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AN IMPORTANT NOTE FOR THE READER

The research detailed in this report was commissioned by Transfund New Zealand.

Transfund 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 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 publication, Transfund
New Zealand, and its employees and agents involved in the preparation and
publication, cannot accept any contractual, tortious or other liability for its content
or for any consequences arising from its use and make no warranties or
representations of any kind whatsoever in relation to any of its contents.

The 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 and must rely solely on their own judgement and seek their own
legal or other expert advice.

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

The application of Austroads Pavement Design Guide to Taranaki brown ash has been
investigated involving a comprehensive characterisation study of five sites in south
Taranaki.

The characterisation involved trenching and sampling of the base, sub-base and
subgrade, various non destructive and physical tests were carried out at each site as
well as laboratory tests on collected samples.

Using the data obtained from the site characterisation of the five sites an assessment
of subgrade strain experienced by the pavements has been made and compared to the
Austroads Pavement Design Guide criteria.

This investigation has confirmed the field experience in Wanganui in that pavements
constructed on brown ash can tolerate significantly higher deflections and therefore
higher subgrade strains than given in the Austroads Pavement Design Guide.

The performance of four of the five road sections investigated has shown that when
the performance of these pavements are analysed in terms of their in sity Californian
Bearing Ratio (CBR) then they conform with the Austroads relationship.

The design of pavement overlays using a deflection based approach as given in
Section 10 of the Austroads Guide is therefore not appropriate for volcanic subgrades,
but this mvestigation indicates that the overlay design approach given in the New
Zealand supplement to the guide would result in more realistic overlay thicknesses.
There 1s insufficient data to confirm that the slope of the fatigue relationship given in
the Austroads Guide is valid for brown ash subgrades.

The results also indicate that the scala penetrometer and the SASW technique could
be used as rapid methods to assist in pavement overlay design. Both techniques give
modulus values that are similar to those derived from the in situ CBR test.

As would be expected the laboratory soaked CBR gives a conservative estimation of
in situ subgrade properties.

It is recommended that on volcanic soils:

e The Austroads Pavement Design Guide deflection based overlay procedure
should not be used.

e The CBR x 10 estimation of modulus as an input to pavement design be used
in designing unbound pavements.

e The relationship given above should not be used to calculate pavement
deflections or the strains that could develop in bound materials. For this type
of analysis CBR x 3 should be used to estimate the subgrade modulus.



o That further research be performed to determine if the slope of the subgrade
fatigue life relationship given in the Austroads Guide is appropriate for
volcanic subgrades.

¢ That further research be performed to determine the factors controlling the rate
of permanent deformation of soils under dynamic loading,

ABSTRACT

The application of the Austroads Pavement Design Guide to Taranaki “brown ash”
has been investigated. The study was designed to determine if the sub grade strain and
deflection criteria given in the guide was appropriate for use on volcanic soils.

The research involved:

Task 1 Site selection and collection of data on the pavement history, present
condition and traffic loadings.

Task 2 Site testing to characterise the materials and pavement dimensions,

Task 3 Comparison of the modulus values derived from the various site tests and
analysis of the expected performance of the pavement using the measured parameters.
This theoretical performance was then compared with the actual performance of the
pavement.

It has been concluded that the deflection criteria given in the guide is not appropriate
for use on the Taranaki “brown ash” sub grades but that pavement design based on the
sub grade CBR compares favourably with the Austroads Guide.



1. INTRODUCTION

The Wanganui Transit New Zealand Regional Manager has identified a major
difference between the pavement depth required by the Austroads Pavement Design
Guide based on deflection measurements and that traditionally used in the area for
pavement overlays.

Over the last decade a granular overlay of 70 mm has been used as the “normal”
treatment thickness with good performance. However if the Austroads Pavement
Design Guide criteria was applied, an overlay thickness in the order of 400 mm would
be required.

As many of the pavements in Wanganui are constructed on a volcanic “brown ash”
subgrade it was considered that the subgrade strain criteria used in the Austroads
Pavement Design Guide may not be appropriate for this material. It was thought that
some volcanic subgrades may be able to withstand high strains (i.e. high deflections)
without incurring the damage which is assumed in the current design procedure.

In order to assess the reasons for the good performance of these pavements, the
following research has been undertaken to assess the characteristics of the pavement
materials. Using the data obtained from this characterisation an assessment of the
expected life of the pavement has been made and compared to the actual performance
of the pavements.

The characterisation involved trenching and sampling of the base, sub-base and
subgrade, moisture, in situ density and in situ CBR measurements of the base and
subgrade, and dynamic cone penetrometer testing of the subgrade.

Laboratory testing of some of the samples collected has included gradings of the base
samples and remoulded CBR tests of the subgrade samples. Additional samples have
been stored for subsequent testing in stage two of this research.

In addition to this testing, the sites were characterised by measurements over a grid of
12 points. At each point Spectral Analysis of Surface Waves (SASW) and Benkleman
beam testing was carried out.

2. SITE SELECTION
Five sites in the Wanganui area were selected based on the following criteria:

a. Their condition was such that they exhibited rutting or roughness that was not
attributed to failure of the basecourse material or chipseal.
b. The subgrade was “brown ash™.

It was considered that by also obtaining an estimate of the past traffic that it would be
possible to obtain the “life” of the pavement and compare this with the expected life
obtained from the Austroads Pavement Design Guide.

An outline of each of the five sites selected is included below, with brief descriptions
of their position, present condition, age and traffic volumes.
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Traffic volume data is available on an annual basis for all sites back to 1980, with a
figure for each site of percentage heavy vehicles. For sites that were last reconstructed
prior to 1980, the traffic volumes were extrapolated assuming a growth rate of 2%.
The figure for 1980 used for these extrapolations was obtained from a curve fitted to
the annual traffic data to smooth out the statistical variations. Where the date of
construction of the pavement is unclear the records use a default value of 1935.

A photographic record of the trenching and the general site has been made, although
this has not been included in this report.

2.1 Ouri Stream Bridge

Location: SH45, RP 64/8.93 - 9.50.
This site is located 600 metres east of Pthama with the trial section being in the

southbound lane starting 30 metres south of the bridge. The test pit location was at RP
64/8.98.

The description of the road surface from the feasibility report by Beca consultants in
May 1996, includes “settlement, depressions and wheel track rutting along the outer
tracks and to a lesser extent the inner tracks of both lanes” over approximately 37% of
the surface. From visual evidence they suggest the rutting is the result of accumulated
plastic strain of the subgrade under repeated loading.

The last recorded reconstruction of this section of road is 1935, described as 100mm
of aggregate, although the feasibility report indicates “heavy maintenance” was
carried out in 1994/95. The report attributes the short seal life to excessive flexing
which is probably due to insufficient pavement depth to withstand current traffic
loading. Comments from a local farmer at the time of site testing, suggest that the
road has deteriorated rapidly in the last few years due to the increased volume of milk
tankers servicing the dairy factory at Hawera.

The current traffic volume on this section of road 1170 AADT with 11.7% HCV. The
estimated number of heavy vehicles passing over this section of road since the time of
construction (1935) is 665,000,

2.2  Nopera Road

Location: SH45, RP 64/10.14 - 11.21.

This site is located 1200 metres east of Pihama with the trial section being in the
southbound lane starting 500 metres south of the intersection of SH45 and Nopera
Road. The test pit location was at approximately RP 64/10.60.

The description of the road surface from the feasibility report by Beca consultants in
May 1996, includes “settlement, depressions and wheel track rutting along the outer
tracks and to a lesser extent the inner tracks of both lanes” over approximately 59% of
the surface. From visual evidence and coring they suggest the rutting is the result of
accumulated plastic strain of the subgrade under repeated loading.

The last recorded reconstruction of this section of road is 1935, described as 100mm
of aggregate, although the feasibility report indicates “heavy maintenance” was
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carried out in 90/91 and 92/93. The report suggests that pavement thickness is
insufficient to disperse current traffic loading. Comments from a local farmer at the
Ouri bridge site also apply to this site.

The current traffic volume on this section of road 1170 AADT with 11.7% HCV. The
estimated number of heavy vehicles passing over this section of road since the time of
reconstruction (1935) is 665,000,

2.3 Warwick Road/Hills Road

Location: SH3, RP 279/1.46 - 1.96.
This site is located 2 kilometres south of Stratford with the trial section being in the

southbound lane starting seven metres before the open road sign. The test pit location
was at RP 279/1.54

The description of the road surface from the project report by Beca consultants in
April 1995, includes settlement, depressions, wheel track rutting and cracking. The
last recorded reconstruction of this section of road is 1986, described as 150mm of
shellrock. The current traffic volume on this section of road 6340 AADT with 11.2%
HCV. The estimated number of heavy vehicles passing over this section of road since
the time of reconstruction (1986) is 1,332,000.

2.4 Anderson Road

Location: SH3, RP 287/1.00 - 1.32.

This site is located 2 kilometres north of Eltham with the trial section being in the
northbound slow lane starting 100 metres north of the beginning of the slow lane. The
test pit location was at approximately RP 287/1.16

The description of the road surface from the feasibility report by Beca consultants in
May 1996, includes “settlement, depressions and wheel track rutting along the outer
tracks of all three lanes and to a lesser extent the inner track™ over approximately 28%
of the surface. Also noted is “alligator and transverse cracking most of which is
accompanied by flushing” over 8% of the surface. From visual evidence and coring
they suggest the rutting is the result of accumulated plastic strain of the subgrade
under repeated loading. This indicates that pavement thickness is insufficient to
disperse current traffic loading.

There are no records for reconstruction of this section of road, although at route
position 0.89 the date is given as 1935. This date has been assumed for this test
section. The current traffic volume on this section of road 6340 AADT with 11.2%
HCV.

2.5  Patea Township
Location: SH3, RP 321/16.04 - 338/0.06.
This site is located within the limits of Patea Township with the trial section being in

the northbound lane starting 100 metres north of the intersection of SH3 and Hadfield
Street. The test pit location was at approximately RP 321/16.85.
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The description of the road surface from the feasibility report by Beca consultants in
May 1996, includes “settlement, depressions and wheel track rutting along the outer
tracks and to a minor extent the inner tracks of both lanes” over approximately 6% of
the surface. This is more accurately represented as 14% of the actual traffic lanes,
since much of the pavement surface is taken up with parking and a 2.5 metre wide
median strip. From visual evidence and coring they suggest the rutting is the result of
accumulated plastic strain of the subgrade under repeated loading, They note that this
has been accelerated by the increase in the number of “B” train milk tankers in the
area.

It is also noted in the feasibility report “that the existing drainage system does not
provide for drainage of the pavement system”. However this does not appear to be a
problem since the water content measured in the basecourse is similar to other sites,
and in the subgrade is significantly less that other sites,

The last recorded reconstruction of this section of road is 1935. The current traffic
volume on this section of road 3870 AADT with 11.2% HCV. The estimated number
of heavy vehicles passing over this section of road since the time of reconstruction
(1935) is 2,376,000.

3. SITE TESTING

At each of the selected sites the trial section was marked out for the site testing.
Twelve test locations were marked out for each trial section, consisting of 10 metre
spacings in each wheel track.

3.1  Non Destructive Testing

3.1.1 SASW Testing

Spectral Analysis of Surface Waves (SASW) testing was carried out at each of the
twelve test locations, the resulting velocity profiles are included in the Appendix and
moduli calculated for each layer at the position of the test pits, are also included in
Section 4.

SASW is a method for determining the shearwave profile of a pavement system by
measuring the surface waves at two points on the surface. The waveforms at the
surface are separated into their component frequencies and the surface wave velocities
for each frequency are determined. Longer wavelengths travel deeper into the
pavement and so their velocities are influenced by the shearwave velocities of these
deeper layers.

By combining waveforms measured over different distances a dispersion curve of
velocity versus frequency (or more commonly wavelength) is obtained. A pavement
model is then used to produce a theoretical dispersion curve which is then matched to
the experimental data, the model is then adjusted to give the best fit and thus the
shearwave velocity is obtained.

The SASW testing utilised a Toshiba T4700CS laptop computer with a docking
station, fitted with a National Instruments AT2150 dynamic Signal acquisition board
and LabVIEW software. Two Bruel and Kjaer Model 4384 accelerometers, with type
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2635 charge amplifiers and two DeRegt ADR711 accelerometers were used as
Sensors.

The cross power and coherence spectra of surface waves created by hammer blows on
the ground were recorded for various sensor spacings. The coherence function and
cross power spectrum were used to produce a dispersion curve of surface wave
velocity versus wavelength.

Forward modelling was carried out using the programme WINSASW to find
pavement models with theoretical dispersion curves closely approximating the
experimental dispersion curves. This programme requires an initial model of layer
thickness, shear wave velocity, density and poisson”s ratio. These models are
relatively Insensitive to slight variations in the assumed values of density and
poisson”s ratio and generally only the shearwave velocity and depth values are
adjusted to provide the best fit.

The resultant pavement models generally comprise either three or four layers, in some
cases although the layers are shown as distinct changes they may actually represent a
gradual change.

3.1.2 Benkleman Beam Testing

Benkleman beam testing was carried out in accordance with the TNZ T/1
specification at each of the twelve test locations. The shape of the deflection bowl was
obtained by recording the deflection at 0.00, 0.20, 0.30, 0.45, 0.60, 0.90, 1.50 and
10.00 m. The uncorrected measurements are included in the Appendix and are also
summarised in Section 4.

3.2  Physical Testing

At each site a trench was excavated down to the subgrade. These trenches extended
across both wheeltracks and logs of the materials were made for each wheeltrack.
During excavation density and water content readings were taken for the basecourse
and subgrade and once the subgrade was exposed, in situ CBR and Scala
penetrometer tests were made in each wheeltrack. The logs of the trenches and the
results of the density, water content and CBR test results are tabulated in Section 4,
the full test results are also included in Appendix.

Modulus values from both the CBR and Scala penetrometer are tabulated and graphed
together with the SASW results in Section 4.

3.3 Sampling and Laboratory Testing

Samples were taken in each trench of basecourse, sub base and subgrade materials for
laboratory testing and for proposed dynamic modulus testing at a later date. Particle
size analysis tests were carried out on the basecourse samples and remoulded soaked
CBR tests were performed on the subgrade material. The results of these tests are
included in the Appendix and are also discussed in Section 4.
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Undisturbed samples of the subgrade were also taken and have been stored for future
testing. These samples were taken using 100mm push-in tubes, the ends were then
sealed with wax to prevent moisture loss.

3.4 Modulus Calculations

The Young’s modulus, £, has been calculated for the subgrade for each site using
several methods.

From the SASW shearwave velocity profiles the shear modulus, G, is calculated using
the equation:

G = pVs’

Where p = density, Vs = shearwave velocity. For these calculations the densities
measured in the trench were used where available, otherwise typical densities were
used. Since the shearwave velocity is squared the resulting modulus is far more
sensitive to the shearwave velocity than the density.

