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SUMMARY

A comprehensive review of selected trial sections on Tonkin Highway,
Reid Highway and Kwinana Freeway was undertaken, including:

. design pavement profile and assumptions
. subsurface and climatic conditions

. construction data

. post-construction monitoring

. traffic history analysis

. performance data including historic Benkelman beam (BB), Falling
Weight Deflectometer (FWD), roughness and rutting data.

Following the in-depth review of data collected of nine trial sections across
the three sites, which all comprise thin asphalt surfacing (< 60 mm) and
either a bitumen-stabilised limestone (BSL) or crushed rock base (CRB)
basecourse, overlying a limestone subbase and sand subgrade — and a
review of the procedures outlined in both Engineering Road Note 9 and
Austroads Guide to Pavement Technology: Part 2 — two areas of influence
as the mechanism for the better-than-expected performance were
identified:

1. the applicability of the mechanistic method for the design of asphalt
fatigue for thin surfacings (< 60 mm)

2.  the conservativeness of the presumptive values assigned to both
unbound granular and subgrade materials used in the initial
mechanistic pavement design.

The findings of the investigation were as follows:

. The current 5 year design period for less heavily-trafficked roads
may be eliminated and higher predicted asphalt fatigue lives could
be provided across all design traffic loadings.

. Amendments to the Austroads design methods need to be
developed which better reflect the structural contribution of crushed
limestone subbase.

. Refinement of the presumptive sand subgrade moduli to reflect
strength qualities available in Perth is required.

Further investigation of these observations through the analysis of other
sections of road with available performance data should be undertaken as
the data available for this project is not considered to be enough to
warrant immediate changes to the current method for determining the
fatigue life of thin asphalt surfacings. However, MRWA may consider that
this project has provided sufficient evidence to justify the implementation
of these recommendations.
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial
Sections PRP16072

1 INTRODUCTION

Austroads (previously the National Association of Australian State Road Authorities)
established ARRB Project 357, Field Trials of Pavement Structures (Sharp, Butkus, Bruce,
Cocks & Potter 1987), in the late 1970s. One element of the project included the design,
construction and monitoring of 12 trial pavements along the Tonkin Highway. The principal
aim of the project was to define the behaviour of flexible pavement layers (mainly asphalt
and unbound granular) relative to the structural design parameters and/or granular
equivalencies from detailed laboratory testing and in situ measurements during construction
and under service conditions.

Out of the 12 trial sections along the Tonkin Highway, three were constructed using
materials typical of Perth’s flexible granular pavements with thin (< 60 mm) surfacings.
These typical materials include crushed rock base (CRB) or bitumen-stabilised limestone
(BSL) as basecourse, limestone subbase and sand subgrade. As part of the overall trial,
sections were designed to fail after two/three years in-service. However, after approximately
35 years of trafficking and without any major overlays or rehabilitation being required, the
performance of these three trial sections continues to be satisfactory.

In addition to the Tonkin Highway trials, nine other sections were constructed along the Reid
Highway in West Swan between 1995 and 1996. Similarly to the Tonkin Highway trials, three
of the Reid Highway trials comprise the same typical profile of thin asphalt with a CRB or
BSL base, over a limestone subbase and sand subgrade. These Reid Highway trials have
further demonstrated the sound performance of these pavement systems after 20 years in-
service.

As part of the new Perth to Bunbury Highway upgrade in 2009, 15 trial sections were
constructed along the southbound carriageway of the Kwinana freeway in Karnup. Again,
three of the 15 sections of the trial comprise the typical materials aforementioned; however,
these trials represent the youngest of the trial pavement systems which have also been
exposed to high annual traffic loadings early in their lives.

With the continuing performance not only of these trial pavements, but also of the majority of
metropolitan granular pavements, Main Roads Western Australia (MRWA) proposed that
further investigation of the better-than-expected performance is warranted, as this may lead
to reduced conservatism and improved value-for-money outcomes from the current
pavement design procedure for granular pavement with thin asphalt surfacings.

A comprehensive data review of the selected trial sections was undertaken, including the

collation of all available information pertaining to the trial sections of interest. This included:

. design pavement profile and assumptions

. subsurface and climatic conditions

. construction data

. post-construction monitoring

. traffic history

. performance data, including historic Benkelman beam (BB), Falling Weight
Deflectometer (FWD), and roughness and rutting data.

Further to the data review, field investigations were undertaken at both sites to confirm the
pavement profile and to collect bulk samples for laboratory testing. FWD testing in both the
outer wheelpath (OWP) and between the wheelpaths (BWP) was also undertaken. This data
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was subsequently used in EFROMD3 modulus back-calculation analyses to determine in-
service modulus values for the granular and subgrade materials.

A review of the procedures outlined in both Engineering Road Note 9 (ERN9) (MRWA
2013a) and the Austroads Guide to Pavement Technology: Part 2 (AGPTO02) (Austroads
2012), suggested two areas of influence as the mechanism for the better-than-expected
performance exhibited by flexible pavements with thin surfacing:

1. the applicability of the mechanistic method for the design of asphalt fatigue for thin
surfacings (< 60 mm)

2. the conservativeness of the presumptive values assigned to both unbound granular
and subgrade materials as used in the initial mechanistic pavement design.

This report presents the result of the investigations, including a comparison of in-service and
predicted performance and recommendations for follow-up work. A summary of the data
collected and the results of elastic layer and back-calculation analyses are presented in a
series of appendices.
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2 CURRENT DESIGN SYSTEM

2.1 Introduction

Current practice for the design of flexible pavements with thin asphalt or bituminous
surfacings primarily relies on the empirical design procedure to determine the minimum
thickness of the granular, select fill and stabilised subgrade layers which form the pavement
structure, over the subgrade. This minimum thickness is dependent on the subgrade design
California Bearing Ratio (CBR) in addition to the design traffic loading over a 40 year design
period (see Section 8.3 of Austroads 2012).

According to the MRWA (2013) design supplement, ERN9, the subgrade design CBR should
be limited to a maximum of 15%, even when a layer of selected material with high soaked
CBR has been imported and placed below the subgrade surface and even if the outcome of
laboratory assessment indicates a higher value. Typically, a maximum value of 12% in the
case of Perth sands is accepted due to the familiarity and historical performance of the
material as a subgrade in WA.

The 3/5" base rule or Clause 1.4 of ERN9, is used in conjunction with the empirical method
to further calculate the discrete thicknesses of the base and subbase layers for input into the
mechanistic procedure. It states that the top three sub-layers of the granular pavement with
a thin surfacing must be constructed from basecourse material (MRWA 2013a). This clause
was introduced as a way of ensuring that the base layer of the pavement system had
sufficient thickness to ensure adequate modulus development. In the case when the top
three sublayers exceed 250 mm, the basecourse thickness can be limited to 250 mm
(MRWA 2013a).

Following the use of the empirical method to determine a minimum pavement thickness, the
mechanistic method is used to assess the fatigue of the asphalt surfacing. For pavements
with a nominal asphalt thickness of 60 mm or less, the minimum asphalt fatigue life can be
limited to 15 years. However, based on historic performance of thin surfacings on granular
pavements of certain material configurations, Clause 1.2(c) was introduced in 2013 which
allowed for a reduced fatigue design life of 5 years given all criteria are met. These criteria
include:

. CRB or BSL basecourse
. limestone subbase
. well-drained sand subgrade

. 40 year design traffic less than 3 x 10" ESAs.

The traffic limit placed on the use of Clause 1.2(c) is based on the performance of various
sections of the Leach Highway which, at that time, was one of the few heavily-trafficked
metropolitan roads which had sections approaching 40 years of in-service life and were
comprised of well-performing thin bituminous surfacings over either CRB or untreated
limestone and sand subgrades. An analysis of the traffic data demonstrated that most of
these older sections had reached a level of traffic loading close to or just below 3 x 10" ESAs
over the 40 years in-service life.

