64 7 856 2670
i Hamilton Lahoratory i Prlvate Bag 3057 i Facsimile +64 7 836 2873
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