The Young’s modulus, %, is then calculated using the equation:

E=20+W)G

Where v = poisson’s ratio. Typical poisson’s ratio values were obtained from the
Austroads manual. The SASW method is based on the assumption that the materials
are isotropic, therefore only a single Young’s modulus value is obtained.

For the CBR values the vertical Young’s Modulus is calculated as CBR x 10 as
recommended in the Austroads Pavement Design Guide where an anistropy of 2 is
used.

To obtain an estimate of the Young’s Modulus from the Scala penetrometer the Scala
results (in mm/blow) at the depth of each CBR were obtained. Then using the
relationship described in Figure 5.2 of the Austroads Guide the equivalent CBR value
was obtained. This value is then multiplied by ten to give the Modulus estimate in the
tables below. The same relationship was also used to convert all the Scala
penetrometer data to Modulus for plotting on the graphs in Figure 2.
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4. SUMMARY OF FIELD INVESTIGATION

The results of the site testing have been summarised in Sections 5 and 6. For each site
there are two tables (Tables 1a 1b — 5a 5b) and a graph (in the Appendix). The first
“a” table includes layer thickness CBR and estimates of Modulus. The subgrade
Modulus values for both the SASW and Scala Penetrometer are the values at the
depth of the CBR measurement. The second “b” table includes densities, water
content and Benkleman Beam deflections for tests at the same locations as the
trenching.

The trench location was chosen from the deflection measurement to reflect an average
value for the site. It was noted that there were large differences between the wheel
paths. For example at Ouri Stream Bridge the average maximum deflection was
approximately 3.0mm in the OWT and 1.6mm in the IWT.

The graph shows the log of the trench for each wheeltrack, as well as the Modulus
values from CBR, SASW and Scala penetrometer, plotted against depth from the
surface.

Table 1a. QOuri Stream Bridge.

Thickness | Lab CBR | In Situ | SASWE Scala E
mm (Remoulded) | CBR MPa MPa
MPa MPa
QOuiside Wheel Track
Seal 80 - - 1360 -
Basecourse | 170 - - 15 -
Subgrade NA 70 54 57 102
Inside Wheel Track
Seal 60 - - 1610
Basecourse | 150 - - 18 -
Sub base 140 - - - -
Subgrade NA 70 147 81 166

Table 1b. Ouri Stream Bridge.

Wet Dry Density | Water Benkleman | Deflection
Density t/m2 % beam Mm
t/m2
QOutside Wheel Track
Basecourse | 2.17 2.03 6.8 At trench 3.03
Subgrade 1.49 0.98 51.9 Average 3.14
Inside Wheel Track
Basecourse | 2.25 2.14 4.8 At trench 1.93
Subgrade 1.54 0.96 60.3 Average 1,59
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Table 2a. Nopera Road.
Thickness | Lab CBR |In Situ | SASWE Scala E
mm (Remoulded) | CBR MPa MPa
MPa MPa
OCutside Wheel Track
Seal 30 - - 2320 -
Basecourse | 340 - - 129 .
Subgrade 1 { 100 - 68 76 96
Subgrade 2 | NA 10 - 26 -
Inside Wheel Track
Seal 40 - - 2720
Basecourse : 140 - - 171 -
Sub base 40 - - - -
Subgrade NA 10 222 100 219
Table 2b. Nopera Road.
Wet Dry Density | Water Benkleman | Deflection
Density t/m2 Yo beam Mm
t/m2
QCutside Wheel Track
Basecourse | 2.19 2.09 4.9 At trench 3.13
Subgrade 1.51 0.94 61.1 Average 2.68
Inside Wheel Track
Basecourse ! 2.13 2.03 5.3 At trench 2.02
Subgrade 1.51 0.89 69.6 Average 2.41
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Table 3a. Warwick Road/Hiils Road.
Thickness | Lab CBR [ In situ | SASWE Scala E
mm (Remoulded) | CBR Mpa MPa
Mpa Mpa
Ontside Wheel Track
Seal 120 - - 10060 -
Basecourse | 240 - - 445 -
Sub base 60 - - - -
Subgrade NA 20 132 171 89
Inside Wheel Track
Seal 120 - - 10390 -
Basecourse | 430 - - 820 -
Sub base 60 - - - R
Subgrade NA 20 110 146 102
Table 3b. Warwick Road/Hills Road.
Wet Dry Density | Water Benkleman | Deflection
Density t/m2 % beam mm
t/m2
Outside Wheel Track
Basecourse | - - - At trench 1.01
Subgrade 1.51 0.91 65.4 Average 0.98
Inside Wheel Track
Basecourse | - - - At trench 0.64
Subgrade 1.58 0.98 61.4 Average 0.67
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Table 4a. Anderson Road.

Thicknes | Lab CBR [In situ | SASW E Scala E
s {Remoulded) | CBR Mpa Mpa
mm Mpa Mpa
Qutside Wheel Track
Seal 30 - - 3160 -
Basecourse | 430 - - 92 -
Subgrade NA 10 41 35 44
Inside Wheel Track
Seal 30 - - 3160 -
Basecourse | 300 - - 105 -
Sub-base 130 - - - -
Subgrade NA 10 56 56 44

Table 4b, Anderson Road

Wet Dry Density | Water % Benkleman | Deflection
Density t/m2 beam mn
t/m2
Qutside Wheel Track
Basecourse | 2.17 2.06 51 At trench 2.7
Subgrade 1.30 0.61 114.3 Average 2.8
Inside Wheel Track
Basecourse | 2.13 2.03 4.7 At trench 2.7
Subgrade 1.47 0.78 88.2 Average 2.43
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Table 5a. Patea Township.
Thickness | LabCBR In situ | SASWE Scala E
mm (remoulded) | CBR MPa MPa
MPa MPa
Outside Wheel Track
Seal 70 - - 3390 -
Basecourse | 140 - - 145 -
Subgrade 70 - - - -
Sub base 70 - - -
Subgrade NA 110 334 126 166
Inside Wheel Track
Seal 50 - - 3390 -
Basecourse | 170 - - 128 -
Subgrade NA 110 131 104 166
Table 5b. Patea Township.
Wet Dry Density | Water Benkleman | Deflection
Density t/m2 % beam mm
t/m2
Qutside Wheel Track
Basecourse | 2.12 2.01 5.4 At trench 1.45
Subgrade 1.76 1.47 20.4 Average 1.56
Inside Wheel Track
Basecourse | 2.13 2.03 5.0 At trench 1.59
Subgrade 1.59 1.15 38.4 Average 1.88
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5. ANALYSIS OF RESULTS
5.1 Traffic Loads

Traffic data and extrapolation method for each road were discussed in Section 2. The
power law factor, Fp equal to 1.1 and mean ESA per HCV equal to 1.0 were adopted
for estimating traffic load in terms of ESA (Equivalent Single Axle). These figures
were taken from Design Traffic Data for the New Zealand Supplement in the
Austroads Pavement Design Guide. The estimated traffic loadings per lane (ESA)
based on two lanes are presented below in Table 6.

Table 6. Actual traffic load (ESA) for various roads.
Location Reconstruction | Estimated Estimated Total
year ESA (1938 to | ESA from | ESA/lane
1980) traffic count | until 1996
data (1980 to | NL
1996)
Quri Stream | 1935 447,751 283,749 365,750
Bridge
Nopera Road | 1935 447,751 283,749 365,750
Warwick 1986 - - 732,600
Road/ Hills
Road
Anderson 1986%* - - 732,600
Road
Patea 1935 1,537,575 1,076,025 1,306,800
Township

5.2  Comparison of Modulus Values

The estimated moduli of subgrade of the IWT and OWT obtained using various
methods are tabulated below in Table 7. Also presented in the table are the thickness
of base layers, including the thickness of chipseal surface when it is greater than or
equal to 50 mm.

The conversion from CBR to vertical modulus value was calculated by multiplying by
ten as recommended in the Austroads Pavement Design Guide. The deflection bowl
modulus was back calculated using the EFROMD?2 software. In the analysis only the
deflection bowl and layer thickness were used as an input. The analysis was
performed without any attempt to modify the results by adjustments based on a
knowledge of the subgrade type or in situ CBR data. As the derivation of the SASW
Modulus 1s based on the assumption that the material is isotropic, the modulus has
been multiplied by 1.5 to obtain the vertical modulus (based on an assumed Poisson’s
ratio of 0.45)

19




Table 7.

Comparison of vertical modulus values.

Location Thickness | Lab In Situ | SASW | Scala E | Deflection
CBR CBR E MPa Bowl E
MPa MPa MPa MPa
Ouri Stream | IWT | 350 70 147 86 102 50
Bridge OWT | 250 70 54 122 166 50*
Nopera Road | IWT | 180 10 222 150 219 17
OWT | 340 10 68 114 96 46
Warick Road | IWT | 610 20 110 219 102 87
/HillsRoad | OWT | 420 20 132 257 89 58
Road IWT | 430 10 56 84 44 22
Anderson OWT | 430 10 41 53 44 36
Patea IWT 1220 110 131 156 166 34
Township OWT | 350 110 334 189 166 93

6. APPLICATION TO THE AUSTROADS PAVEMENT DESIGN GUIDE

The Design Guide (1992) recommends a mechanistic approach, which uses the
compressive strain at the top of the subgrade to evaluate pavement life. Commercially
available software CIRCLY version 3.0 was used to evaluate compressive strain, It
uses a modular sublayering system as described in the guide and treats each layer as
elastic.

6.1 Input Parameters

The various input parameters for the elastic analysis of pavement layers using
CIRCLY to evaluate the pavement life are listed below.

6.1.1 Subgrade Moduli

Subgrade moduli were obtained from field or lab measurements and were presented in
Table 7. They varied considerably between the wheel paths TWT and OWT) and also
among the method of measurements. Therefore all the results were analysed
separately.

For the modulus from deflection bow! and SASW, the value at the trench was used to
allow a direct comparison with the other measurements.

6.1.2 Thickness of Granular Layer

Thickness of the granular base layer and the surface were taken from the trench data.
All the road surfaces were chipseal and their elastic behaviour under traffic loads is
not known therefore in the analysis it was assumed that chipseal perform in the same
way as the base materials and any thickness larger than 50 mm was included in the
basecourse thickness.

There is a considerable difference between IWT and OWT thicknesses and this has
resulted in a significant difference in subgrade strains.
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6.1.3 Modulus of Granular Layer

Moduli of the granular base generally range from 300 to 500 MPa. For the analysis, a
Young’s modulus of 300 MPa is assumed, which is considered justified for the study
as it gives conservative results and is also substantiated by the fact that the results
(pavement life) are not very sensitive to the moduli. An anistropic configuration with
a ratio of vertical to horizontal moduli of 2 was assumed.

6.1.4 Traffic
A traffic load equivalent to ESA as defined in the guide, and the load spectrum with
tyre pressure of 0.70 MPa and a contact radius of 95 mm was assumed.

6.2  Comparison of Results

6.2.1 Strain-Life Relationship

The compressive subgrade strains obtained from the Circly Analysis are given in
Table 8. These results are illustrated in Figure 1 together with the Austroads
Pavement Design Guide fatigue relationship. In this figure only the highest strain for
each road section has been plotted except for the extreme in situ strain for Nopera
using the laboratory CBR. It can be seen that:

1. Warwick Road appears as an outlier with a very low strain.

2. The in situ CBR and Scala-derived strains fall very close to the Austroads
relationship.

3. The SASW-derived strains also fall close to the Austroads relationship.

4. The deflection-based strains are significantly greater than the Austroads

relationship.
Table 8. Compressive subgrade strain based on modulus from different tests.
Site Total Test Method
ESA
Lab In situ SASW | Scala | Deflection

Ouri IWT 365750 | 1137 611 1514 550 1492

OWT 1733 2048 3072 1251 | 2275
Nopera IWT | 365750 | 13057 1036 3003 1048

OWT 5606 1201 1644 903 1648
Warick IWT | 1332000 | 1375 370 441 394 | 447

OWT 2441 544 657 751 1054
Anderson |IWT | 732000 | 4009 1053 1580 1268 | 2197

OWT 4009 1338 2366 1268 | 1499
Patea IWT | 1306800 | 1941 2012 2208 1002 | 3747

OWT 781 1220 1044 1002 | 899
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Maximum subgrade strain traffic relationship.

Figure 1.
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6.2.2 Comparison of Modulus

Figure 2 compares the relationship between the CBR derived modulus and that
obtained with the other methods on each graph the I1:1 relationship is shown.
Although there is a general trend in the relationships there is considerable scatter in all
the data. From an inspection of the data it would appear that the deflection derived
modulus values result in the worst correlation with the CBR derived values.

Figure 2. Comparison of modulus values derived from the various test methods.
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6.2.3 Water Content - Modulus Relationships
Figure 3 illustrates the relationship between the water content of the brown ash
subgrade and modulus. In all cases there is a general trend with higher modulus
values associated with lower water contents.

Figure 3. Water content modulus relationships.
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6.2.4 Deflection - Life Relationship
Figure 4 illustrates the relationship between the maximum deflection (at the trench)
and the observed pavement life. The three lower volume road sections have deflection

values well above the relationship given by Austroads.

Figure 4. Comparison of deflection requirements of the Austroads Guide with
the test sites.
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7. DISCUSSION

Of the five road sections analysed Warick Rd appears as an outlier. It has a
significantly lower deflection and subgrade strain than the other sections even though
the subgrade is brown ash with similar modulus and water content values. The Circly
analysis and comparison with the Austroads strain criteria suggest that this section has
failed prematurely. The only major difference between this section and the others is
that the basecourse is composed of shellrock where the other pavements have a
granular base. It is considered that this pavement may have failed through a shear
failure of the basecourse rather than an accumulation of plastic strain in the subgrade.

The performance of the other four road sections compare well with the Austroads
Guide based on the in situ CBR results. In a current Transfund Research Project
(Alabaster, 1998), a review of models relating the accumulation of plastic strain in
subgrade soils has been performed. This review has highlighted two models which
use a ratio of the applied stress to the static shear stress as a controlling variable in the
deformation characteristics of soils under dynamic loading rather than modulus or
compressive strain, It is considered that as the CBR test is a measure of the shear
strength of a soil that the relationship found in this research tends to support the
theoretical models.

Volcanic soils such as the brown ash do not conform to the CBR- modulus
relationship given in the Austroads Guide based on back calculation of the deflection
bowl. It would appear that the low strain modulus derived from the SASW
measurement may have a better correlation.

8. CONCLUSIONS

This investigation has confirmed the field experience in Wanganui in that pavements
constructed on brown ash can tolerate significantly higher deflections and therefore
higher subgrade strains than given in the Austroads Pavement Design Guide.