Prior to 2007, ERN9 did not require mechanistic design for asphalt fatigue to be undertaken;
the empirical method would determine the required cover thickness, and a standard
surfacing was specified. The use of the mechanistic method for the design of all pavements
with thin asphalt surfacings was introduced to reduce the risks associated with increased
axle loads and traffic volumes. The introduction of this method also included a 10 mm
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increase in the nominal asphalt thickness, to reflect construction variability, when modelling
thin asphalt pavements using the mechanistic procedure.

2.2  Thin Asphalt Fatigue Life

When using the mechanistic procedure to analyse the fatigue of thin asphalt pavements, the
results can be highly variable depending on the material properties assumed by the
designer. Furthermore, large increases in granular thickness provide only minor increases in
asphalt fatigue life.

Considering the current design procedure and parameters used for the mechanistic design
of thin asphalt pavements which conform to the criteria set out in Clause 1.2(c), Figure 2.1
and Figure 2.2 demonstrate the sensitivities and limitations of the mechanistic output.

The granular and asphalt design moduli are presented in Table 2.1 and Table 2.2
respectively. As aforementioned, the 3/5" rule means that layers 4 and 5 of the mechanistic
sub-layering process (as per AGPT02) represent the subbase material. It is therefore
expected that the top of the 4" layer will have a modulus near to this value.

Table 2.1:  Typical pavement design moduli recommended by MRWA (ERN9) and AGPT02 (Austroads 2012)

Material Modulus (MPa)
Base 500/600
Limestone subbase | 250

Sand subgrade 120

Table 2.2:  Typical design moduli for dense-graded asphalt (DGA) thin asphalt pavements recommended by ERN9
(MRWA 2013a) and AGPT02 (2012) for various speeds

Material Posted | Measured | Air Temp. | Insitu | Viit WMAPT | HV design | Design
speed modulus’ | voids | (°C) Vair (%) (°C) speed modulus
(km/h) | (MPa) (%) (%) (km/h) (MPa)
10 mm/170 bit Perth 110 5,000 5 25 8.8 11.8 29 100 2,820
DGA 100 9 2,720
90 80 2,600
80 70 2,480
70 60 2,340

1 Indirect tensile modulus measure for a mix with 5% air voids at a temperature of 25°C and a rise time of 40 ms.

As outlined in ERN9, the maximum mean normal stress and minimum octahedral shear
stress limits used for determining the vertical modulus at the top sublayer of unbound base
materials — using repeated load triaxial testing (RLTT) — is 240 kPa and 120 kPa respectively
(MRWA 2013a).

2.2.1 Granular Thickness and Modulus

Figure 2.1 illustrates pavement thickness requirements for various design ESAs and
granular moduli at heavy vehicle design speeds (HVS) of 60 km/h and 90 km/h along urban
freeways and highways. According to ERNB9, for thin asphalt pavements these HVS
correspond to posted speed limits of 70 km/h and 100 km/h respectively which is typical of
travel speed along urban freeways and highways in the Perth metropolitan area.

It can be seen from Figure 2.1 that a large increase in the thickness of the granular layer
does not result in a large increase in the asphalt fatigue life, i.e. for 500 MPa and a 200 mm
increase in layer thickness from 244 mm, the fatigue life increases from 1.5 x 10° ESAs to
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2.7 x 10% ESAs. This small increase in allowable loading with a relatively large increase in
granular thickness is an apparent limitation associated with the mechanistic design of thin
asphalt pavements.

It is also one of the reasons why the reduced fatigue design life (ERN9 Clause 1.2 (c)) would
have been introduced for the design of thin asphalt surfacings as it would be impossible to
not only meet the required design traffic, but the pavement thicknesses would be extremely
uneconomical. This would result in granular pavements with a 30 mm design thickness of
DGA surfacing being unsuitable for any project with a design life greater than

1.0 x 10° ESAs.

Furthermore, an increase in the modulus of the granular material from 500 MPa to 700 MPa
corresponds to a 10-fold increase in the asphalt fatigue life, i.e. for a thickness of granular
material of 350 mm, the fatigue life increases from 2.0 x 106 ESAs to 1.5 x 107 ESAs. This
demonstrates the sensitivity of the method to the modulus of the granular material selected
for analysis.

Figure 2.1: Design examples for various granular base moduli and heavy vehicle design speeds
(subgrade CBR= 12%)
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2.2.2  Variation in Asphalt Thickness

Examples of the variation in allowable traffic loading with the thickness of thin asphalt
surfacing at HVS of 90 km/h and a standard design granular modulus of 500 MPa are shown
in Figure 2.2. As aforementioned, MRWA introduced a 10 mm addition to the nominal
asphalt thickness when modelling using the mechanistic procedure. This 10 mm addition is
to account for construction variations.
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The output demonstrates the high sensitivity of the mechanistic procedure to the thickness of
a thin asphalt surfacing. By modelling a 40 mm thick asphalt surfacing rather than the
nominal 30 mm, the asphalt fatigue life is reduced by a factor of 10 (i.e. 107 to 10°).

Figure 2.2: Variation in allowable traffic loading with asphalt thickness (subgrade CBR= 12%)

Mechanistic Design - 500 MPa Granular, SARS/ESA=1.13
25 mm DGA at 90km/ 30 mm DGA at 90 kmv/h

—235 mm DGA at 90km/h —40 mm DGA at 90 km'h
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2.3  Areas of Investigation

By considering the current design system and the various outcomes from the mechanistic
design of thin asphalt surfacings, it is clear that not only is the mechanistic procedure highly
sensitive to granular modulus and asphalt thickness, it also presents limitations on the
allowable loading output which can be obtained when modelling thin asphalt surfacings.
These limitations, combined with the conservative nature of current design values for
material characterisation, result in the output of the mechanistic procedure being
conservative and not representative of what is observed within a pavement structure in
service.

However, MRWA considers the inclusion of the mechanistic check for asphalt fatigue an
integral part of reducing the risk associated with the performance of these pavements.
Therefore, MRWA is interested in modifying the design method to more closely reflect field
performance. Accordingly, the design method changes were investigated:

. consideration of a new asphalt fatigue design approach which considers both a short-
(first year) and long-term (15 years) asphalt fatigue life using the current mechanistic

procedure
. possible increase in granular modulus for base materials for use in long-term analysis
. possible increase in granular modulus for limestone subbase material for use in long-

term analysis

. possible increase in the maximum subgrade CBR design value above 15%
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. change in elastic characterisation of granular materials.

It is hoped that these adjustments will ensure the mechanistic procedure will better reflect
the in situ pavement response to load, and therefore better predict the fatigue characteristics
of thin asphalt surfacings.

An increase of the limiting traffic loading (3 x 107 ESA) assigned to Clause 1.2(c) was also
investigated via data collated from the Tonkin and Reid Highway trial sections, in addition to
other similar sections along the same routes.
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3 TONKIN HIGHWAY

3.1 Overview

The 12 Tonkin Highway trial sections are located between Kelvin Road and Gosnells Road
East between chainages 21 520 and 22 990 m. The test sections include both lanes in the
southbound direction which has a posted speed limit of 100 km/h. The start and end
chainages and corresponding lengths of each trial section are shown in Table 3.1. The
granular pavements materials (where applicable) are also shown.

Table 3.1:  Details of Tonkin Highway trial sections

. . Start chainage End chainage Length Material type

Trial section

(m) (m) (m) Basecourse Subbase Subgrade
1 21520 21600 80 2% BSL
2 21600 21720 120 2% BSL
3 21720 21840 120 2% BSL
4 21840 21940 100 2% BSL Crushed _

: White sand
5 21940 22 040 100 2% CSL limestone
6 22 040 22 140 100 CRB
7 22140 22 280 140 CFS
8 22 280 22 380 100 Crushed limestone
9 22 380 22530 150 - -
10 22 530 22700 170 CRB CRB
Yellow sand

110 22700 22 800 100 - -
12 22 800 22 900 100 CRB CRB

1 Sections 9 and 11 comprise full depth asphalt pavements overlying sand subgrade. No granular materials present.
Notes:

= BSL: bitumen-stabilised limestone

= CSL: cement-stabilised limestone

= CRB: crushed rock base

= CFS: crushed ground granulated blast furnace slag

Source: Butkus & Bruce (1982a Part 1).