The performance of four of the five road sections investigated has shown that when
the performance of these pavements are analysed in terms of their in situ CBR then
they conform with the Austroads relationship.

The design of pavement overlays using a deflection based approach as given in
Section 10 of the Austroads Guide is therefore not appropriate for volcanic subgrades,
but this investigation indicates that the overlay design approach given in the New
Zealand supplement to the guide would result in more realistic overlay thicknesses.
There 1s insufficient data to confirm that the slope of the fatigue relationship given in
the Austroads Guide is valid for brown ash subgrades.

The results also indicate that the scala penetrometer and the SASW technique could
be used as rapid methods to assist in pavement overlay design. Both techniques give
modulus values that are similar to those derived from the in situ CBR test.

As would be expected the laboratory soaked CBR gives a conservative estimation of
in situ subgrade properties.
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9. RECOMMENDATIONS
It is recommended that on volcanic soils:

o The Austroads Pavement Design Guide deflection based overlay procedure
should not be used.

e The CBR x 10 estimation of modulus as an input to pavement design be used
in designing unbound pavements

e The relationship given above should not be used to calculate pavement
deflection or the strains that could develop in bound materials. For this type of
analysis CBR x 3 should be used to estimate the subgrade modulus.

¢ That further research be performed to determine if the slope of the subgrade
fatigue life relationship given in the Austroads guide is appropriate for

volcanic subgrades.

e That further research be performed to determine the factors controlling the rate
of permanent deformation of soils under dynamic loading.
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APPENDIX

Benkleman beam

SASW

Trench logs

Density and Water content
Scala penetrometer

CBR In situ and Remoulded

Particle Size Analysis
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Job Austroads Testing Wanganui Sampled by Evan Huiruza
Location Quri Stream Bridge East Sample method NZS 4402:1986
Origin Ezxisting Pavement Sample condition  Damp - sealed
Sampling date 18 June 1997

Bowl of Deflection Test Report
Test Method TNZ T/1:1977 Benkelman Beam Test
Date tested 18-06-1997

Site Displacement metres

Location Dial Gauge Reading mm

0 0.2 0.3 0.45 0.6 0.9 1.5 10
Site 1 10.02 9.52 9.23 8.6 8.32 7.95 7.85 7.81 -
Site 2 10 9.8 9.6 9.5 9.4 9.3 9.2 9.15
Site 3 10.01 9.78 9.6 9.32 9.15 8.95 8.87 8.82
Site 4 10.1 9.83 9.7 9.6 9.53 9.41 9.33 9.27
Site § 10 9.55 9.25 8.3 8.6 8.58 8.56 8.53
Site 6 10 9.82 9.7 9.52 9.42 9.3 9.24 9.13
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Site 8 10 9.74 9.61 9.48 9.38 9.29 9.24 9.2
Site 9 10 9.5 9.03 8.8 8.5 8.3 8.31 8.25
Site 10 10.02 9.88 9.73 9.61 9.53 9.4 9.32 9.27
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Job Austroads Testing Wanganui Sampled by Evan Huirua
Location Quri Stream Bridge East Sample method NZS 4402:1986
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Sampling date 18 June 1997
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Opus International Consultants
PO Box 30-845

Lower Hutt
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CONMSULTANTS

Tab Ref 97/M0505
Inquiries to Evan Huirua
Report No. 970505.1
Page 1
Job Austroads Testing Wanganui Sampled by Evan Huirua
Location Nopera Road South Sample method NZS 4402:1986
Qrigin Existing Pavement Sample condition  Damp - sealed
Sampling date 18 June 1997
Bowl of Deflection Test Report
Test Method TNZ T/1:1977 Benkelman Beam Test
Date tested 19-06-1997
Site Displacement metres
Location Dial Gauge Reading mm
0 0.2 0.3 0.45 0.6 0.9 1.5 10
Site 1 10.02 9.8 9.63 9.44 9.27 9.05 8.98 8.96
Site 2 10.01 9.85 9.6 9.4 9,22 8.9 8.67 8.65
Site 3 10.01 9.7 5.4 9.15 8.9 8.66 8.55 8.55
Site 4 10 9.83 9.7 9.5 9.38 9.2 9.11 9.08
Site S 10.03 9.8 9.56 9.29 9.08 8.69 8.5 8.49
Site & 10 9.85 9.72 9.54 9.43 9.3 9.17 9.12
Site 7 10.05 9.8 9.5 9.3 9.1 8.65 8.54 8.53
Site 8 10.01 9.87 9.73 9.57 9.48 9.34 9.24 9.19
Site 9 10.04 9.9 9.7 9.5 9.32 9.1 8.93 8.88
Site 10 10.01 9.87 9.76 9.6 9.5 9.36 9.25 9.23
Site 11 10.04 9.9 9.75 9.56 9.37 9.1 8.92 8.87
Site 12 10 9.87 9.5 9.3 9 8.7 8.55 8.48
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Job Austroads Testing Wanganui Sampled by Evan Huirua
Location Nopera Road South Sample method NZS 4402:1986
QOrigin Existing Pavement Sample condition Damp - sealed

Sampling date 18 June 1997

Bowl of Deflection Test Report Graph

Test Method TNZ T/1:1977 Benkelman Beam Test
Date tested 19-06-1997

10

——Site 1
% —E—Site 2
—&—Site 3
N ——— Site 4
——Site §
—#—Site 8
—t—Site 7
e Site B
Site §
——Site 10
~ ] — Site 11
e f— Site 12

Dial Gauge Reading mm
9
|

-
ﬂ% 4@%

0 1 2 3 4 5 6 7 8
Displacement metres

w
d
(=]

TELARC

Thix laboratory is registeced by the Terting Laboratory
Regletration Coundl of New Zealand. The tests reparted
herain have boen perfarmed Lo socordance with L5 tecms of

regirmratien, This report mar not be reproduced except In full.

Approved Signatory Cf N
Laboratory Manager Dae 2/ 7 1 7 7/

Copynght: This report is confidential between the chient and the issuang labonetory end may niet be treded or copied wathout the express consent of both partes.

EOpus International Consultants {37 Bedford Avenue i Telephona: (06} 345 0042 iFormen'y Works
itimited (PO Box 654 iFacsimila: (06) 345 0041 Consuftancy
§WanganuiLabarafary Wanganui, New Zealand Web site: www.opus.co.nz | Services Limited

i Quality Management Systems Cerlified to ISO
0001



2107197
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Opus International Consultants
PO Box 30-845

Lower Hutt

INTERRATIONAL
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Lab Ref 97/M0503
Inquiries to Evan Huirua
Report No. 970503.1
Page 1
Job Austroads Testing Wanganui Sampled by Evan Huirua
Location Warwick Rd - Hills Rd Sample method NZS 4402:1986
Origin Existing Pavement Sample condition Damp - sealed

Sampling date 21 June 1997

Bowl of Deflection Test Report
Test Method TNZ T/1:1977 Benkelman Beam Test
Date tested 21-06-1997

Site Displacement metres
Location Dial Gauge Reading mm
) 0.2 0.3 0.45 0.6 0.9 1.5 10
Site 1 10 9.94 9.91 9.88 9.86 9.84 9.81 9.74
Site 2 10.01 9.97 9.95 9.93 9.92 9.91 9.89 9.82
Site 3 10.02 9.97 9.92 9.87 9.85 9.81 9.77 9.69
Site 4 10.01 9.99 9.98 9.96 9.95 9.93 9.9 9.84
Site § 10 9.92 5.82 9.79 9.76 9.73 9.7 9.64
Site 6 10 9.95 9.91 9.88 9.86 9.84 9.82 9.78
Site 7 10.01 9.97 9.92 9.86 9.83 9.8 9.76 9.71
Site 8 10.01 9.98 9.96 9.93 9.91 9.89 9.86 9.81
Site 9 10.01 9.96 9.9 9.76 9.72 9.65 9.6 9.54
Site 10 10.01 9.92 9.86 9.81 9.73 9.74 9.71 9.67
Site 11 10 9.96 9.91 9.84 9.8 9.75 9.71 9.65
Site 12 10 9.95 5.9 9.86 9.82 9.79 9.76 9.72
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Inquiries to Evan Huirua
Report No. 970503.1
Page 2
Job Austroads Testing Wanganui Sampled by Evan Huirua
Location Warwick Rd - Hills Rd Sample method NZS 4402:1986
Origin Existing Pavement Sample condition = Damp - sealed
Sampling date 21 June 1997

Bowl of Deflection Test Report Graph

Test Method TNZ. T/1:1977 Benkelman Beam Test
Date tested 21-06-1997
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Job Austroads Testing Wanganui Sampled by Evan Huirua
Location Anderson Road North Sample method NZS 4402:1986
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Sampling date 23 June 1997

Bowl of Deflection Test Report
Test Method TNZ T/1:1977 Benkelman Beam Test
Date tested 23-06-1997

Site Displacement metres
Location Dial Gauge Reading mm
0 0.2 0.3 0.45 0.6 0.9 1.5 10
Site 1 10.01 9.92 9.78 9.6 9.5 9.37 9.2 2.1
Site 2 10 9.9 9,82 9.69 9,58 9.5 9.3 9.15
Site 3 10 9.84 9.73 9.63 9.54 9.45 9.4 9.34
Site 4 10 9.9 9.85 9,77 9.7 9.6 9.51 9.46
Site 5 10,01 9.83 9.67 9.48 9.32 9.16 9.07 9
Site 6 10 9.89 9.7% 9.64 9.54 9.36 9.21 8.13
Site 7 10 9.6 9.4 9 3.7 8.34 8.02 7.9
Site 8 10 9.88 9.75 9.53 9.38 9.13 3.34 8.71
Site 9 10.02 9.85 9.7 9.53 9.4 9.19 8.99 8.9
Site 10 10 9.85 9.63 9.6 9.48 9.3 9.12 8.99
Site 11 10.01 9.89 9.7 9.5 9.35 5.15 8.97 8.9
Site 12 10 9.84 9.75 9.6 9.5 9.35 9,21 9.12
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Page 2
Job Austroads Testing Wanganui Sampled by Evan Huirua
Location Anmderson Road North Sample method NZS 4402:1986
Crigin Existing Pavement Sample condition  Damp - sealed

Sampling date 23 June 1997

Bowl of Deflection Test Report Graph
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Lab Ref 97/M0501
Inquiries to Evan Huirua
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- Page 1
Job Austroads Testing Wanganui Sampled by Evan Huirua
Location Patea Township Site Sample method NZS 4402:1986
Origin Existing Pavement Sample condition = Damp - sealed
Sampling date 20 June 1997
Bowl of Deflection Test Report
Test Method TNZ T/1:1977 Benkelman Beam Test
Date tested 20-06-1997
Site Displacement metres
Location Dial Gauge Reading mm
0 0.2 0.3 0.45 0.6 0.9 1.5 10
Site 1 10 9.8 9.7 9.6 9.55 9.52 9.49 9.47
Site 2 10 9.87 9.67 9.4 9.32 9.26 9.24 9.2
Site 3 10.01 9.72 9.58 9.45 9.39 9.34 9.31 9.29
Site 4 16.02 9.83 9.7 9.47 9.35 9.25 9.24 9.2
Site § 10 9.85 9.75 9.55 9.45 9.4 9.38 9.35
Site 6 10 9.8 9.63 9.43 9.32 9.25 9.24 9.23
Site 7 10.03 5.73 9.58 9.3 9.17 9.1 9.07 9.03
Site 8 10.01 9.67 9.48 9.2 9 8.85 8.83 3.8
Site 9 10.02 9.89 9.77 9.55 0.45 9.38 9.35 9.32
Site 10 10.02 9.86 9,78 9.42 9.27 9.1 9.06 9.02
Site 11 10 9.87 9.76 9.63 9.53 9.48 9.45 9.42
Site 12 10.01 9.83 9.7 9.53 9.38 9.23 9.2 9.17
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Job Austroads Testing Wanganui Sampled by Evan Huirua
Location Patea Township Site Sample method NZS 4402:1986
Origin Existing Pavement Sample condition  Damp - sealed
Sampling date 20 June 1997

Bowl of Detflection Test Report Graph

Test Method TNZ T/1:1977 Benkelman Beam Test
Date tested 20-06-1997
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Alan Sutherland

Opus International Consultants
PO Box 30-845

Lower Hutt

ITHTERXHATIONAL
CONSULYTANTS

Lab Ref 97/M0504
Inquiries to Evan Huirua
Report No. 970504.1
Page 10
Tab Austroads Testing Wanganui Sampled by Evan Huirua
Location  Ouri Stream Bridge East Sample method NZS 4402:1986
Origin Existing Pavement Sample condition Damp - sealed

Sampling date 18 June 1997

Pavement Trench Log

Date of log 18-06-1997
Detail Thickness Description

Ouri Stream mm

Bridge East

5 (OWT) Seal 20

Trench B/C 170 Volcanic Silty Sandy GRAVEL
8/G NA Soft Brown ASH (fairly sandy)

6 (IWT) Seal 60

Trench B/C 150 Volcanic Silty Sandy GRAVEL
S/B 140 Firm Pumice
SIG NA Soft Brown ASH

Signed %\M
Laboratory Manager . Date L/ 7 177

Copyright: This repor is confiderival berween the client and the isswng lbomtory and may not be maded or eopred without the express consent of both parnes.