The trial sections were constructed in 1980 and opened to traffic in early 1981. All
construction and laboratory details were included in a series of internal technical Main Roads
reports (Butkus & Bruce 1982a-g, Parts 1-7) which were subsequently summarised in an
ARRB internal report (Sharp et al. 1987). These reports collectively include details such as
section chainage, design material profiles, as-constructed material profiles, basic laboratory
analysis of base, subbase, subgrade and asphalt materials, construction QA test results, and
after-construction monitoring data including Benkelman beam data.

3.2 Sections of Interest

Three trial sections were chosen for further investigation from the Tonkin Highway trial. Each
of these sections of interest comprised a thin asphalt surfacing (£ 60 mm nominal thickness),
a crushed limestone subbase, and a sand subgrade. As per ERN 9 Clause 1.2(c), the base
material of these sections was either crushed rock base (CRB) or bitumen-stabilised (2%)
limestone (BSL).

The composition of each section as detailed in the construction reports is presented in
Table 3.2. An identification number has been assigned to each section of interest with a
prefix to differentiate between trial locations.
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Table 3.2:  Details of Tonkin Highway sections of interest and pavement profiles
::l:r:t;f;:;ation Layer Material Rﬁts:liggss (mm) ;:;?Er)? r:::zllif\?si
T2 Asphalt 10 mm open-graded asphalt (OGA) 30 39
Class 320 bitumen
10 mm dense-graded asphalt (DGA) 30 46
Class 170 bitumen
Basecourse 2% BSL 75 66
Subbase Crushed limestone 225 231
Subgrade White sand - -
T4 Asphalt 10 mm DGA, Class 170 bitumen 30 42
Basecourse 2% BSL 75 60
Subbase Crushed limestone 225 238
Subgrade White sand - -
T6 Asphalt 10 mm DGA, Class 170 bitumen 30 39
Basecourse CRB 75 77
Subbase Crushed limestone 225 221
Subgrade White sand - -

Source: Butkus & Bruce (1982a Part 1).

3.2.1 Subsurface Conditions

The 1:250 000 Environmental Geological Map series produced by the Geological Survey of
Western Australia Pinjarra sheet (Geological Survey of Western Australia 1980) indicates
the natural subsurface conditions below the trial pavement systems to include Bassendean
sands at T2 and T4. Thin Bassendean sands over Guildford formation clays are inferred at
T6. Guildford clays are typically of low plasticity and can also show marginal swell potential
(0.5<lss<3). They are often stiff to hard in consistency, increasing in strength when dry.

Localised iron-cementation is often encountered within the Bassendean sand system and
the Guildford formation. This iron cementation, which can vary in thickness up to a maximum
of 4 m, is caused by seasonal fluctuations of the water-table. These pockets of cementation
are common at the interface of Bassendean sands and Guildford formation clays due to the
inherent nature of water to perch on the clayey surface during wetter months; it tends to
evaporate when temperatures rise. This indurated material is often referred to locally as
Coffee Rock and can easily cause refusal of a 20 tonne hydraulic excavator. Larger
excavators and rock breakers have been widely used, with comparatively slow excavation
productivity. Test procedures used to identify areas at risk usually include (Hillman, Cocks &
Ameratunga 2003):

. Standard Penetrometer Test (blow counts in excess of 30 counts)

. Electric Friction Cone Penetrometer or CPT (cone resistances of greater than 20 MPa
in sands and greater than 5 MPa in high friction ratio clays)

. Borehole core (Point Load Index Isse) > 0.03 MPa).

3.2.2 Climate Data

The annual average rainfall from the Gosnells City weather station, which is in close vicinity
to the Tonkin Highway trial sections, was collated to demonstrate the climatic history during
the in-service life of the pavements. Data from five year prior to construction through to 2016
obtained from the Bureau of Meteorology (BOM 2013) is presented in Figure 3.1. The plot
demonstrates a clear downward trend of annual average rainfall for this location.
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Figure 3.1: Tonkin Highway historic annual average rainfall data
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Source: BOM 2013.

3.3 Construction Data
3.3.1 Construction Notes

It was noted during construction that the white sand was difficult to compact; some sections
were accepted after reworking even though they were still marginally outside the required
specification (Butkus & Bruce 1982a).

As detailed in the Tonkin Highway construction report, sections T2 and T4 were located on
embankments constructed of grey and black poorly-graded sands from a separate borrow pit
in Canningvale. Section T6, however, was located in a shallow cut which intersected the
clayey-gravel natural ground. This unsatisfactory subgrade material was excavated to a
depth of 500 mm and replaced with the white subgrade sand (Butkus & Bruce 1982a).

The crushed limestone subbase was sourced from a quarry in Fremantle, whilst the
limestone to produce the BSL was sourced from a quarry in Neerabup (Butkus & Bruce
1982c). The CRB was supplied from the Readymix quarry in Gosnells (Butkus & Bruce
1982d)

The subbase limestone had a calcium carbonate content of 66.8% (Butkus & Bruce 1982c)
and the BSL limestone 63.8% which were both higher than the minimum required of 60%.
The bitumen content of the BSL was measured at an average of 1.6% which was lower than
the specified amount of 2% (Butkus & Bruce 1982d).

3.3.2  Material Properties

Basic material testing was undertaken on both the granular and asphalt materials before
construction to obtain design values.
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Granular materials and subgrade

The material properties of the granular materials and the sand subgrade are shown in
Table 3.3 (particle size distribution (PSD)) and Table 3.4 (other results).

Table 3.3:  Tonkin Highway — mean particle size distribution (granular materials)

% Passing
Slevesizo(mm) | . o | opp crushed | White sand
19.0 100 100 100 -
9.0 _ 82 86 -
475 80 49 8 -
236 - 35 73 100
118 68 % 70 100
060 - 19 63 %2
0425 - 16 52 %
0.300 - 14 38 3
0.150 - 10 17 >
0.075 - 7 13 !
0.0135 - 3 9 1

Source: Butkus & Bruce (1982b-d, Part 2-4).

Table 3.4:  Tonkin Highway - results of laboratory testing (granular materials)

. Linear I .
Material . . Liquid Plastic CBR MDD oMC
purpose Material ?,,2;'""39" limit (%) | limit (%) | (%) (t/m?) (%)
2% BSL (T2, T4) - N/O NP 80" 1.84 9.2
Basecourse
CRB (T6) 0.5 N/O NP 822) 2.37 6.3
Subbase Crushed limestone | 0 N/O NP 956) 2.00 9.3
Subgrade White sand 0 N/O NP 17¢4) 1.79 15.8

1 Mean CBR conditions: 61% OMC & 98% MMDD with 4.5 kg surcharge, 9 samples.
2 Mean CBR conditions: 78% OMC & 91% MMDD with 4.5 kg surcharge, 4 samples.
3 Mean CBR conditions: 60% OMC & 92% MMDD with 4.5 kg surcharge, 1 sample.
4 Mean CBR conditions: 74% OMC & 93% MMDD with 13.5 kg surcharge.

Notes:

= N/O - not obtainable.

= NP - non-plastic.

= MMDD - Modified maximum dry density.

Source: Butkus & Bruce (1982b-d, Part 2-4).

In addition to the CBR testing conducted on samples taken during construction and at
conditions close to the specification density and moisture limits, laboratory unsoaked CBR
testing was also conducted on the same bulk samples at various moisture and density
conditions for the base materials and subgrade sand. These results are plotted in Figure 3.2,
Figure 3.3 and Figure 3.4.
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Figure 3.2: CBR of bitumen stabilised limestone at various conditions
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Figure 3.3: CBR of crushed rock base at various conditions
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Source: Butkus & Bruce (1982d, Part 4).
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Figure 3.4: CBR of sand subgrade at various conditions
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Asphalt
The properties of the asphalt are shown in Table 3.5.
Table 3.5:  Tonkin Highway — mean values of laboratory testing results (asphalt)
Asphalt tvpe % Actual fines | Bitumen content | Maximum density Air voids
phalttyp (<0.075mm) | (% volume, Vb) (tm?) (%)
10 mm DGA, Class 170 | 6.3 13.5 246 35
10 mm OGA ,Class 320 | 3.8 13.9 249 19.5

Source: Butkus & Bruce (1982e, Part 5).

3.3.3

In situ Density Testing

The density construction specifications for the Tonkin Highway trial sections are presented in
Table 3.6. No dryback specification was provided for the trials.

Table 3.6:  Tonkin Highway - density specifications

ID Material Minimum dry density ratio (% MMDD)
T2 2% BSL 97

T4

T6 CRB 97

T2 Limestone subbase 96

T4

T6

T2 White sand subgrade | 97
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ID Material Minimum dry density ratio (% MMDD)
T4 Cont... Cont...
T6

Source: Butkus & Bruce (1982a-e).

The in situ dry density and moisture content data obtained for each section is shown in
Table 3.7. The values in bold italics are below the density specification detailed in Table 3.6.

Table 3.7:  Tonkin Highway — mean dry density and moisture content at construction

Mean d Mean Mean d Mean
. No. of | MDD OoMC ' dry moisture \ary moisture
ID Material o density density ratio .
tests | (tm3) | (%) (thm3) content (%) ratio
(%) ’ (%)
T2 2% BSL 8 1.89 9.2 1.84 4.0 97.2 435
T4 6 1.83 42 96.7 46.7
T6 CRB 24 2.37 6.2 2.20 22 92.8 355
T2 Limestone 8 2.00 9.3 1.94 55 96.7 59.1
T4 | Subbase 6 189 538 945 62.4
T6 2 1.87 6.7 93.1 72.0
T2 White sand 2 1.79 15.8 1.69 6.5 94.6 41.1
T4 | Subgrade 4 166 6.7 92.8 422
T6 6 1.713 8.9 95.8 56.5

Source: Butkus & Bruce (1982b-d, Part 2-4).

The in situ density results demonstrate that the mean dry density of the sand subgrade was
lower than the specified density (Table 3.6) at all locations. The in situ density of the
subgrade was, on average, at least 2.6% less than the specified minimum value. This
reflected the difficulty of compaction as detailed in the construction notes. The in situ
densities in Section T6 were low for both the limestone subbase and the CRB. The level of
compaction of the base in Section T4 was acceptable; however the subbase density was
also a little below the specified minimum. The compaction of both the subbase and base in
Section T2 closely matched the specified minimum.

The moisture ratios in Sections T2 and T4 were similar for all materials; however, the
moisture ratios in Section T6 were higher. This can be explained by the fact that Section T6
was located within a cut while Sections T2 and T4 were located on well-drained
embankments. However, it is unknown how long after construction moisture sampling was
undertaken. This would influence the above results.

34 Pavement Maintenance

It is important to identify any maintenance/rehabilitation conducted on the trial pavements as
this would influence the overall performance of the pavements. Pavement and surface detalil
data was extracted from MRWA'’s corporate Integrated Road Information System (IRIS)
which documents any historic structural changes or major resurfacing works that have been
undertaken.

Pavement detail data for the Tonkin Highway was extracted from the IRIS database on 26
June 2016. This data indicated that all the sections had undergone an application of a two-
coat sprayed seal surfacing with a 14 mm and 7 mm granite aggregates in addition to the
application of a GRS. This seal was applied to Sections 1 to 3 and 6 to 8 in 2011. The
remaining sections were treated in 2013.
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There is no record of prior resurfacing works on these sections. The addition of a GRS at the
2011/2013 reseal works may indicate a high amount of cracking was present and that this
was in fact the first surface maintenance works on the trial sections. In high crack situations,
the GRS is used to stop moisture entry into the lower parts of the pavement profile. This
would infer that the fatigue life of the surfacings at these trials to be in the range of 20 to 30
years and at a cumulative traffic level of approximately 1.0 x 107 to 2.0 x 10" ESAs.

3.5 Traffic Loading

3.5.1 Cumulative Traffic Loading

Tonkin Highway traffic data from 1980 to 2016 was extracted from the MRWA IRIS database
on 23 June 2016. The trial sections fall within the Tonkin Highway traffic section designated
TH16L.

The cumulative number of equivalent standard axles (ESASs) to 2016 were estimated using
the macro-enabled spreadsheet supplied by MRWA, together with the most up-to-date IRIS
data. The yearly ESAs and the cumulative ESAs for the TH16L traffic section for 1980 to
2016 inclusive are presented in Figure 3.5.

Figure 3.5: Yearly ESAs and cumulative ESAs for section TH16L
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Source: Extracted from IRIS database, June 2016.

3.5.2 Design Traffic

The 40 year design traffic loading for the Tonkin Highway trials sections was 1 x 10’ ESAs
(Sharp et. al. 1987). Other data relating to the design traffic, such as assumed growth rate
etc., was not reported or was unavailable. According to the measured traffic data, this design
traffic was surpassed at the end of 1997, or 17 years after construction.
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3.5.3 Predicted Traffic Loading Over 40 Year Design Period

The average annual growth rate for this section between the years 1991 and 2016 was
calculated as 2.8%. The forecast traffic at the end of a 40 year period (2020) was estimated

to be 3.2 x 107 ESAs.

Traffic data was extracted for other sections of the Tonkin Highway which had similar
pavement profiles and thin asphalt surfacings. Figure 3.6 shows the cumulative traffic in
addition to the pavement age. The traffic data for the older pavements between
approximately 5 SLK and 25 SLK has been averaged in Table 3.8. Included is a prediction of
the 40 year cumulative traffic loading which was calculated based on a standard annual

growth rate of 3%.

Figure 3.6: Tonkin Highway - traffic data for entire road length
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Table 3.8:  Tonkin Highway — average traffic data of older sections (5 SLK to 25 SLK)

Carriageway Southbound Northbound
Average pavement age (years) 33 33

Average first year traffic (ESAs) 40x105 3.5x 108
Average cumulative traffic (ESAs) 2.9x107 2.8x107
Predicted 40 year cumulative traffic (ESAs) | 4.0 x 107 4.0x107

The traffic limit specified for the use of Clause 1.2(c) (3 x 10’ ESA) has also been included in
Figure 3.6. With the assumed 3% annual growth rate, the 40 year predicted traffic for the
older sections of the Tonkin Highway exceeded the current limit.
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3.5.4 Initial Traffic Loading

A similar approach was taken to determine the first year traffic statistics. The data for the
Tonkin Highway is shown in Table 3.9. These values were calculated considering both the
southbound and northbound carriageways together in addition to all sections of road, not just
the older sections.

Table 3.9:  Tonkin Highway - first year traffic data of all sections (0 SLK to 44 SLK)

Traffic data HO17
Current pavement age (years) 12-37
Average 1%t year traffic (ESAs) 4.7x105
Lowest 15t year traffic (ESAs) 3.8x 104
Highest 15t year traffic (ESAs) 1.1x 108

3.6 Performance Monitoring
3.6.1 Dynamic Cone Penetrometer Testing of Subgrade

Dynamic cone penetrometer (DCP) testing was undertaken on the subgrade material over a
nine year monitoring period between 1981 and 1990. The tests were conducted via a core
hole drilled through the pavement profile. The results are presented in Table 3.10.

Table 3.10:  Results of Dynamic Cone Penetrometer testing of subgrade

ID Result | Feb-81 | Aug-81 | Mar-82 | Oct-82 | Oct-84 | Oct-86 | Nov-88 | Oct-90

" mmblow | 50 | 91 32 |43 |44 [40 |38 4.1
CBR(%) |50 [25 >50

Ny mmblow |67 | 49 26 |38 |37 [36 [21 |25
CBR(%) |36 >50

o mmblow |56 |40 27 [33 |42 [40 [21  [24
CBR(%) |45 >50

Source: Butkus (1991).

3.6.2 Moisture Content

Long-term monitoring of the moisture content of each of the pavement layers was conducted
from the time the trial sections were constructed in September 1980 through until October
1990. This data is presented in Table 3.11 and Figure 3.7, which also includes the rainfall
data for the three months prior to the sampling date. Data for the samples taken in the 2016
field investigation (discussed further in Section 3.7) have also been included.