: Opus International Consultants ;37 Bedford Avenue i Telephone: (06) 3450042 | Formerly Works
iLimited iFPO Box 654 i Facsimile: (06) 3450041 | Consultancy
{Wanganul Laboratory i Wanganul, New Zealand { Web site: www,opus.co.nz | Services Limited

i Qualily Managemant Syslama Corlified lo IS0
001



2/07/97

Alan Sutherland

Opus International Consultants
PO Box 30-845

Lower Hutt

INTERNATIONAL
CONSULTANTS

Lab Ref 97/MO0505
Tnquiries to Evan Huirua
Report No. 970505.1
Page 10
Job Austroads Testing Wanganui Sampled by Evan Huirua
Location Nopera Road South Sample method NZS 4402:1986
Origin Existing Pavement Sample condition  Damp - sealed
Sampling date 18 June 1997

Pavement Trench Log

Date of log 19-06-1997
Detail Thickness Description
Nopera Road mm
South
5(0WT) Seal 30
Trench B/C 340 Volcanic Silty Sandy GRAVEL
S/G 100 Firm Brown ASH (depth of CER 410mm)
S/G NA Soft Light Brown Plastic SILT
6 IWT) Seal 40
Trench B/C 140 Volcanic Silty Sandy GRAVEL
S/B 40 Firm Pumice
S/IG NA Soft Light Brown Plastic SILT (depth of CER. 220mm)

Laboratory Manager Date 2/ r\/'l ?7

Copyright: This repost is confidental between the chient and the issuing liboratory and may net be truded or copied without the express eonsent of both pares.

i Opus International Consultants {37 Bedford Avenue i Telephone: (06) 3450042 | Formerly Works
Limited iPO Box 654 { Facsimile: (06} 345 0041 i Consultancy
i Wanganui Laboratory i Wanganui, New Zealand i Web sjte: www.opus.co.nz | Services Limited

i Qualily Managemenl Syslems Cerlified 10 1SO
0007



2/07/97

Alan Sutherland

Opus International Consultants
PO Box 30-845

Lower Hutt

IHTERNATIONAL
CONSULTANTS

Lab Ref 97/M0503
Inquiries to Evan Huirua
Report No. 970503.1
Page 10
Job Austroads Testing Wanganui Sampled by Evan Huirua
Location Warwick Rd - Hills Rd Sample method NZS 4402:1986
Origin Existing Pavement Sample condition  Damp - sealed
Sampling date 21 June 1997

Pavement Trench Log

Date of log 21-06-1997

Detail  Thickness  Description
‘Warwick Rd - mm
Hills Rd
5 (OWT) Seal 120
Trench B/C 240 Volcanic Silty Sandv GRAVEL

S/B 60 Gravelly Light Brown Plastic SILT

S/G NA Soft Brown ASH (depth of CBR 700mm)
6 (IWD) Seal 120
Trench B/C 430 Volcanic Silty Sandy GRAVEL

S/B 60 Gravelly Light Brown Plastic SILT

S/G NA Soft Brown ASH (depth of CBR 670mm)

= Z
Laboratory Manager Date L/ T 177

. Copynght This report is confidential between the chent and the issung labortory sad may not be taded or copied without the express consent of both parties. .

i Opus International Consultants :37 Bedford Avenue i Telephone: (06) 345 0042 | Formerly Works
Limited iPO Box 654 i Facsimile: (06) 345 0041 t Consullancy
:Wanganui Laboratory Wanganul, New Zealand Web sile: www.opus.co.nz Services Limited

i Quality Managomen! Systems Cartifiad lo 1SQ
19001



2/07/97

Alan Sutherland

Opus International Consultants
PO Box 30-845

Lower Huti

INTERMATIONAL
COHSULTANTS

Lab Ref 97/M (502
Inquiries to Evan Huirua
Report No. 970502.1
Page 10
Job Austroads Testing Wanganui Sampled by Evan Huirua
Location Anderson Road North Sample method NZS 4402:1986
QOrigin Existing Pavement Sample condition = Damp - sealed
Sampling date 23 Jupe 1997

Pavement Trench Log

Date of log 23-06-1997

Detail  Thiclkness Deseription
Anderson Road mm
North
S (OWT) Seal 30
Trench B/C 430 Silty Sandy GRAVEL (volcanic)

S/IG NA Light to Reddish Brown ASH (wet) depth to CBR 650mm
10 OWT) Seal 30
Trench B/IC 300 Silty Sandy GRAVEL (volcanic)

5/B 130 Gravelly SILT

S/G NA Light to Reddish Brown ASH (wet) depth to CBR 650mm

Signed .
Laboratory Manager Qe\ %—u’—m Date ’Z 7 / 7 7

pyright; This repart is confidential between the chent md the issuing labarstory and may not be traded ar capied w;!hnm the express conuent of both

EOpus International Consultants 137 Bedford Avenue i Telsphone: {06} 34§ 0042 Formerly Works
iLimited iPO Box 654 { Facsimile: (06) 345 00471 | Consultancy
iWanganui Laboratory i Wanganuli, New Zealand i Web site: www.opus.co.nz | Services Limited

i Qualily Management Systems Certified o ISO
oot



1/07/97

Alan Sutherland

Opus International Consultants
PO Box 30-845

Lower Hutt

INTERNATIOHAL
CONSULTANTS

Lab Ref 97/M0501
Inquiries to Evan Huirua
Report No. 970501.1
Page 10
Job Austroads Testing Wanganui Sampled by Evan Huirua
Location Patea Township Site Sample methed NZS 4402:1986
Origin Existing Pavement Sample condition = Damp - sealed
Sampling date 20 June 1997

Pavement Trench Log

Date of log 20-06-1997
Detail Thickness Description
Patea Township mm
5 (OWT) Seal 70
Trench B/C 140 Grey Silty Sandy GRAVEL (volcanic)
3G 70 Light Brown SILT (gravels)
S/B 70 Black SAND
S/G NA Light Brown SILT (depth to CBR 350mm)
6 (JWT) Seal 50
Trench B/C 170 Grey Silty Sandy GRAVEL (volcanic)
SIG NA Light Brown SILT (depth to CBR 280mm)

Laboratory Manager Date / / 7 / ?7

Copyright: This report is confidential between the client and the issuing laborstary snd may not be traded of copncd wifhout the express consent of both parties.

f;Opas international Consultants i 37 Bedford Avenue i Telephone: {06) 345 0042 Formarly Works
iLimited PO Box 654 i Facsimile: (06) 345 0041 i Consultancy
{WanganuiLaboratory i Wanganul, New Zealand i Web site: www,opus.co.nz | Services Limited

i Qualily Mensgemenl! Systemas Carlified to ISO
9001



2/07/97

Alan Sutherland

Opus International Consultants
PO Box 30-845

Lower Hutt

INTERRATIONAL
COMIULTANTS

Lab Ref 97/M0504
Inquiries to Evan Huirua
Report No. 970504.1
Page 4
Job Austroads Testing Wanganui Sampled by Evan Huirua
Location Ouri Stream Bridge East Sample method NZS 4402:1986
Origin Existing Pavement Sample condition Damp - sealed

Sampling date 18 June 1997

Insitu Density Test Report

Test method NZS 4407:1991 Test 4.2.1 Nuclear - Direct Transmission Method

Date of test 18-06-1997

Ouri Stream Bridge East Trench at sites 5 and 6

5 (OWT) Detail 1 2 3 Average

B/C Wet t/m3 2.199 2.125 2.187 2.170
Dry t/m3 2.051 1.990 2.055 2.032
Water % 7.200 6.800 6.400 6.200

5(OWT) Detail 1 2 3 Average

SIG Wet t/m3 1.415 1.535 1.5309 1.486
Dry t/m3 0.908 1.032 0.999 0.979
Water % 55.900 48.800 51.100 51.933

6 (IWT) Detail 1 2 3 Average

B/C Wet t/m3 2.245 2.245 2.244 2.245
Dry t/m3 2.142 2.142 2.141 2.142
Water % 4.800 4,800 4.800 4.800

6 (IWT) Detail 1 2 3 Average

S/G Wet t/m3 1.479 1.566 1.572 1.539
Dry t/m3 0.918 0.979 0.984 0.960
Water % 61.100 59.900 59.800 60.267

TELARC

This laberatery iz registered by the Testing Laboratory
Reglrmration Councll of New Zealand. The tests reported
bereln have boen performed Lo aceordanee with s tacms of
regtstration. This report may not be reproduced except in full

Approved Signatory f %AM
Laboratory Manager Date Z/ 7 / 7 7

Copynght: This report is confidential between the client and the issuing laborulory snd sy not be taded or copied vothout the express consent of both parties.

§Opus International Consultants i 37 Bedford Avenue : Telephone: (06) 3450042 Formerly Works
;le!ted PO Box 654 i Facsimile: (06) 3450041 i Consullancy
i Wanganui Laboratory i Wanganui, New Zsaland i Web site: www.opus.co.nz | Services Limited

Quality Management Syalemas Certified to ISO
10001



2/07/97

Alan Sutherland

Opus International Consultants
PO Box 30-845

Lower Hutt

INTERNATIONAL
CONSULTANYS

Lab Ref 97/M0505
Inquiries to Evan Huirua
Report No, 970505.1
Page 4
Job Austroads Testing Wanganui Sampled by Evan Huirua
Location Nopera Road South Sample method NZS 4402:1986
Origin Existing Pavement Sample condition  Damp - sealed

Sampling date 18 June 1997

Insitu Density Test Report

Test method NZS 4407:1991 Test 4.2.1 Nuclear - Direct Transmission Method

Date of test 19-06-1997

Nopera Road South Trench at sites 5 and 6

5 (OWT) Detail 1 2 3 Averape

B/C Wet t/m3 2.122 2.250 2.198 2.190
Dry t/m3 2.029 2.147 2.089 2.088
Water % 4.600 4.800 5.200 4.867

5(OWT) Detail 1 2 3 Average

/G Wet t/m3 1,487 1.555 1.501 1.514
Dry /m3 0.916 0,971 0.933 0.940
Water % 62.300 60.200 60.900 61.133

6 (IWT) Detail 1 2 3 Average

B/C Wet t/m3 2.092 2.155 2.156 2.134
Dry t/m3 1.989 2.048 2.044 2.027
Water % 5.200 5.200 5.500 5.300

6 (IWT) Detail 1 2 3 Average

S/IG Wet t/m3 1.508 1.516 1.512 1.512
Dry t/m3 0.886 0.891 0.897 0.892
Water % 70.200 706,100 68.500 69.600

TELARC

This laboratory is registered by the Testing Laboratory
Registration Councll of New Zmuland The tests reported
het#in bave besa pesfartned Lo accordance with iy terms of
reglstration. This repart mav not be reproduced except lo full

Approved Signatory C : %D_;_“)\
Laboratory Manager Date 2/ 7 | ?7

Copyright: This report is confidentia! berween the clent and the isswng luboratory and may not be traded or copied without the express consent of both partcs.

EOpus Internatfonal Consultants 137 Bodford Avenue Telephons: (06} 345 0042 Formerly Works
iLlmitad PO Box 654 Facsimile: (08) 345 0041 i Consultancy
iWanganui Laboratory Wanganui, New Zealand

Web site: www.opus.co.nz | Sarvices Limited
i Quality Managamant Syslems Cerlified 1o ISO H T
ibop1
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Alan Sutherland

Opus International Consultants
PO Box 30-845
Lower Hutt

INTERNATIOMAL
CONJULTAKNTS

Lab Ref 97/M0503
Inquiries to Evan Huirua
Report No. 970503.1
Page 4
Job Ausiroads Testing Wanganui Sampled by Evan Huirna
Location Warwick Rd - Hills Rd Sample method NZS 4402:1986
QOrigin Existing Pavement Sample condition  Damp - sealed
Sampling date 21 June 1997

Insitu Density Test Report

Test method NZS 4407:1991 Test 4.2.1 Nuclear - Direct Trapsmission Method

Date of test 21-06-1997

Warwick Rd - Hills Rd Trench at sites 9 and 10

3 (OWT) Detail 1 2 3 Average

B/C Wet t/m3 Not tested Not tested Not tested Not tested
Dry t/m3 Not tested Not tested Not tested Not tested
Water % Not tested Not tested Not tested 0.000

5({CWT) Detail 1 2 3 Average

S/G Wet t/m3 1.442 1,591 1.502 1.512
Dry t/m3 0.855 0,968 0.920 0.914
Water % 68.600 64.400 63.200 65.400

6 (IWT) Detail 1 2 3 Average

B/C Wet t/m3 Not tested Not tested Not tested Not tested
Dry t/m3 Not tested Not tested Not tesied Not tested
Water % Not tested Not tested Not tested Not tested

6 IWT) Detail 1 2 3 Average

S/IG Wet t/m3 1.545 1.599 1.596 1.580
Dry t/m3 0.954 0.992 0.991 0.979
Water % 62.000 61.200 61.100 61.433

TELARC

Thls Esboratory Ls reglstered by the Testlog Laboratory
Repiriration Councll of New Zealznd. The tenis reported
bereln bhave brea performed |n sccordanse with He tertns of
reglytration. This report may nof be resroduced except in full

Approved Signatory :i g’i .
Laboratory Manager Date </ 7 / ?7

. Copyright: This report is confidental between the client ang tha issuing laborstory and may nat be traded or copied without the express consent of bath pastes, .

i Opus International Consuftants i 37 Bedford Avenue i Telophone: (08) 3450042 | Formerly Works
iLimited PO Box 654 i Facsimile: (06) 345 0041 : Consultancy
iWanganui Laboratory i Wanganui, New Zealand i Web site: www.opus.co.nz i Services Limited

Quality Management Systems Cerlifiad to ISO
0001
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Alan Sutherland

Opus International Consultants
PO Box 30-845

Lower Hutt

IHTERNATIONRAL
CONJULTANTS

Lab Ref 97/M0502
Inquiries to Evan Huirua
Report No. 970502.1
Page 4
Job Austroads Testing Wanganui Sampled by Evan Huirua
Location Anderson Road North Sample method NZS 4402:1986
Origin Existing Pavement Sample condition Damyp - sealed
Sampling date 23 June 1997
Insitu Density Test Report
Test method NZS 4407:1991 Test 4.2.1 Nuclear - Direct Transmission Method

Date of test

23-06-1997

Anderson Road North Trench at sites 9 and 10

S (OWT) Detail 1 2 3 Average

B/C Wet /m3 2.200 2.156 2.1438 2.168
Dry t/m3 2.093 2,053 2.044 2,063
Water % 5.100 5.000 5.100 5.067

9 (OWT) Detail 1 2 3 Average

S/G Wet t/m3 1.289 1.292 1.325 1.302
Dry t/m3 0.601 0.600 0.621 0.608
Water % 114.300 115.300 113.200 114.267

10 IWT) Detail 1 2 3 Average

B/IC Wet t/m3 2.123 2.099 2.158 2.127
Dry t/m3 2.032 2.009 2,055 2.032
Water % 4,500 4.500 5.000 4.667

10 gWT) Detail 1 2 3 Average

S/G Wet Vm3 1.427 1.499 1.491 1.472
Dry t/m3 0.755 0.796 0.796 0.782
Water % 89.100 88.200 87.300 88.200

TELARC

This iaboratory Ls registaced by the Testing Labaratory
Registration Councll of New Zealand The tarts reported
bereln have been performed In accordance with Hs terms of

registration. This report may not be reproduced except in full.
Approved Signatory

Laboratory Manager ﬁw\ %(,L,\(A Date 2. / 7 / ?7

. Copynght This report 1s confdennal between the chient kgd the wssung laboratary end may not be traded or copied without the express consent of both pamnes, .

i Opus International Consuftants {37 Bedford Avenue i Telephane: (06) 343 0042 : Formerly Works
iLimited iPO Box 654 i Facsimile: (06) 345 0041 : Consultancy
iWanganul Laboratory { Wanganui, New Zealand i Web site; www.opus.co.nz | Services Limited

i Quolity Management Syslems Corlified to ISQ
ieoo1
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Alan Sutherland