It can be seen from Figure 3.7 that there is a downward trend in the moisture content data of
all three sections, indicating that the drainage, even in the cut area of Section T6, is
continuing to perform well. This may also be attributed to the downward trend in annual
average rainfall which would be expected to induce lower groundwater levels, and have a
lesser influence on the pavement performance. All layers follow a similar trend to the rainfall
in the three months prior to sampling; this may demonstrate the effect of moisture ingress
through the unsealed shoulders.
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Table 3.11: Tonkin Highway — moisture content data
Moisture content (%)™
ID | Material
Sep-80 | Feb-81 | Aug-81 | Mar-82 | Oct-82 | Oct-84 | Oct-86 | Nov-88 | Oct-90 | Sep-16(2)
BSL 3.8 4.0 4.2 4.2 4.6 41 4.6 3.2 41 5.2
T2 | Limestone | 5.5 43 57 45 5.1 47 48 45 3.8 53
Sand 5.9 1.6 1.7 21 24 2.0 1.8 1.4 2.0 14
BSL 43 34 - 2.8 3.2 21 21 1.3 1.8 1.6
T4 | Limestone | 6.1 3.7 44 3.8 45 3.3 3.6 3.4 41 3.5
Sand 7.0 15 1.3 1.1 20 12 14 1.2 1.3 0.9
CRB 22 1.6 1.4 12 1.6 1.7 1.6 1.3 1.7 21
T6 | Limestone | 6.5 3.6 4.6 3.9 4.4 4.2 4.4 4.2 3.9 3.8
Sand 74 1.8 3.3 1.6 24 21 26 2.3 3.1 12
Rainfall (mm) ) 458 84 510 39 364 339 367 270 351 375
1 Samples taken between 1.2-2.25 m transverse chainage. Result is from one test per section (Butkus 1991).
2 September 2016 data not included in Figure 3.7.
3 Rainfall is the total of the three months preceding the test date. Data from Gosnells City, station number 9106 (BOM 2013).
Figure 3.7:  Tonkin Highway - results of moisture content monitoring: 1980 to 1990
Tonkin Highway Post Construction Monitoring- Moisture Content
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Source: Butkus (1991) & BOM (2013).

The CRB in Section T6 had the smallest cumulative variation in moisture content over the
initial 10 year monitoring period. This was closely followed by the subgrades in Section T2
and T4. This is probably due to these sections being constructed on top of an embankment.
The largest cumulative variation was seen in the subgrade of Section T6 which is probably
due to this section being located within a cut. The largest single variation (not including the
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change after construction) was also in the subgrade in Section T6 - 1.6 % between August
and March 1981. The average moisture variation between each test date, for all pavement
layers and sections, was approximately 0.5%.

Taking into consideration the results obtained in 2016, the BSL base in Section T2 and the
subgrade in Section T6 show a continuing variation of moisture content. As previously
discussed this is expected in the cut area of Section T6. The variation in Section T2 may be
due to the greater depth of the base layer as this would subsequently reduce the effect of
evaporation.

3.6.3 Deflection and Curvature

A review of all historic deflection and curvature data was undertaken to enable a preliminary
performance analysis of the sections of interest. This included collation of all available data
to date of the trial sections to identify unusual or unexpected trends in the deflection and
curvature progression which may relate to events such as resurfacings or profile alterations,
and also any out-of-the-ordinary performance trends.

The details of the reviewed deflection data for the Tonkin Highway sections are provided in
Table 3.12.

Table 3.12: Tonkin Highway — details of deflection data sources

Test data source Test date Test details Method

Material Report No 91/13 M (Butkus 1991) March 198210 | o iibound, left lane, OWP and IWP BB
October 1990

15 FWD 469/2 (Main Roads Western Australia | December Southbound, left lane, OWP

2016a) 2015 FWD

16 FWD 513/1-16/1 (Main Roads Western September .

Australia 2016b-) 2016 Southbound, left lane & right lane, OWP & IWP

Correction of deflection data

Before 2006, the only deflection data available for the Tonkin and Reid Highway sections
was those measured using a Benkelman Beam (BB). After 2006, Falling Weight
Deflectometer (FWD) testing was used.

To enable a comparison of historic BB data with the more recent FWD deflection data, the
FWD maximum deflection were converted to the equivalent BB maximum deflection.
Figure 6.3 of Austroads (2011) (Figure 3.8) was used to calculate the BB equivalent
deflection from the FWD results.
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Figure 3.8: Deflection standardisation factors
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Source: Figure 6.3 of Austroads (2011).

Similarly to the maximum deflection data, the curvature data obtained from BB testing was
converted to the equivalent FWD curvature using Figure 6.4 of Austroads (2011) (see
Figure 3.9). The curvature is simply the gradient of the deflection bowl; it is calculated using
Equation 1. These converted values were then corrected to correspond to a stress of

700 kPa.

Curv. = D0@700 kPa D200@700 kPa 1
where
Curv. =  curvature of deflection bowl (Do — D20o)
D, = deflection at centre of test corrected to a stress of 700 kPa and 29 °C
Dyyy = deflection at 200 mm from centre of test corrected to a stress of 700 kPa
and 29 °C

Deflection results

A summary of the Tonkin Highway mean deflection data is presented in Table 3.13 . This
data has been corrected from the measurement temperature to the Weighted Mean Annual
Pavement Temperature (WMAPT) (29°C for Perth). Also included is the BB equivalent
deflection calculated from the 2015 and 2016 FWD data. Cumulative ESAs have also been
included. The most recent FWD data for the Tonkin Highway sections is presented in
Appendix A.
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Figure 3.9: Curvature standardisation factors

Curvalure Standardisation Factor

1.10
1.05

1.00
0.95
0.90
0.85
0.80
0.75
0.70
0.65

0.60

el

Benkelman Beam
& deflactograph

40kN FWD

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
Asphalt thickness (mm)

Source: Figure 6.4 of Austroads (2011).

Table 3.13: Tonkin Highway — mean maximum deflection, outer lane, OWP

Maximum deflection (mm)(" BB values
estimated from
Basecourse | Benkelman beam FWD maximum
ID material deflections
Feb | Aug Mar Oct Oct Oct Nov Oct Dec Sep
1981 | 1981 1982 1982 1884 1986 1988 1990 2015 2016
T2 BSL 029 | 0.34 0.32 0.28 0.29 0.28 0.28 0.35 0.28 0.36
T4 BSL 032 | 035 0.30 0.33 0.32 0.37 0.39 0.43 0.30 0.40
T6 CRB 026 | 037 0.26 0.32 0.28 0.30 0.29 0.34 0.29 0.34
Cumulative ESAs (x 10%) | 8.8 13 23 33 44 55 263 276

1

BB and FWD maximum deflection data from outer lane, OWP only.
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Figure 3.10: Tonkin Highway - BB mean maximum deflection, outer lane, OWP
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Curvature Results

Table 3.14 summarises the Tonkin Highway FWD curvature data at a contact stress of

700 kPa and temperature of 29 °C. MRDAS-derived curvature data from BB measurements
was only available for October 1990 and has been corrected to FWD curvatures as per
Figure 3.9. Cumulative ESAs have also been included. The most recent FWD curvature data
for the Tonkin Highway sections is also presented in Appendix A.

Table 3.14:  Tonkin Highway — summary of curvature data, outer lane, OWP

Curvature (mm)(
ID Basecourse material | MRDAS derived from BB measurements | FWD

Oct 1990 Dec 2015 Sep 2016
T2 BSL - 0.08 0.16
T4 BSL 0.03 0.08 0.20
T6 CRB 0.09 0.11 0.15
Cumulative ESAs (x 10°) 8.8 263 276

1 BB and FWD curvature data from left lane, OWP only.
Results of FWD investigation in 2016

The mean deflection and curvature data for the three Tonkin Highway sections of interest
measured during the stage 2 investigation are shown in Table 3.15 and Table 3.16. The
mean values have been calculated as an average over the entire trial section length using
data collected at 5 m test intervals. The raw FWD data from the stage 2 field investigation of
the Tonkin Highway is presented in Appendix A.
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Table 3.15:  Tonkin Highway - stage 2 investigation: mean maximum deflection, southbound lanes

Maximum deflection (mm)
ID Basec.ourse Outer Lane Inner Lane
material
owP BWP BWP owP
T2 BSL 0.38 0.33 0.35 0.34
T4 BSL 0.44 0.33 0.42 0.44
T6 CRB 0.37 0.36 0.33 0.38

Table 3.16:  Tonkin Highway - stage 2 investigation: mean curvature summary, southbound lanes

Curvature (mm)
ID Basec'ourse Outer Lane Inner Lane
material
OwWP BWP BWP owP
T2 BSL 0.16 0.12 0.12 0.10
T4 BSL 0.20 0.09 0.12 0.13
T6 CRB 0.15 0.15 0.13 0.14

Deflection values were typically lower BWP than those in the OWP. Deflection values in the
inner lane OWP were similar to those in the outer lane OWP for all sections while the
curvature values in the inner lane OWP were typically smaller than those in the outer lane
OWP. The outer lane had the highest average differential between the OWP and BWP
deflection and curvature measurements.

Table 3.17:  Tonkin Highway — comparison of 2015 FWD and 2016 FWD data (outer lane, OWP)

D Basecourse Maximum deflection (mm) Curvature (mm)
material 2015 () 2016 2015 (1) 2016
T2 BSL 0.30 0.38 0.08 0.16
T4 BSL 0.34 0.44 0.08 0.20
T6 CRB 0.32 0.37 0.11 0.15

1 2015 FWD data collected at 10 m intervals.

A comparison of the FWD data collected in 2015 with that collected during the stage 2
investigation for the outer lane OWP showed that the deflection and curvature for all sections
increased over the 9 months between the tests.

Trends in deflection and curvature

The curvature data was insufficient to enable a performance trend to be identified. However,
the following three similar phases of performance can be noted from the deflection data from
the Tonkin Highway trial sections independent of the base material:

. Phase 1: before opening to traffic to end of first year:
— deflection tended to increase just above the initial pre-traffic measurement for all
sections
. Phase 2: end of first year to around the end of the fifth year:
— deflection of all sections shows little change compared to the initial pre-traffic
measurements
. Phase 3: end of fifth year to end of ninth year:
— deflection shows continuing increase for all sections and starts to exceed initial
measurement.
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3.6.4 Roughness Data

A comparison of the longitudinal profile (roughness) over the service life of the Tonkin
Highway trial sections was also conducted. The details of the roughness data reviewed is
presented in Table 3.18.

Table 3.18: Tonkin Highway - details of roughness data sources

Test data source Test date Results format

Tonkin Highway Test Sections -

Monitoring Data Report (Butkus 9 test data sets between March 1981 and NAASRA (counts on left, middle and right

1991) July 1989 part of left lane)
August 1998, September 2000, December

IRIS data (extracted on 23 June 2001, November 2002, January 2005, NAASRA lane count

2016) December 2006, December 2007 &

November 2009

NAASRA counts for each trial section for the left, middle and right part of the left lane were
also extracted from IRIS; the three readings were averaged to obtain a single roughness
value for each trial section. The roughness progression of the sections of interest over time
are shown in Figure 3.11. Outlying values have been plotted but have not been included in
the roughness progression trends.

Section T6 showed the lowest roughness counts followed by Section T2 and Section T4
respectively. The rates of roughness progression of Section T2 and Section T6 were similar,
while Section 4 showed a larger increase of roughness over time. All three trial sections
have performed satisfactorily and the roughness is well below the intervention level of

110 counts/km (excluding outlying counts).

Figure 3.11: Tonkin Highway - roughness progression data

Tonkin Highway Roughness Progression

T2- BSL T4- BSL 4 Ts- CRB Outliers
120

110

100

90

[==]
(=)

70

60

50 - 4

NAASRA (counts/km)

40 | |

A A A A
30 T L&

20 A

10

arGb

- 24 - January 2018



Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial

Sections

PRP16072

3.6.5

Rutting Data

Rutting data for the Tonkin Highway sections was extracted from IRIS. It included a mean
value of rutting using a 2 m straight edge for both the IWP and OWP. The average rut
depths for each section are presented in Table 3.19 and Figure 3.12 and Figure 3.13.

The lowest average rutting of approximately 3 mm was in the OWP of Section T4 followed
by Sections T2 and T6 (4 mm). Section T6 had the largest differential of approximately 4 mm
when comparing the OWP and IWP measurements. The rutting in the IWP was consistently
higher than that in the OWP for all sections.

The graphical representation of the rut development over time suggests that the first four
data sets represent outlying results. Thereafter the rutting progression increases for each
section as expected. It is also understood that the automated laser method used for rut
depth measurements changed in 2013 in conjunction with a change in the award of the data
collection contract. This may also explain discrepancies in the data collected in 2012 and

2015.

After the resurfacing of Sections T2 and T6 in 2011, the rut depth in these two sections
decreased with the exception of the OWP in Section T6 which continued to increase.

Table 3.19: Tonkin Highway - average rut value for each section (2 m straight edge)

Section T2 Section T4 Section T6

Testyear | Average OWP | Average IWP Average OWP | Average IWP Average OWP | Average IWP
rut depth (mm) | rut depth (mm) | rut depth (mm) | rut depth (mm) | rut depth (mm) | rut depth (mm)

Feb-99 39 4.7 4.7 6.9 4.2 6.9

Sep-00 33 438 34 73 32 6.5

Dec-06 22 6.8 2.1 42 1.7 9.1

Dec-07 46 54 1.3 3.0 55 8.5

Dec-08 3.0 6.8 15 29 2.1 9.1

Nov-09 5.9 54 16 27 34 79

Nov-12 5.7 46 16 23 49 6.9

Jan-15 46 47 3.3 34 4.6 6.1
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Figure 3.12: Tonkin Highway - rutting data OWP (2 m straight edge)
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Figure 3.13: Tonkin Highway - rutting data IWP (2 m straight edge)
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3.7
3.7.1

A field investigation was undertaken in late September 2016 in order to confirm the
pavement configurations, measure FWD deflections and sample granular and subgrade
materials for laboratory testing.

Field Investigation

Introduction

Field work included the following:

. FWOD testing at 5 m intervals along the southbound carriageway. Testing was
undertaken in both the OWP and BWP of the left lane and in the OWP and BWP of the
right lane. The results are discussed in Section 3.6.3.

. Coring of the asphalt surfacing BWP at 10 m spacings to measure thickness.

. Excavation of a test pit in the OWP at the middle chainage of each test section to
measure base and subbase thicknesses and check the upper basecourse condition.

. Nuclear density and moisture content testing of the base and subbase granular layers.
. Bulk sampling of granular materials and subgrade for laboratory testing.

Photographs from the field investigation are provided in Appendix A.

3.7.2

Mechanical coring of the asphalt layers was undertaken at 10 m intervals along the trial
sections to confirm the current surfacing thickness. The maximum and minimum thickness
for each section of interest is shown in Table 3.20. The test certificates and summary tables
are included in Appendix A.

Asphalt Coring and Profile Measurements

Table 3.20: Tonkin Highway - Thicknesses of asphalt surfacing

D Minimum thickness | Maximum thickness | Mean thickness
(mm) (mm) (mm)

T2 41 78 73

T4 60 91 72

T6 33 45 38

Notes:

= Excludes seal thickness of 10 mm.
= Cores taken from BWP.

Table 3.21 lists the measured base and subbase thicknesses at three test pits located in the

OWP.
Table 3.21: Tonkin Highway - thickness of base and subbase
Mean thickness (mm)
Material
Section T2 Section T4 Section T6
Base 65 60 65
Subbase 250 250 230
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3.7.3

Field Density and Moisture Content

The results of the in situ dry density and moisture content testing are shown in Table 3.2.