Opus International Consultants

PO Box 30-845
Lower Hutt

ENTERHMATIONAL
CONSULYANTS

Lab Ref 97/M0501
Inquiries to Evan Huirua
Report No. 970501.1
SH3RP Page 4
Job Austroads Testing Wanganui Sampled by Evan Huirua
Location  Patea Township Site Sample method NZS 4402:1986
Origin Existing Pavement Sample condition Damp - sealed
Sampling date 20 June 1997

Test method
Date of test

Insitu Density Test Report

NZS 4407:1991 Test 4.2.1 Nuclear - Direct Transmission Method
20-06-1997

Patea Township Trench 1.5m south of Sites 5 and 6

5 (OWT) Detail Test 1 Test 2 Test 3 Average
B/C Wet t/m3 2.058 2.156 2.132 2,115
Dry t/m3 1.958 2.047 2.013 2.006
Water % 5.100 5.300 5.900 5.433
5 {OWT) Detail Test 1 Test 2 Test 3 Average
SIG Wet t/m3 1.772 1,765 1.752 1.763
Dry t/m3 1.475 1.446 1.474 1.465
Water % 20.100 22.100 18.900 20,367
6 (IWT) Detail Test 1 Test 2 Test 3 Average
B/C Wet t/m3 2.156 2.174 2.065 2.132
Dry /m3 2.055 2.069 1,963 2.030
Water % 4.900 5.100 5.100 5.033
6 AW Detail Test 1 Test 2 Test 3 Average
S/IG Wet t/m3 1.569 1.612 1.578 1.586
Drv t/m3 1.132 1.172 1.134 1.146
Water % 38.600 37.500 39.100 38.400
TELARC
This labarstory Is reglitered by the Testing Laboratory
Registration Councll of New Zaealand, The tests reportsd
hereln have been parfarmed In accordance with |6 termas of
reglsiration. Thir repart may not be reproduced except b full
Approved Signatory ﬁa,“ %'/’_uq
Laboratory Manager Date / 17 ? /
L Opurs Inlernationa Constitante o e ord Avann g e R e (06) 3450042

Llmited

iWanganui Laboratory

i Quality Manegement S
9001

ystema Ceortified to ISO

{PO Box 654

i Wanganul, New Zezland

i Facsimile

1 (06) 3450041

| Formerly Works
i Consultancy

i Web sife: www.opus.co.nz | Services Limited



2007/97

Alan Sutherfand

Opus International Consultants
PO Box 30-845

Lower Hutt

INTERNATICHAL
CAONIULTANTS

Lab Ref 97/M0504
Inquiries to Evan Huirua
Report No. 970504.1
Page 8
Job Austroads Testing Wanganui Sampled by Evan Huirua
Location Quri Stream Bridge East Sample method NZS 4402:1986
QOrigin Erxisting Pavement Sample condition  Damp - sealed

Sampling date 18 June 1997

Scala Penetrometer Test Report

Test method NZS 4402:1988 Test 6.5.2 Dynamic Cone Penetrometer Method
Date of test 18-06-1997
IwWT OWT OWT IWT | TWT owWT OWT OWT
3 1 2 2 3 1 2 3

mim fusiitl mm mim T ITHrL THm i

370 | 290 310 1110 | 1340 | 1220 1250 | 1300

350 330 330 1150 | 1350 | 1270 1320 1310

430 | 360 360 1190 1300 1350 1320
490 | 410 410 1220 1340 1360 1330
550 460 460 1260 1370 1350

600 | 510 520 1310 1390

640 570 580 1346

710 | 620 650 1370

830 | 670 700 1400

870 710 750

930 770 810

980 820 880

1030 | 870 930

1070 | 930 930

1110 | 1010 1050

1170 | 1060 109¢

1210 | 1090 1130

1270 | 1120 1170

1300 | 1150 1210

1320 | 1190 1250

Do ﬁ@-—r %,-\-—uc,
Laboratory Manager Dae 27 "7 1 97

Copyright: This repors is confidennal between the clent and the issuing laboratory and may not be traded or copied wathout the express consent of both parmes.

Qualily Menagument Systamas Cerlified to iSO
10001

EOpus International Consultants 137 Bedford Avenue i Telephone; (06} 345 0042 §Formerfy Works
Limited iPO Box 654 i Facsimile: (06) 3450041 | Consuitancy
{Wanganui Laboratory Wanpganui, New Zealand Web sife: www.opus.co.nz E:Sarw'ces Limited
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Alan Sutherland

Opus International Consultants
PO Box 30-
Lower Huft

845

INTERNATIO N AL
CONSULTANTS

Lab Ref 97/M0504
Inquiries to Evan Huirua
Report No. 970504.1
Page 9

Job Austroads Testing Wanganui Sampled by Evan Huirua
Location Quri Stream Bridge East Sample method NZS 4402:1986
Origin Existing Pavement Sample condition  Damp - sealed
Sampling date 18 June 1997
Scala Penetrometer Test Report Graph
Test method NZS 4402:1988 Test 6.5.2 Dynamic Cone Penetrometer Method
Date of test 18-06-1997
1400 l Apiis
1300 A
1200
1100
1000
£ 900
E —&—IWT 1
% 200 —B—IWT 2
‘E 700 —A—IWT 3
2 —>—OWT 1
T 600 —¥—OowWT 2
= —&—OWT 3
& 500 .
400 4
300 -
200
100
0
D § 10 15 20 25 30
Number of blows
Signed :i 2:
Laboratory Manager - Date 2 ! 7 / 7 Vi

Copynght: Thus repon is confidenval batween the client and the isswng laborstory end may not be taded o copizd wathout the express consent of both parces,

{ Opus International Consultants

iLimited

iWanganui Laboratory
! Quality Menagement Systems Cortified to iSO

9001

{37 Bedford Avenus
PO Box 654
: Wanganul, New Zealand

Telephone: (06) 345 0042 §_Formen'y Works
;Facsimﬂe: (06) 3450041 t Consultancy
i Web site: www.opus.co.nz | Services Limited
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Alan Sutheriand

Opus International Consultants
PO Box 30-845

Lower Hutt

INTERNATIGHAL
COHNSULTANKRTS

97/MO505

Evan Huirua
970505.1
8

Job Austroads Testing Wanganui Sampled by Evan Huirua

Location Nopera Road South Sample method NZS 4402:1986

QOrigin Existing Pavement Sample condition Damp - sealed

Sampling date 18 June 1997

Scala Penetrometer Test Report

Test method NZS 4402:1988 Test 6.5.2 Dynamic Cone Penetrometer Method
Date of test 19-46-1997
IWT | IWT OWT OoOwWT IWT | IWT OWT OWT OWT
2 3 1 2 2 3 1 2 3
TIT mn m mm nm mim mm mm mm
230 230 460 460
245 260 530 520
260 270 670 650
290 290 730 710
320 | 310 | 830 gi0
350 330 930 910

390 390 1060 1030
430 430 1250 1190
490 490 1420 1330
570 560 1530 1460
680 650 1630 1560

780 780 1660
890 870

950 910

1010 | 1070

1130 | 1270

1320 | 1530

1480

Signed [ i .
Laboratory Manager %Q_/% Date ’Z! (7 ! ?7

. Ca| ynigh t: This report is confidenasl between the chent and the iss laboratary and may not be traded of copied wthout the express consent of both purmes.
iOpusin 7 e "‘33

i rnational Consultants 137 Beadford Avenue i Telephone: (06} 345 0042 Formerly Works
iLimited ) ‘PO Box 654 i Facsimile: (06) 345 0041 i Consultancy
i Wanganui Laboratory i Wanganui, New Zealand Webh site: www.opus.co.nz | Services Limited

! Quality Managemant Systams Carlified to I1SQ
‘poot
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Alan Sutherland

Opus International Consultants
PO Box 30-845

Lower Hutt

INTERNATIORAL
CORSULTANTS

LabRef 97/M0305
Inquiries to Evan Huirua
Report No. 970505.1
Page 9
Jab Austroads Testing Wanganui Sampled by Evan Huirua
Location Nopera Road South Sample method NZS 4402:1986
Qrigin Existing Pavement Sample condition  Damyp - sealed
Sampling date 18 June 1997

Scala Penetrometer Test Report Graph

Test method NZS 4402:1988 Test 6.5.2 Dynamic Cone Penetrometer Method

Date of test 19-06-1997

1800

1700

1600

.Y

1500

1400

1300

1200

1100

— B IWT 1

1000

RN
ek

o

~— - IWT 2

900

—&—IWT 3

800

——OWT 1

—Smee OWT 2

700

Depth of penetration mm
{\N

—&—0OWT 3

600

500

400

300
PRI

200

100

8 10
Number of blows

14 16 18

Signed
Laboratory Manager ﬁ&,-\. %«a—uﬂ\

Date vzf (7 /?7

iop

Cepynght Thus repors 15 confidenal between the chent and the isswng baboratory and may nol be rudzd or copied without the express consent of both paroes.
:37 Bedford Avenue

us international Consultants

iLimltad

iwa

i Quality Managoment Systems Carlifiod to ISO

ipood

nganui Laboratory

IPO Box 654
i Wanganui, New Zealand

i Telephona: (08) 345 0042 | Farmerly Works
i Facsimile: (06) 345 0047 : Consultancy
i Web site: www.opus.co.nz | Sarvices Limited
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Alan Sutherland

Opus International Consultants
PO Box 30-845

Lower Hutt

INYERNATIONAL
COHSULTANTS

Lab Ref 97/M0503
Inquiries to Evan Huirua
Report No. 970503.1
Page 8
Job Austroads Testing Wanganui Sampled by Evan Huirua
Location Warwick Rd - Hilis Rd Sample mathod NZS 4402:1986
QOrigin Erxisting Pavement Sample condition = Damp - sealed
Sampling date 21 June 1997

Scala Penectrometer Test Report

Test method NZS 4402:1988 Test 6.5.2 Dynamic Cone Penetrometer Method
Date of test 21-06-1997
IWT | IWT OWT OWT IWT | IWT OwWT OWT OWT
2 3 1 2 2 3 1 2 3
mm TN mn min mm 1un Tn mm mm
720 720 740 760 1720 1870 1740
740 | 740 | 790 210 1780 1530 1800
770 770 850 860 1850 1950 1880
810 810 900 920 1930 2000 1950
830 | 850 | 950 570 1950 2030 1980
800 920 1060 1020 1980 2010
510 | 940 | 1040 1060 2010

920 950 1080 1110
930 960 1120 1170
940 870 1160 1220
945 980 1210 1280
950 983 1260 1330 1260
960 990 1300 1380 1310
970 1000 | k360 1420 1370
1400 1460 1410
1430 1520 1450
1500 1570 1500
1540 1630 1550
1580 1700 1580
1650 1770 1640

P T ESR A Eol ond 1

ool

Lo %‘M«‘
Laboratorv Manager ﬁ—-&f—\ Date 2/ 7 / 77

EOpus n ema ona?aagdnsubfgﬁgcdmmﬁﬁm@?mm E’v'ré%"f:“e'mmmdmumpmmm le‘.f'ecp one %gsbg‘%%%-':? iFormerly Works

;le!ted PO Box 654 i Facsimila: (06) 345 0041 | Consultancy
iWanganui Laboratory i Wanganui, New Zealand i Web site: www.opus.co.nz | Services Limited

CQualily Managemaen! Syslems Certified to I1SO
0001




2/07/97

Alan Sutherland

Opus International Consultants
PO Box 30-845

Lower Hutt

IRTERNATEICHAL
CONSULTANTS

weilt Lab Ref 97/MO503
%] Inquiries to Evan Huirua
Report No. 970503.1
Page 9
Job Austroads Testing Wanganui Sampled by Evan Huirua
Location Warwick Rd - Hills Rd Sample method NZS 4402:1986
Origin Existing Pavement Sample condition Damp - sealed

Sampling date 21 June 1997

Scala Penetrometer Test Report Graph

Test method NZS 4402:1988 Test 6.5.2 Dynamic Cone Penetrometer Method
Date of test 21-06-1997

2100
2000
1900 P Y
1800 VA
1700 ¥
1600 P-4
1500 A
1400

1200 ». < —&—WT1
1200 R IT 2
1108 —A—1IWT3
1000 S¢— OWT 4

900 ——OWT 2
800 —&—O0WT3
700 =

600
§00
400
300
200
100

AN

Depth of penetration mm

0 & 10 15 20 25 30
Number of blows

L soore %’-‘/W
Laboratory Manager Co(nm Dae £/ 7 177

Copynght: Thus repon 14 confidential between the chent and the issuwng laboratary and may not be qaded or coped wathout the express consent of both parges.

{ Opus International Consultants 137 Badford Avenus ! Telephona: (06) 3450042 | Formerly Works
iLimited PO Box 654 i Facsimile: (06) 345 0041 i Consultancy
iWanganui Laboratory i Wanganui, New Zealand

! Web site: www.opus.co.nz i Services Limited
: Qualily Managemant Systems Cerlified to ISO i i
ipont
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Alan Sutherland

Opus International Consultants
PO Box 30-845

Lower Huit

ITHTERNATEIEDNAL
CONSULTANTS

Lab Ref 97/MO0502
Inquiries to Evan Huirua
Report No. 9705021
Page 8
Job Austroads Testing Wanganui Sampled by Evan Huirua
Location  Anderson Road North Sample method NZS 4402:1936
Origin Existing Pavement Sample condition Damp - sealed

Sampling date 23 June 1997

Scala Penetrometer Test Report

Test method NZS 4402:1988 Test 6.5.2 Dynamic Cone Penetrometer Method

Date of test 23-06-1997
IWT | IWT oOwT OWT IWT | IWT owWT OWT OWT

2 3 1 2 2 3 1 2 3

mm pasiyel TR ITuT en 1 pesise] I mum
790 780 850 780 1910
950 850 1190 850 1950
1070 | 1090 | 1380 1300 1990

1170 | 1250 | 1490 1410
1230 | 1350 | 1570 1500
1290 | 1460 ] 1630 1570
1360 | 1530 | 1680 1630
1410 | 1580 | 1750 1690
1460 | 1630 | 1800 1750
1510 | 1580 | 1880 1820
1570 | 1730 | 1940 1500
1590 | 1780 | 2000 1950
1630 | 1840 2000
1660 | 1500
1700 | 1990

Signed Z‘Z
Laboratory Manager ﬁﬂo'p Date ZI 7 / ? 7

. Copyright: This report s confidentigl between the elient md Lheus laboratery and may not be anded or capied wathout the express consent of both parties. ;
1 Opus International Consuftants 7 Bedford Avenue Telephone: (06) 345 0042 : Formerly Works

iLimited _PO Box 654 Facsimife: (06) 3450041 ! Consultancy
iWanganui Laboratory Wanganui, New Zealand Web site: www.opus.co.nz §_Servicas Limited

i Qualily Menogement Syzlems Carlified to SO
oot
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Alan Sutherland
Opus International Consultants
PO Box 30-845