Table 3.22: Tonkin Highway - results of dry density and moisture content testing
D Material Moisture content | In situ dry density ratio Mean in situ dry density ratio
(%) (% MMDD) in 2016 (%) (% MMDD) at construction (%)
T2 5.2 101.4 97.2
BSL
T4 1.6 102.5 96.7
T6 CRB 6.1 93.70) 92.8
T2 5.3 99.0 96.7
T4 Limestone @ 35 95.5 94.5
T6 38 98.4 93.1

3.74

1 Poor test surface may affect results.

2 Using combined MDD relationship for Sections T2 & T4.

Laboratory Testing

Details of the laboratory testing undertaken on the bulk samples recovered from the
excavated test pits are shown in Table 3.23. The test certificates and summary tables are
given in Appendix A.

Table 3.23: Tonkin Highway - bulk sample laboratory test schedule

From the results of the testing the following observations were made:

o | Waota | et | wsro | pop | Coppemy | Doty masne | oo | 1 sts ok
Basecourse | BSL v v v v() v v
T2 | Subbase Limestone 4 v v V@ V@ v
Subgrade Sand v v v v v
Basecourse | BSL v v 4 v() v() v
T4 | Subbase Limestone 4 4 v v v
Subgrade Sand v 4 4 v
Basecourse | CRB v v v v v
T6 | Subbase Limestone v v v v v v
Subgrade Sand v v v v v

1 Section 2 and Section 4 BSL sample combined for density moisture curve & CBR.
2 Section 2 and Section 6 limestone combined for density & moisture curve & CBR.

The in situ density of the materials was similar to that at construction with the
exception of the limestone subbase in Section T6 and the BSL base at both T2 and

T4.

The patrticle size distributions (PSD) of the CRB and BSL had become slightly finer

overall.

The PSD of the limestone subbase had become slightly finer in the gravel and sand
portion of the material. The proportions of material below 0.3 mm size had remained

the same.

The CBR of the sand subgrade was 20%.
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4 REID HIGHWAY

4.1 Overview

The nine Reid Highway trial sections are located between West Swan Road and Bennett
Brook Bridge in West Swan. Sections 1 to 3 are located east of Lord Street between
chainages 19 700 and 19 980 m, whilst Sections 4 to 9 are located west of Lord Street
between chainages 18 420 m and 19 000 m. The test sections include a single lane in both
the east and west direction with a posted speed limit of 90 km/h. The start and end
chainages and corresponding lengths of each trial section are shown in Table 4.1. The
granular pavement materials are also shown.

Table 4.1:  Details of trial sections: Reid Highway

i i Materials
Trial section Start chainage End chainage Length (m)
(m) (m) Base Subbase Subgrade
1 19890 19980 90 2% HCTCRB
2 19 800 19 890 90 2% BSL
3 19700 19 800 100 CRB
4 18 880 19000 120 CRB
5 18 790 18 880 90 1% HCTCRB Crushed
o ) White sand
6 18 700 18 790 90 2% HCTCRB limestone
0.75% GGBFS
7 18 600 18 700 100 stabilised CRB
0,
8 18 500 18 600 100 2% GGBFS
stabilised limestone
9 18 420 18 500 80 LIMUD

1 HCTCRB: Hydrate cement-treated crushed rock base.
2 GGBFS: Ground granulated blast furnace slag.

3 LIMUD: Lime putty-stabilised limestone.

Source: Butkus (2004).

Construction of the trial sections was undertaken between October 1995 and April 1996, and
the road was opened to traffic in December 1996 (Butkus 2004). All construction and
laboratory details are included in a series of internal technical Main Roads reports (Butkus
2004). These reports collectively include details such as section chainage, design material
profiles, as-constructed material profiles, basic laboratory analysis of base, subbase and
subgrade materials, construction QA test results and after-construction monitoring data
including the results of Benkelman beam testing.

The thickness of asphalt at each section was not individually reported as the initial surfacing
was a two-coat primerseal. However, the test sections were subsequently surfaced with a
nominal 30 mm thick size 10 mm DGA asphalt for shape correction and opened to traffic in
December 1996. The actual asphalt thickness was noted to vary between 44 mm and

65 mm.

4.2 Sections of Interest

The composition of each section of interest as detailed in the construction report is
presented in Table 4.2. A section identification number was assigned to each section of
interest with a prefix to differentiate between trial locations.
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Table 4.2:  Sections of interest — pavement and profiles: Reid Highway

Identification . Design thickness As cons.tructed
number Layer Material (mm) mean thickness
(mm)
R2 Base 2% BSL 100 13
Subbase Crushed limestone 230 271
Subgrade White sand - -
R3 Base CRB 100 90
Subbase Crushed limestone 230 259
Subgrade White sand - -
R4 Base CRB 200 211
Subbase Crushed limestone 130 133
Subgrade White sand - -

Source: Butkus (2004).

42.1 Subsurface Conditions

The 1:250 000 Environmental Geological Map series produced by the Geological Survey of
Western Australia Pinjarra sheet (Geological Survey of Western Australia 1980) indicates
that the natural subsurface material below the trial pavements was Bassendean sand.

A large geotechnical investigation of the proposed Reid Highway between Beechboro Road
and Great Norther highway was undertaken by MRWA in May 1990 (Lee-Goh & Marchant
1991). A hand auger borehole log located in the location of sections R2 and R3 also
indicated the subsurface material was Bassendean sands to at least a depth of 1 metre.

Hand auger holes in the vicinity of R4 indicated that the subsurface material west of Lord
Street was thin Bassendean sand overlying clayey sands of the Guildford formation at
depths below approximately 1 metre below ground level. The clayey sands had a fines
content over 10%, a liquid limit of over 27% and a plasticity index (PI) of over 15%. The
Linear Shrinkage (LS) also varied from 2% to 5% and the in situ moisture content was high
at 12% to 14%.

422 Climate Data

The annual average rainfall was obtained from the Midland weather station, which is in close
vicinity to the Reid Highway trial sections. Data from five years prior to construction through

to 2016 is presented in Figure 4.1. The plot demonstrates a clear downward trend of annual

average rainfall for this location.

arGb

-30 - January 2018



Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial
Sections PRP16072

Figure 4.1: Reid Highway - historic annual average rainfall data
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Source: BOM (2013).

4.3 Construction Data
43.1 Construction Notes

The top 300 mm of the in situ material was removed, geofabric was placed and an
embankment of sand fill, generally at least 1 m thick, was constructed from imported yellow
non-plastic Bassendean sand. A design subgrade CBR of 12% was assigned to the
embankment material (Butkus 2004).

The subbase material and the limestone for the BSL were sourced from the same quarry in
Neerabup. The CRB was sourced from the Readymix Quarry in Gosnells (Butkus 2004).

The CRB conformed to the MRWA Specification 501 (MRWA 2012a) and was typical of
material used throughout the metro area. The calcium carbonate content of the limestone
used in the BSL in Section R2 was 69.9% which met the minimum specified value of 60%.
The bitumen content of the BSL varied, with an average of approximately 1.9% which did not
guite meet the specification of 2% (Butkus 2004).

4.3.2 Material Properties
Material testing of the granular materials was undertaken prior to construction and the
results were as follows.

Granular materials and subgrade

The material properties of the granular materials and the sand subgrade are shown in
Table 4.3 and Table 4.4.
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Table 4.3:  Reid Highway - Particle Size Distribution - granular materials (CRB)

Sieve size (mm) | % Passing
19 100
13.2 91
9 76
4.75 55
2.36 40
1.18 30
0.6 22
0.425 19
0.3 16
0.15 12
0.075 9
0.0135 5

Source: Butkus (2004).

Table 4.4: Reid Highway —mean values of laboratory testing results — granular materials

Material Material Test Conditions Resilient Mean MDD | Mean OMC
purpose % MDD % OMC | modulus® (MPa) | (t/m?) (%)

2% BSL 96.1 74.0 286 1.85 10.7
Basecourse

CRB 97.4 69.6 186 2.30 5.4
Subbase Crushed limestone | 93.6 80.4 185 1.94 9.8
Subgrade White sand - - - 1.81 12.5

1 RLT testing conducted at 50 kPa confining stress 300 kPa deviator stress after 3000 cycles.
Source: Butkus (2004).

Asphalt

The trial sections were originally surfaced with a two-coat emulsion primerseal with 10 mm
and 5 mm aggregate respectively. No data regarding the asphalt surfacing, which was later
placed for profile correction, was available. The only information provided was that the
asphalt surfacing was a 10 mm DGA which ranged in thickness from 30 mm to 50 mm.