Lower Hutt

INTEANATIONAL
CONJULYANTS

Lab Ref 97/M (502
Inquiries to Evan Huirua
Report No. 970502.1
Page 9
Tob Austroads Testing Wanganui Sampled by Evan Huirua
Location Anderson Road North Sample method NZS 4402:1986
Origin Existing Pavement Sample condition  Damp - sealed
Sampling date 23 June 1957
Scala Penetrometer Test Report Graph
Test method NZS 4402:1988 Test 6.5.2 Dynamic Cone Penetrometer Method

Date of test

2000

23-06-1997
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10 15
Number of biows

20 25

Signed

Laboratory Manager

o

Date 2/ ‘7/ ?7

1 This report 18 confidznbal berween the client and the ias

N Cop

i Opus fr??émaﬂona! Consultanis
iLimited
{Wanganui Laboratory

i Quality Manogemen! Systems Cortifiad 1o ISC

10001

{37 Bedford Avenue
iPO Box 654
i Wanganui, New Zealand

labonatosy and may not be traded of copied wqthout the express consent of both

o2, .

i Telephone: (06} 34%&42 i Formerly Works
i Facsimile: (06) 345 0041 i Consuitancy

i Web site: www.opus.co.nz | Services Limited
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Alan Sutherland

Opus International Consultants
PO Box 30-843

Lower Hutt

INTERNATIONAL
CONSULTANTS

97/M0501

Evan Huirua
970501.1
8

Job Austroads Testing Wanganui Sampled by Evan Huirua

Location Patea Township Site Sample method NZS 4402:1986

Origin Existing Pavement Sample condition Damp - sealed

Sampling date 20 June 1997

Scala Penetrometer Test Report

Test method NZS 4402:1988 Test 6.5.2 Dynamic Cone Penetrometer Method
Date of test 20-06-1997
IWT | IWT | OWT | OWT IWT | IWT | OWT | OWT | OWT
2 3 1 2 2 3 1 2 3

I mun hosiee] mimn nun num hreing] T mipn
300 | 300 370 370 370 Bt 780 | 780 810 820 220
310 320 380 380 380 P! 820 £10 840 850 840
340 340 350 390 390 3 850 850 8§70 870 870
350 | 360 400 400 400 4 850 | 880 910 510 910
380 | 380 410 410 410 5 920 | 910 950 §40 940
400 | 400 420 420 420 6 950 | 950 990 §70 970
430 | 430 440 430 430 27 990 | 9%0 | 1030 1000 1000
450 | 460 460 450 450 : 1040 | 1040 | 1070 1030 1030
480 | 480 490 420 480 1070 | 1070 | 1100 1070 1070
500 | 500 510 510 510 1100 | 1100 | 1140 1090 1100
520 | 20 540 540 540 1130 | 1120 { 1170 1110 1120
540 | 540 560 560 570 1150 | 1150 [ 1190 1130 1140
370 580 390 390 600 1180 | 1180 1220 1150 1170
600 600 610 620 620 1200 | 1210 1250 1170 1190
620 | 630 640 650 640 1230 | 1230 | 1270 1190 1220
640 650 660 670 670 1250 | 1250 1290 1210 1230
670 | 670 690 710 710 1280 | 1270 | 1320 1230 1250
690 700 720 730 740 1280 1340 1250 1290
720 | 720 740 760 760 1350 1270 1320
750 750 780 750 780 1290 1350

1300

1310

1340

1350

Signed .
Laboratory Manager L!«, %44,‘_,9“—» Dae ! 1 7 4 ?7

Copyright This report is confidennal between the chient and the itsuing isbaratory snd may not be tded or copied witheut the express consent of bath parties,

Opus International Consuitants :37 Bedford Avenue i Telephone: (06) 345 0042 §Former!y Works
iLimitad iPO Box 654 i Facsimile: {06) 345 0041 i Consultancy
i Wanganui Laboratory i Wangsnul, New Zeatand i Web site: www.opus.co.nz | Services Limited

Quality Managemen! Systemas Certified to IS0
00T



1/07/97

Alan Sutherland

Opus International Consultants
PO Box 30-845

Lower Hutt

INTIRNATIONAL
CONSULTANTS

Lab Ref 97/VMI0501
Inguiries to Evan Huirua
Report No. 970301.1
Page 9
Job Austroads Testing Wanganui Sampled by Evan Huirua
Location Patea Township Site Sample method NZS 4402:1986
Origin Existing Pavement Sample condition  Damp - sealed

Sampling date 20 June 1997

Scala Penetrometer Test Report Graph

Test method NZS 4402:1988 Test 6.5.2 Dynamic Cone Penetrometer Method
Date of test 20-06-1997
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Signed
Laboratory Manager ﬁ;(,,\ %(/-’-V‘M Date / / 7 / 97

Copyright: This repont is confidental between the chsnt and the sswng laboratory and may not be traded or copied wifhout the expres consent of both

. nes, .

i Opus International Consultants {37 Bedford Avenues i Telephone: (06) 345 0042 i Formerly Works
iLimited {PO Box 654 i Facsimile: (06) 345 0041 i Consultancy
iWanganui Laboratery i Wanganui, New Zealand i Web site: www.opus.co.nz ; Services Limited

Quality Menagomen! Systems Certified 16 /SO
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Alan Sutherland

Opus International Consultants
PO Box 30-845

Lower Hutt

INTERNATIORAL
COHSULTANTS

Lab Ref 97/MO0504
Inquiries to Evan Hujrua
Report No. 970504.1
Page 5
Job Austroads Testing Wanganui Sampled by Evan Huirua
Location  Quri Stream Bridge East Sample method NZS 4402:1986
Origin Existing Pavement Sample condition Damp - sealed

Sampling date 18 June 1957

California Bearing Ratio Test Report (Insitu)

Test method NZS 4402:1986 Test 6.1.3 California Bearing Ratio (Insitu method)
Date of test 18-06-1997
Site Number Depth of test | Water Content of the top 30mm | CER at depth of penetration
of soil from under the plunger
mm % %
5 (OWT)
Subgrade 250 40 5.0 at 2.5mm
Brown ASH
6 IWT)
Subgrade 350 45 15 at 2.5mm
Brown ASH
Test details

The mie of penetation was Imom/min
A surcharge mass of 4 kg was used and the base weight diameter was 150mm.

TELARC

Thls beratory Ls reglstered by the Testing Laboratery
Reglstration Council of New Zealand. The tesis reported
bereln have boen perfoarmed Ln sccordance with its terms of
reglstration. This report may not be reproduced except in fulk

Approved Signatory ,:i m
Laboratory Manager Date Z Ay ?7

Copyright: This repart is eanGidential berween the client and the issuing laboratory and nmy not be traded or copied wathout the express consent of both parties,

Opus International Consultants i 37 Bedford Avenue i Telephone: (06) 345 0042 Formerly Works
Limlted PO Box 654 i Facsimile; (06) 3450041 i Consultancy
iWanganul Laboratory Wanganul, New Zealand Web sife: www.opus.co.nz Services Limited

i Quality Management Systems Carlilied to I1SC
ipoor



2/07/97

Alan Sutherland

Opus International Consultants
PO Box 30-845

Lower Hutt

INTERHATIORAL
COMIULTANTS

Lab Ref 97/M0504
Inquiries to Evan Huirua
Report Ne. 970504.1
Page 6
Jab Austroads Testing Wanganui Sampled by Evan Huirua
Location  QOuri Stream Bridge East Sample method NZS 4402:1986
Origin Existing Pavement Sample condition Damp - sealed

Sampling date 18 June 1997

California Bearing Ratio Test Report (Remoulded)

Test method NZS 4407:1991 Test 3.15 California Bearing Ratio (Remoulded Specimens)
Date of test 24-06-1997

Sample description Wet density Dry density | Swell | Water Water CBR at depth
as compacted | as compacted Content Content of penetration
at standard at standard before after
compaction compaction soaking | penetration %
vm® t/m’ % % %

Pavement Subgrade

Brown ASH 1.84 1.36 0.4 34 34 7.0 at 5.0mm
Location Sites S and 6

Test details

“The fraction passing 19.0mm in as received condition was used in the test

‘The samples wete compacted using NZ Standard Compaction al as received water content
The samples wete compacted and soaked immedistely following mixing

The samples were soaked for 4 days prior to testing for bearing strength

The rate of penetration was Imm/mine. .

A surcharge mass of 4 kg wes uscd and the base weight diameter wes 150mm,

TELARC

This labaratory s regivtered by the Testing Laberatory
Reglrration Councll of New Zealand The tests reported
heteln bave been performed in accardages with lis terms of
reetrration This report may oot be reproduced except in full

Approved Signatory [ z 2‘:

Laboratory Manager - Date A / {7 / ? 7
: Copynght: This report is confidentiad berween the chient a_.nd the issuing laboratory and may not be traded of copied walhout the express consent of both perucs.

i Opus International Consultants {37 Bodford Avenue Talephone: (06) 345 0042 §Formarfy Weorks

Elelted {PO Box 654 i Facsimile: (06) 3450041 i Consultancy
iWanganui Laboratory i Wanganul, New Zealand i Web site: www.opus.co.nz i Services Limited

i Quelity Management Systems Cartifisd 1o ISQ
0001



2/07/97

Alan Sutherland

Opus International Consultants

PO Box 30-845
Lower Huit

FNTERHNATIORAL
CONSULTANTS

Lab Ref 97/ M504

Inquiries to Evan Huirua
Report No. 970504.1
Page 7

Job Austroads Testing Wanganui Sampled by Evan Huirua

Location Ouri Stream Bridge East Sample method NZS 4402:1986

Origin Existing Pavement Sample condition  Damp - sealed
Sampling date 18 June 1997

California Bearing Ratio Test Graph (Insitu and Remoulded)

Date of test 18-06-1997
mm 0.0 | 0.5 1.0 1.5 2.0 2.5 3.0 4.0 5.0 7.5
TWT kN 0 06405 | 1.218 | 1.5225 { 1.764 19425 | 2.1 231 | 2415 2.5725
OWT kN 0 0.315 0.462 | 0.5565 | 0.6405 | 0.714 | 0.7875 1 0.924 | 1.0185 | 1.2073
Remoulded | 0 0.09 0.20 0.31 0.47 0.64 0.73 1.11 | 1.38 1.93
3
2.5 e
)’M
= 2 - —
g ]
FRE —
g 1
j=
E ’é
(4] |t
—&—IWT
—BE—OWT -
——f— Remoulded
I
5 & 7 8
Deflection mm
Signed .
Laboratory Manager Date X/ 7 177
Cop,

i Opus International Consultants

i.imited
iWanganuiLaboratory

Quallty Managemean! Systems Cartified te ISC

10001

i 37 Bedford Avenue
iPO Box 654

i Wanganul, New Zealand

yright: This report is confidental berween the client and the issuing Iaboratary nd may not be traded or copied wathout the express consent of both parties. R
i Telephone: (06) 3450042 :Formerly Works
i Facsimile: (06) 345 0041
i Web site; www,

i Consuftancy

opus.co.nz | Services Limited
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Alan Sutherland

Opus International Consultants
PO Box 30-845
Lower Hutt

IRTERNATIONAL
CONSULTANTYS

Lab Ref 97/M0505
Inquiries to Evan Huirua
Report No. 970505.1
Page 5
Job Austroads Testing Wanganui Sampled by Evan Huirua
Location  Nopera Road South Sample method NZS 4402:1986
Origin Existing Pavement Sample condition Damp - sealed

Sampling date 18 June 1997

California Bearing Ratio Test Report (Insitu)

Test method NZS 4402:1986 Test 6.1.3 California Bearing Ratio (Insitu method)
Date of test 19-06-1997
Site Number Depth of test | Water Content of the top 30mm | CER at depth of penetration
of soil from under the plunger
mm % %
5 (OWT)
Subgrade 410 50 7.0 at 2.5mm
Brown ASH
6 IWT)
Subgrade 220 55 20 at 2.5mm
Brown ASH
Test def

The ralz of penetration weas Imm/min,
A surcharge mass of 4 kg was used and the base weight dismeter was 1 50mm,

TELARC

This lsboratory Is registered by the Testing Laborntory
Registration Counelf of New Zealand. The tests reportsd
bereln have been performed in accordance with Its termy of
registration. This report may not be reproduced except bn full

Approved Signatory Z %M

Laboratory Manager Date <. / 7 / ? 7
. Copyright: This report is confidentsl between the client and the issuing laboratary and sy not be traded or copied without the express consent of both parties. N

i Opus International Consultants {37 Badford Avenue i Telephone: (06) 345 0042 t Formerly Warks

iLimited PO Box 654 i Facsimile: (06) 345 0041 i Consultancy
i Wanganui Laboratory i Wanganul, New Zealand Web sife: www.opus.co.nz Services Limited

i Qualily Managamont Sysiems Cortifiad to ISO
ioont



2/07/97

Alan Sutherland

Opus International Consultants

PO Box 30-845
Lower Hutt

INTEANATIONAL
CONSULTANTS

Lab Ref 97/M0505
Inquiries to Evan Huirua
Report No. 970505.1

§ Page 6

Job Austroads Testing Wanganui
Location Nopera Road South
Origin Existing Pavement

Sampled by Evan Huirua
Sample method NZS 4402:1986
Sample condition  Damp - sealed
Sampling date 18 June 1997

California Bearing Ratio Test Report (Remoulded)

Test method NZS 4407:1991 Test 3.15 California Bearing Ratio (Remoulded Specimens)
Date of test 24-06-1997

Sample description Wet density Dry density | Swell Water Water CER at depth
as compacted | as compacted Content Content of penetration
at standard at standard before after
compaction compaction soaking | penetration %
t/m? t/m’ % % %
Pavement Subgrade
Brown ASH 1.74 1.22 0.2 43 42 1.0 at 5.0mm
Location Sites 5 and 6
Tast detaite
‘The fraction passing 19.0nm in as received condition was used in the test
“The samples were pacted using NZ Standard Compaction st as received water content
The samples were compaeted and soaked immediately following mixing
The samples were soaked for 4 dsys prior to testing for bearing strength
The rate of penctration was lmm/min.
A surcharge mess of 4 kg wes used and the base weight dinmeier was 150rnem,
TELARC

This labaratory Is registered by the Testing Laboratory
Regintraton Council of New Zaaland. The tris reported

bareln huve been performed Lo secor danes with s terms <f
regirtration. This report may not be teproduced except In full, |

Approved Signatory
Laboratory Manager

Lo i

DaieZ/? /?7

. Caopyright: This report is confidential between the client and the issuing laboratory and may not be traded or copicd wi
i Opus International Consultants

;leltad
iWanganul Laboratory

:37 Bedford Avenue

PO Box 654
i Wanganui, New Zealand

i Quality Managament Systams Cerlilied to ISQ

000t

thout the express consent of both parties. .

Telephone: (06) 3450042 : Formaerly Works
Facsimile: {06) 3450041 i Consultancy
Web site: www.opus.co.nz Services Limited




2/07/97

Alan Sutheriand

Opus International Consultants
PO Box 30-845

Lower Hutt

INTERNATIONAL
CANSULTANTS

Lab Ref 97/MO0505
Inquiries to Evan Huirua
Report No. 970505.1
Page 7
Job Austroads Testing Wanganui Sampled by Evan Huirua
Location Nopera Road South Sample method NZS 4402:1986
Qrigin Existing Pavement Sample condition Damp - sealed

Sampling date 18 June 1997

California Bearing Ratio Test Graph (Insitu and Remoulded)

Date of test 19-06-1997
mm 0.0 |05 1.0 1.5 2.0 2.5 3.0 40 5.0 7.5
TWT kN 0 1.155 1.638 | 2.0685 2.646 2.9295 | 3.2655 | 3.6435 | 3.906 4,179
OWT kN 0 0.3675 1} 0.525 |} 0.7035 | 0.8085 | 0.8925 | 0.966 1.0815 § 1.176 1.3335
Remoulded | 0 0.04 0.06 0.08 0.11 0.13 0.15 0.18 0.21 0.29
45
s ______,___-———é
3.5 ')/
3 / e WT |
S »/? —HE—owT
8 25 w——fi— Remoulded —
2 2 J%g
S
1.5

Deflection mm

Laboratory Manager ﬁ@,—\ Date L / 7 /7‘7

Copyright: This repont is confidential between the client and the issuing isboratory and may not be taded or copied without the express consent of both parties.

i Opus International Consultants 137 Bedford Avenue i Telephona: (06) 345 0042 | Formerly Works
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Alan Sutherland

Opus International Consultants
PO Box 30-845

Lower Hutt

INTERNATIOHAL
CONSULTARTYS

Lab Ref 97/M0503
Inquiries to Evan Huirua
Report No. 970503.1
Page 5
Job Austroads Testing Wanganui Sampled by Evan Buirua
Location Warwick Rd - Hills Rd Sample method NZS 4402:1986
Origin Existing Pavement Sample condition  Damp - sealed

Sampling date 21 June 1997

California Bearing Ratio Test Report (Insitu)

Test method NZS 4402:1986 Test 6.1.3 California Bearing Ratio (Insitu method)
Date of test 21-06-1997
Site Number Depth of test | Water Content of the top 30mm | CBR at depth of penetration
of soil from under the plunger
mm % %o
5(0WT)
Subgrade 700 52 13 at 2.5mm
Brown ASH
6 IWT)
Subgrade 670 52 11 at 2.5mm
Brown ASH

The rate of penetmtion was bmun/min,
A surcharpe mass of 4 kg was used and the base weight diameter was [ 5hnm.

TELARC

This Iaboratory is reglstered by the Testing Laboratory
Registration Councll of New Zealand. The terts reported
bereln have been performed Lo scordance with i termox off
registration. This report may not be reoroduced except Lo full

Approved Signatory 5/4 .
Laboratory Manager Date < / (? 177

i Qualily Menagement Systems Certified la ISO

0001

Copyright This repont is confidential between the client and the issuing laboratory and may not be tradzd or copied withott the express consent of both partes,

%Opus International Cansultants §37 Bedford Avenuse Telephone: (06) 345 0042 Formerly Works
iLimited PO Box 654 i Facsimile: (06) 3450041 i Consultancy
iWanganuiLaboratory i Wanganul, New Zealand

Web site: www.opus.co.nz Services Limited
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Alan Sutherland

Opus International Consultants
PO Box 30-845

Lower Hutt

ERTERNATIONAL
CORSULTANTS

Lab Ref 97/MO0503
Inguiries to Evan Huirua
Report No. 970503.1
Page 6
Job Austroads Testing Wanganui Sampled by Evan Huirua
Location Warwick Rd - Hills Rd Sample method NZS 4402:1986
Origin Existing Pavement Sample condition  Damp - sealed

Sampling date 21 June 1997

California Bearing Ratio Test Report (Remoulded)

Test method NZS 4407:1991 Test 3.15 California Bearing Ratio (Remoulded Specimens)
Date of test 24-06-1997

Sample description Wet density Dry density | Swell | Water Water CBR at depth

as compacted | as compacted Content Content | of penetration
at standard at standard before after
compaction compaction soaking | penetration %
t/m? t/m* % % %

Pavement Subgrade

Brown ASH 1.66 1.06 0.2 56 55 2.0 at 5.0mm
Location Sites 5 and 6

Tost datails

“The fraction passing 19.0mm in s received condition was used in the test

The samples were compactad using NZ Standapd Compaction at as received water content
The samples were compacted and soaked immediately following midng

The samnples were soaked for 4 days prior to testing for bearing strength

The rate of penetration was Imm/min

A surcharge mass of 4 kg was used and the base weight diameter was 150mm.

TELARC

This Inboratory s reglstered by the Terting Laboratary
Registration Coundl of New Zealand. The tects reported
bereln bave been performed o accordance with Its termz of
registration. Thir report may net be n&mducﬂi except in full

Approved Signatory
Laboratory Manager %W Date 2/ 7 77

i Qualily Managemant Systems Cerlified lo 1SO

0001

Copyright: This report is confidential betwesn the client and the iasuing laborastory and may not be truded or copied u_cithnu( the express consent of both parties.

§Opus international Consultants {37 Bedford Avenue i Telephone: (06) 345 0042 EFormen'y Works
itimited gPO Box 654 i Facsimile: (06) 345 00471 : Consultancy
iWanganui Laboratory :Wanganul, New Zealand Web sifa: WWW.0pUsS.co.nz iSerw‘ces Limited
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Alan Sutherland

Opus International Consultants
PO Box 30-845

Lower Hutt

TRTERMHATIONAL
COMNSULTANTS

Lab Ref 97/M0503
Inquiries to Evan Huirua
Report No. 970503.1
Page 7
Job Austroads Testing Wanganui Sampled by Evan Huirua
Location Warwick Rd - Hills Rd Sample method NZS 4402:1986
Origin Existing Pavement Sample condition  Damp - sealed

Sampling date 21 June 1997

California Bearing Ratio Test Graph (Insitu and Remoulded)

Date of test 21-06-1997
T 0.0 0.5 1.0 1.5 2.0 2.5 3.0 4,0 5.0 7.5
TWT kN 0 0.588 | 0.9555 1.155 1.3335 1 1.449 1.575 1.764 1.9215 | 2.1525
OWT kN 0 0.945 | 1.1865 | 1.47 1.6065 1.743 1.89 2.058 2.205 2.541
Remoulded | 0 0.08 0.12 0.16 0.20 0.25 0.28 0.35 0.41 0.55
3
2.5 |
//
Lt
ﬁ 2
=
a
v
5 1.5
(=3
E e INT
s | ——owT |
~ic— Remoulded
0.5
G 1 1 ¥
0 1 2 3 4 5 1 7 8

Deflection mm

Laboratory Manager __/ﬂ,?“« Date < / 7 / 77

Copytight This repont is confidential between the client apd the issui

f - laboratory and may not be taded or copied without the express cansent of both parues. .

i Opus International Consultants 137 Badford Avenue i Telephone: (06) 345 0042 : Formerly Works
iLimited {PO Box 654 i Facsimile: (06) 345 0041 | Consultancy
:Wanganui Laboratory i Wanganul, New Zealand Web site: www.opus.co.nz | Services Limited

Qualily Managemen! Syslema Cerlified (0 150
000t



2/07/97

Alan Sutherland

Opus International Consultants
PO Box 30-845

Lower Hutt

INTERNATIONAL
CONSULTANY

Lab Ref 97/M0502
Inguiries to Evan Huirua
Report No. 970502.1
Page 5
Job Austroads Testing Wanganui Sampled by Evan Huirna
Location Anderson Road North Sample method NZS 4402:1986
Origin Existing Pavement Sample condition Damp - sealed
Sampling date 23 June 1997

California Bearing Ratio Test Report (Insitu)

Test method NZS 4402:1986 Test 6.1.3 California Bearing Ratio (Insitu method)
Date of test 23-06-1997
Site Number Depth of test | Water Content of the top 30mm | CBR at depth of penetration
of soil from under the plunger
mm Yo %
9 (OWT)
Subgrade 650 72 4.0 at 2.5mm
Brown ASH
10 OIWT)
Subgrade 650 68 6.0 at 2.5mm
Brown ASH
Test detaile

The rate of penetration was Imm/min.
A surcharge mass of 4 kg was used and the base weight diameter wns 156mm.

TELARC

This labarstory Ls registered by the Testing Laboratary
Registration Councll of New Zealand. The tesiz reported
hereln have been psrformed In secordance with Bs termns of

repistration. This report may not be reproduced except in fulk

Approved Signatory f
Laboratory Manager %C/M Dae L/ T 177

Copyright: This report is confidential besween the client and the issuing Laboratory and may not be traded or copied without the express consent of both parties.

Opus International Consultants i37 Bedford Avenue ! Telephone: (06) 345 0042 | Formerly Works
iLimited iPO Box 654 i Facsimile: (06) 345 0041 i Consultancy
i Wanganul Laboratory : Wanganul, New Zealand i Web site: www.opus.co.nz i Services Limited

Qualily Managemaent Syslams Cerlifiad to 180
0001



2/07/97

Alan Suthertand

Opus International Consultants
PO Box 30-845

Lower Hutt

INTERNATIONAL
CONSULTANTS

97/MU502

Evan Huirua
970502.1
6

Job Austroads Testing Wanganui Sampled by Evan Huirua

Location Anderson Road North Sample method NZS 4402:1986

Origin Existing Pavement Sample condition Damp - sealed

Sampling date 23 June 1997

California Bearing Ratio Test Report (Remoulded)

Test method NZS 4407:1991 Test 3.15 California Bearing Ratio (Remoulded Specimens)
Date of test 24-06-1997

Sample description ‘Wet density | Drydensity | Swell | Water Water CBR at depth
as compacted | as compacted Content Content of penetration
at standard at standard before after
compaction compaction soaking | penetration %
t/m’ t/m’ % % %
Pavement Subgrade
Brown ASH 1.62 . 1.00 0 62 58 1.0 at 2.5mm
Location Sites S and 6
Test details

The Enction passing 19.0mm in as received condition was used in ths t=st

‘The samples were compacted using NZ Standard Compaction st 45 received water content
‘The samples were compacted and soaked immedistely following mixing

‘The samples were soaked for 4 days prior to testing for bearing strength

‘The rate of penctration was lmm/min,

A surcharge mass of 4 kg was used and the base weight diameter was 150mm.,

TELARC

This laboratory Ls registered by the Testing Laboratory
Regisiration Coundl of Naw Tualand The tests reportsd
heceln have been porforraed bn accordance with i torms of
registration. This repert may nof be reproduced £xcept lo full

Laboratory Manager Date Z (7 / 7
. Capyright: This report & confidsntal between the chient and the issuing leboratory snd nay not be traded or copicd without the express consent of both parties.
i Opus International Consultants 137 Bedford Avenue i Telephone: (06} 345 0042 | Formerly Works

iLimited {PO Box 654 i Facsimile: (06) 345 0041 i Coasultancy
iWanganul Laboratory i Wanganui, New Zealand | Web site: www.opus.co.nz i Services Limited

i Quality Manegament Systems Cartilied to 1SO
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Alan Sutherland

Opus International Consultants
PO Box 30-845

Lower Hutt

INTERKATIONAL
CORISULTANTS

Lab Ref 97/MO502
Inquiries to Evan Huirua
Report No. 970502.1
Page 7
Job Austroads Testing Wanganui Sampled by Evan Huirua
Location  Anderson Road North Sample methed NZS 4402:1986
Origin Existing Pavement Sample condition Damp - sealed
Sampling date 23 June 1997

California Bearing Ratio Test Graph (Insitu and Remoulded)

Date of test 23-06-1997
mm 0.0 0.5 1.0 1.5 2.0 2.5 3.0 4.0 5.0 7.5
ITWT kN 0 0.21 0.42 0.546 0.651 0.735 0.8085 | 0.8925 | 0.9555 | 1.0815
OWT kN 0 0.189 | 0.315 0.399 0.4935 | 0.546 0.609 0.693 0.7665 | 0.9135
Remoulded 0 0.02 0.04 0.07 0.09 0.10 0.11 0.13 0.14 0.17
1.2 |
=
I |
—/-/
<
=
2
g
o
E —o— T
& —E—OWT -
——f—— Remoulded
—R
0 1 2 3 4 5 [ 7 8
’ Deflection mm
Signed
Laboratory Manager f—m %Q\_/M Date ZI (7 / 7 7
Copyright: Thix

i Opus Internatio
iLImited

it is confidential between the ehient and the issu.i:g laboratory and may not be traded or copicd wuhout the expreas consent of both

nal Cansultants i Telephone: (06} 34

{Wanganui Laboratory

Qualily Managemant Systams Certified to 1SO

9001
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{ Wanganul, New Zealand

nrhes. .
50042 i Formerly Works

i Facsimila: (06) 3450041 i Cansultancy
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Alan Sutherland

Opus Internationat Consultants
PC Box 30-845

Lower Hutt

IHTERRATIONAL
CONSULTANYS

{ Lab Ref 97/M0501

| Inquiries to Evan Huirua
Report No., 970501.1
Page 5

Job Austroads Testing Wanganui Sampled by
Location Patea Township Site
Qrigin Existing Pavement

Evan Huirua
Sample method NZS 4402:1986
Sample condition ~ Damyp - sealed
Sampling date 20 June 1997

California Bearing Ratio Test Report (Insitu)

Test method NZS 4402:1986 Test 6.1.3 California Bearing Ratio (Insitu method)
Date of test 20-06-1997
Site Number Depth of test | Water Content of the top 30mm | CBR at depth of penetration
of soil from under the plunger
mm % %
S(OWT)
Subgrade 350 20 35 at 2.5mm
Light Brown SILT
6 (IWT)
Subgrade 280 27 13 at 2.5mm
Light Brown SILT
Test detls
The rate of penetration wes lmn/min
A surcharge mass of 4 kg wes used and the base wright diameter was 150mm,
TELARC

This haboratory Is registered by the Testing Laboratory
Regirtration Councll of New Zealand. The tests reportad
beraln havs been parformad Is accordance wilh lis terms of
registration This report may nof be reproduced except in full,

Date /!71?7

Approved Signatory i’ %M’%
Laboratory Manager

. Copyright: This teport is confidential between the client and the issuing laboratory and may not be traded or copied snthout the express consent of both parties. .
i Opus International Consultants 137 Bedford Avenue Telephone: (08) 3450042 | Formerly Works
iLimited iPO Box 654

Facsimile: (06) 3450041 i Consulitancy
iWanganui Laboratary Wanganul, New Zealand Web site: www.opus.co.nz | Services Limited
i Quality Managemant Systems Cerlifiad fo ISO H to
0ot :
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Alan Sutherland

Opus International Consultants
PO Box 30-845

Lower Hutt

INTERNATIONAL
CONSULTANTS

Lab Ref 97/M0501
Inquiries to Evan Huirua
Report No. 970501.1
Page 6
Job Austroads Testing Wanganui Sampled by Evan Huirua
Location Patea Township Site Sample method NZS 4402:1986
Origin Existing Pavement Sample condition Damp - sealed

Sampling date 20 June 1997

California Bearing Ratio Test Report (Remoulded)

Test method NZS 4407:1991 Test 3.15 California Bearing Ratio (Remoulded Specimens)
Date of test 24-06-1997

Sample description Wet density | Dry density | Swell Water Water CBR at depth
as compacted | as compacted Content Content of
at standard | al standard before after penetration
compaction | compaction sozking | penetration
t/m’ t/m’ % % % %

Pavement Subgrade

Light Brown SILT 1.96 1.60 0.6 24 24 11 at 5.0mm
Location Sites 5 and 6

Test dotajls

The fraction passing 19.0rm in as received condition was used in the test

The samples wene compacted using NZ Standard Compection at as received water content
The samples were compacted and soaked immediately following mixing

The samples were soaked for 4 days prior to esting for bearing strength

The rate of penetrution wes Lnm/min, .

A surcharge mass of 4 kg was used and the base weight diameter was 150mm,

TELARC

This faboratory Is registered by the Testing Laboratory
Regisration Counell of New Zealand. The tests reporied
bereln have been performed Lo sccordance with Its terms of
registration. This resort mar not be reproduced except In full

Approved Signatory é{ .
Laboratory Manager ér;:.,» Date / ! 7 / ?7

Copyright: This report is confidential between the client and the issuing lsborstory and may not be traded of copied without the express consent of both parties.

Opus International Consuitants {37 Bedford Avenus Telephone: (06) 345 0042 Formerly Works
Limited iPO Box 654 Facsimifa: (06) 345 0041 i Consultancy
:Wanganui Laboratory i Wanganul, New Zealand Web site: www.opus.co.nz ! Sarvices Limited

i Quality Management Systems Cartifiad to 1SO
0G0t
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Alan Sutherland

Opus International Consultants
PO Box 30-845

Lower Hutt

INTERNATIONAL
CONSUMLTANKTS

Lab Ref 97/M0O501
Inquiries to Evan Huirua
Report No, 970501.1
Page 7

Job Austroads Testing Wanganui Sampled by
Location Patea Township Site

Qrigin Existing Pavement

Evan Huirua
Sample method NZS 4402:1986
Sample condition  Damp - sealed
Sampling date 20 June 1997

California Bearing Ratio Test Graph (Insitu and Remoulded)

Date of test 20-06-1997

mm 00 jO.5 1.0 1.5 2.0 2.5 3.0 |40 5.0 7.5

IWT kN 0 0.693 | 1.1655 { 1.428 | 1.6065 | 1.7325 | 1.827 1.974 2.079 2.31

OWT kN 0 1.68 | 2.625 3.465 | 3.99 4.41 47565 | 5.0295 | 5.2395 | 5.586

Remoulded | 0 0,13 | 0.36 0.67 | 0.91 1.13 1.38 1.73 1.98 2.51
8

=

——WT l;

G OWT
——— Remoulded

_____,..-—-—‘"%
2 a3

Compression kN

Deflection mm

Signed C%’\ éi .
Laboratory Manager Date / 177 ?7

. Copyright: This report is confidential between the ehent and the issuing laborstory and may not be traded or copied without the express consent of both paraes. "

i Opus International Consultants : 37 Bedford Avenue i Telephone: (06) 3450042 : Formerly Works
iLimlted ‘PO Box 654 i Facsimile: (06) 345 0041 i Consultancy
iWanganui Laboratory i Wanganul, New Zealand

i Quality Managaman! Systems Cerlified to 1SO

{ Web site: www.opus.co.nz | Services Limited
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Alan Sutherland
Opus International Consultants
PO Box 30-845
Lower Hutt

INTERHATIONAL
CONSULTANTS

Lab Ref 97/M0504
Inquiries to Evan Huirua
Report No. 970504.1
Page 3
Job Austroads Testing Wanganui Sampled by Evan Huirua
Location Quri Stream Bridge Easi Sample method NZS 4402:1986
Origin Existing Pavement Sample condition = Pamp - sealed
Sampling date 18 June 1997
Particle Size Distribution Test Report and Graph
Date of test 27-06-1997 Pavement Basecourse
Sieve Size | Cumnulative Not specified Sieve Size Cumulative Not specified
Percentage Percentage
Passing Passing
Y% %
63.0mm 100 NA - - -
53.0mm 98 NA 4.75mm 41 NA
37.5mm 94 NA 2.36mm 33 NA
26.5mm 85 NA 1.18mm 27 NA
19.0mm 75 NA 600um 21 NA
13.2mm 63 NA 300um 16 NA
9.50mm 54 NA 150pm 11 NA
6.70mm 47 NA 75um 7 NA
100
90 =
_% 80
% o —
geg o bl
w5 B0
g8 w - =
g 30 e /
a8 2
10
]
0.01 0.1 1 10 100
Particle Size {millimetres)
Silt Sand Gravel
Msdium |  Course Finc ] Medium | Conse
Testmethod
NZS 4407T:1991 Test 3.8.1 Wet Sieving

The percentage passing the finest sieve was obtained by difference

TELARC

This laboratory ke registered by the Testing Laboratory
Registration Councll of New Zealand. The tests reported
hereln bave bern performed Lo acoordance with lis terma of
repistration. This veport may not be reproduced except In full

Approved Signatory
Laboratory Manager

Lo Horn

Date Z / 7 I?'?

iop

Copyright: This report is confidential bcmacn_uT: client ang the 1suing laborutory and mey not be trndad or copied without the express consent of both parties.
us International Consultants

iLimited
i Wanganui Laboratory

Quelity Manegemuent Sysiems Cartifiad to 150
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137 Bedford Avenue

iPO Box 654

{ Wanganui, New Zesland

i Telephone: (06) 345 0042 } Formerly Works
i Facsimile: (06) 345 0041 i Consultancy
i Web site: www.opus.co.nz | Services Limited
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Alan Sutherland

Opus International Consultants
PO Box 30-845

Lower Hutt

INTERMNATEONAL
COHSULTANTS

Lab Ref 97/M0505
Inquiries to Evan Huirua
Report No. 970505.1
Page 3
Job Austroads Testing Wanganui Sampled by Evan Huirua
Location Nopera Road South Sample method NZS 4402:1986
Origin Existing Pavement Sample condition  Damp - sealed
Sampling date 18 June 1997

Particle Size Distribution Test Report and Graph

Date of test 27-06-1997 Pavement Basecourse
Sieve Size | Cumulative Not specified Sieve Size | Cumulative Not specified
Percentage Percentage
Passing Passing
% %
63.0mm 100 NA - - -
53.0mm 100 NA 4.75mm 42 NA
37.5mm 99 NA 2.36mm 35 NA
26.5mm 81 NA 1.18mm 29 NA
19.0mm 71 NA 600pm 22 NA
13.2mm 61 NA 300um 14 NA
9.50mm 53 NA, 150um 9 NA
6.70mm 46 NA 75um 6 NA
100
g0
5 8o /
T 10 Z
5 = 60 ,/
¥ a
2 pn= et
3
10
0
¢.01 0.1 1 10 100

Particle Size (millimetres)

Silt Sand Gravel

Medium [ Coarse Fine | Medivm | Coanse

Test inethod
NZS 4407:)991 Test 3.8.1 ‘Wet Sieving
The percentage passing the Anest sieve was abtained by difference

TELARC

This laberatory is registersd by the Testing Laboratery
Reglstration Councll of New Jealand. The tesie reported
bereln have been performed in sccordance with Its terms of
reglstration Thit repor? may not be reoroduced except In full

Approved Signatory :f .
Laboratory Manager Date 2 / (7 ! ?7

Copynght: This report it confidential between the clicnt and the ixsuing Isboratory rnd may not be treded or copied without the express consent of both parties,

{ Opus International Consultants {37 Bedford Avenue { Telophone: (06) 345 0042 | Formerly Works
iLimited . {PO Box 654 i Facsimile: (06} 345 0041 i Consultancy
iWanganui Laboratory i Wanganul, New Zealand

i Quality Management Syslems Carltified to ISO

i Web site; www.opus.co.nz | Services Limited
inoot :
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Alan Sutheriand

Opus International Consultants
PO Box 30-845

Lower Hutt

INTERHATIONAL
COMSULTANTS

Lab Ref 97/MO503
Inquiries to Evan Huirua
Report No. 970503.1
Page 3
Job Austroads Testing Wanganui Sampled by Evan Huirna
Location Warwick Rd - Hills Rd Sample method NZS 4402:1986
Origin Existing Pavement Sample condition Damp - sealed
Sampling date 21 June 1997

Particle Size Distribution Test Report and Graph

Date of test 27-06-1997 Pavement Basecourse
Sieve Size | Cumulative Not specified Sieve Size Cumulative Not specified
Percentage Percentage
Passing Pagsing
% %
63.0mm 100 NA - - -
53.0mm 100 NA 4.75mm 72 NA
37.5mm 99 NA 2.36mm 62 NA
26.5mm 97 NA 1.18mm 53 NA
19.0mm 95 NA 600um 43 NA
13.2mm 89 NA 300um 31 NA
9.50mm 83 N4 150um 20 NA
6.70mm 77 NA 75um 13 NA
100
%0
;:’ 80 - el
=
S 70
5 5, 60
$£ = 1
f’; g 40 -
2 30
3 2 = o
10 =
o
0.01 0.1 1 10 100
Particle Slze (millimetres)
Silt Sand Gravel
Medium 1 Course Fine T Medium | Coarse
NZS 4407:1881 Test 38.1 Wt Sicving
‘The petteniage passing the fnest sieve was obtained by difference
TELARC
This labaratory Is registered by the Testing Laboratory
Regirtratlon Counctl of New Zealand. The tests reported
hzreln have heon performed 1o accordance with Itx terms of
regisiration, This report may not be reproduced excent in full
Approved Signatory .
Laboratory Manager Date 2/ 7 | 77

. Copyright: This repart is confidential between the client and the issuing laboratory and may not be tmded or copied vathout the express consent of bath paries. .
i Opus International Consultants i 37 Bedford Avenue i Telephone: (06) 345 0042 i Formerly Works

iLimited PO Box 654 i Facsimile: (06) 345 0041 | Consultancy
iWanganui Laboratory { Wanganui, New Zealand ! Web site: www.opus.co.nz | Serviees Limited

i Quality Managemant Systems Cartifiod to IS0
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Alan Sutherland

Opus International Consultants
PO Box 30-845

Lower Hutt

INTERMNATIOMAL
CONSULTARTS

Lab Ref 97/M0502

Inquiries to Evan Huirua

Report No. 970502.1

Page 3

Job Austroads Testing Wanganui Sampled by Evan Huirua
Location  Anderson Road North Sample method NZS 4402:1986
Origin Existing Pavement Sample condition Damp - sealed
Sampling date 23 June 1997
Particle Size Distribution Test Report and Graph
Date of test 27-06-1997 Pavemeni Basecourse
Sieve Size | Cumulative Not specified Sieve Size Cumnulative Not specified
Percentage Percentage
Passing Passing
74 %
63.0mm - NA - - -
53.0mm - NA 4.75mm 42 NA
37.5mm 100 NA 2.36mm 32 NA
26.5mm 95 NA 1.18mm 24 NA
19.0mm 85 NA 600um 18 NA
13.2mm 72 NA 300pm 12 NA
9.50mm 61 NA 150um 8 NA
6.70mm 30 NA 75um 5 NA
100
S0 el
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0.01 01 1 10 100
Partlcle Size {mlllimetres)
Silt Sand Gravel
Medium [ Comnse Fine 1 Medium | Canarse
Nr;.; A4407:599] Test 3.8.] Wet Sieving

The percentage passing the finest sicve was obtained by differenes

TELARC

This laborstory is reglstered by the Testing Laboratory
Registration Countll of New Zraland. The tests reported
berein have beea performed in accordance with fts terms of
registration Thix report may not be reproduced except In full

Approved Signatory
Laboratory Manager

Date 1/ r? | 77

Cop € This report is confidental between the chient apd the jzsis

§Opus nternatfonal Consultants

iLimited

iWanganui Laboratory

: Qualily Management
00T

Systems Certified 1o 150

137 Bodford Avenue
{PO Box 654
i Wanganui, New Zealand

Laboretory and 1; ay not be traded or copied wathout the express consent of both

Arct. .
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i Facsimila: (06) 345 0041 : Consultancy
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Alan Sutherland

Opus International Consultants

PO Box 30-845
Lower Hutt

ENTERMATIONAL
CONSULTANTS

Lab Ref

97/M0501
Inquiries to Evan Huirua
Report No. 970501.1
Page 3
Job Austroads Testing Wanganui Sampled by Evan Huirua
Location Patea Township Site Sample method NZS 4402:1986
Origin Existing Pavement Sample condition  Damp - sealed
Sampling date 20 June 1997
Particle Size Distribution Test Report and Graph
Date of test 27-06-1997 Pavement Basecourse
Sieve Size | Cumnulative Not specified Sieve Size Cumulative Not specified
Percentage Percentage
Pagsing Passing
% %
63.0mm 100 NA - - -
53.0mm 100 NA 4.75mm 46 NA
37.5mm 85 NA 2.36mm 42 NA
26.5mm 73 NA 1.18mm 37 NA
19.0mm 64 NA 600um 32 NA
13.2mm 57 NA 300pm 24 NA
9.50mm 53 NA 150pum 15 NA
6.70mm 49 NA 75um 10 NA
100
80 /
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0.01 0.1 1 10 100
Partlcle Size {millimetres)
Silt Sand Gravel
Medium | Coare Fine | Medium | Conrse
Testmethod
NZS 4407:1991 Test 3.8, ‘Wet Sieving
The peroentage passing the fnest sieve was obtained by difference
TELARC
This laberatery Ls registered by the Testing Laboratery
Reglrtration Councll of New Zemland. Thas tasts reported
herein have been performed in accordance with ts terms of
replstration. Thiz report may not be reproduced except kn full
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