4.3.3 Density Testing
The construction specifications for the minimum dry density ratio and dryback are presented
in Table 4.5. Full material specifications are reported in Appendix B.

The measured in situ dry density and moisture content data are listed in Table 4.6. The
values in bold italics are below the specifications detailed in Table 4.5.

The mean dry density of all the materials in all sections was well above the target density
with the exception of the subbase in Section R3, which was marginally lower than the target.
The dryback in the CRB at Section R4 was close to specification but slightly wet.

Table 4.5:  Reid Highway - density and dryback specifications

ID Material Minimum dry density ratio (% MMDD) | Dryback (% of OMC)
R2 2% BSL 96 85
R3
CRB 98 60
R4
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ID

Material

Minimum dry density ratio (% MMDD)

Dryback (% of OMC)

R2

R3

Limestone subbase

R4

94

Not specified

R2

R3

White sand subgrade

R4

96

Not specified

Source: Butkus 2004.

Table 4.6:  Reid Highway — mean in situ nuclear density and moisture content at construction
Mean dry | Mean moisture | Mean dry Mean moisture
ID Material ::;’t:f :?IE;[;) ((3/N)IC density content density ratio ratio
Y| (tm?) (%) (%) (%)
R2 2% BSL 9 1.85 10.7 1.85 8.8 99.9 82.2
R3 CRB 9 2.30 54 2.34 2.7 101.5 50.0
R4 4 2.31 53 2.31 34 100.0 64.2
R2 . 2 195 95 1.90 2.2 96.8 23.2
R3 Limestone |~ ' ' 183 3.1 93.4 326
subbase
R4 3 1.92 10.1 1.84 8.4 96.1 83.2
R2 White 2 1.81 9.9 1.85 9.6 102.3 97.0
R3 sand 5 1.80 12.1 1.82 55 100.1 452
R4 | Subgrade [g 181 | 130 | 1.81 46 100.2 35.1

Source: Butkus (2004).

4.4

Pavement Maintenance

Pavement detail data for the Reid Highway was extracted from IRIS on 26 June 2016. This
data indicates that the cross-section of Sections 4 to 7 was changed in 2014 as part of the
upgrade and widening of the Reid Highway and Lord Street intersection. These changes
included the removal of the existing asphalt surfacing and approximately 100 mm of the
existing granular basecourse prior to the installation of a full depth asphalt pavement. As
Section R4 was modified, only data prior to 2014 has been considered in this study.

Sections R2 an R3 have not been strengthened or resurfaced since construction in 1996.

4.5
45.1

Traffic Loading

Cumulative Traffic Loading

Westbound Reid Highway traffic data from 1996 to 2016 was extracted from the IRIS
database on 23 June 2016. The westbound trial Sections R2 and R3 fall within the traffic
designation RH18R whilst R4 falls within RH17R.

The cumulative ESAs to 2016 were estimated using the macro-enabled spreadsheet

provided by MRWA in conjunction with the most up-to-date IRIS data. The yearly ESAs and
the cumulative ESAs for the RH17R and RH18R traffic sections for the years 1996 to 2016
inclusive are shown in Figure 4.2.
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Figure 4.2: Reid Highway - Yearly ESAs and cumulative ESAs for Sections RH17R and RH18R
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Source: IRIS database 2016.

4.5.2 Design Traffic

The 40 year design traffic for the Reid Highway trials sections was 3.5 x 10" ESAs

(Butkus 2004). Other data relating to the design traffic such as the assumed growth rate
were not detailed.

45.3 Predicted Traffic Loading Over 40 Year Design Period

An average annual growth rate of the RH18R section between the years 1996 and 2016 was
3.1%. The forecast traffic at the end of a 40 year period in 2036 was estimated to be
2.5x 10" ESAs.

Traffic data was also extracted for other sections of the Reid Highway which have similar
pavement profiles, including thin asphalt surfacings and the cumulative traffic and pavement
age are shown in Figure 4.3. The traffic data for the older pavements, located between
chainages approximately 5 SLK and 20 SLK, are reported in Table 4.7. A prediction of the
40 year cumulative traffic, which was calculated based on a standard 3% annual growth rate,
is also shown in the Table 4.7.
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Figure 4.3: Traffic data: Reid Highway
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Table 4.7:  Reid Highway — Average traffic data - older sections
Traffic data Eastbound Westbound
Average pavement age (years) 25 24
Average 15t year traffic (ESAs) 2.1x10° 2.1x10°
Average cumulative traffic( ESAs) 1.0x 107 9.3x 108
Predicted 40 year cumulative traffic 20x107 20x107
(ESAs)

The traffic limit specified for the use of Clause 1.2(c) (3 x 10" ESA) has also been included in
Figure 4.3. Assuming an annual growth rate of 3%, the 40 year predicted traffic for the older
sections of Reid Highway does not exceed the current limit. However, some of these
pavements are fairly young (eight years) and the prediction of the 40 year traffic may not be
reliable. The data should be reviewed in 10 years time to better predict 40 year traffic.

45.4 Initial Traffic Loading

A similar approach was taken to determine the traffic in the first year. These values, shown
in Table 4.8, were calculated considering both the left and right carriageways together in
addition to all sections of road, not just the older sections.

Table 4.8:  Reid Highway Reid Highway - traffic data in first year, all sections

(chainage SLK to 24 SLK)
Traffic data H021
Current pavement age (years) 8-33
Average 1%t year traffic (ESAs) 2.3x10°
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Traffic data H021
Lowest 15t year traffic (ESAs) 1.5x 104
Highest 15t year traffic (ESAs) 5.0 x 10

4.6  Performance Monitoring
46.1 Clegg Impact Hammer

Testing was undertaken on the surface of the basecourse using the Clegg Impact Hammer
both after construction and before the pavements were opened to traffic. The testing was
conducted before the asphalt surfacing was placed. The results of this testing are shown in
Table 4.9. All of the measured values were above the minimum specified Clegg Impact
Value (CIV) of 45.

Table 4.9:  Results of Clegg Impact Hammer testing —pre-traffic

Clv
Section ID | Material
Jun-96 | Sep-96
R2 BSL 70 63
R3 CRB 56 53
R4 CRB 47 58

Source: Butkus 2004.

46.2 Moisture Content

Long-term monitoring of the moisture content of each of the pavement layers was conducted
from the time of the trial pavements were constructed in June 1996 until November 2003.
This data is presented in Table 4.10 and Figure 4.4; rainfall data for the three months prior to
the sampling date is also provided. Samples taken in the 2016 field investigation (discussed
further in Section 4.7) have also been included.

Table 4.10: Reid Highway - results of moisture content testing

Moisture content (%) (
ID Material
Jun-96 | Sep-96 | May-97 | Oct-97 | Jan-99 | Dec-99 | Nov-03 | Nov-06(2 | Sep-16(3)
BSL 3.9 38 38 3.6 41 4.0 38 43 45
R2 | Limestone 4.6 4.8 4.7 5.0 5.2 53 6.1 - 5.7
Sand - - - - 2.8 2.8 3.4 - 3.6
CRB 22 - 2.7 21 26 21 2.3 25 3.2
R3 | Limestone | 3.4 44 4.0 4.3 46 46 49 - 5.8
Sand - - - - 32 27 29 - 3.3
CRB 3.2 3.2 3.0 2.7 31 2.8 28 2.7 -
R4 | Limestone 4.6 53 4.6 - 41 43 4.1 - -
Sand - - - - 3.0 2.8 25 - -
Rainfall (mm) “) 934 93 568 57 322 72 194 274 259
1 Samples taken at transverse chainage of 2 meters. Result is an average from multiple tests per section from both WB and EB lanes
(Butkus 2004).

2 November 2006 data from Harris & Lockwood (2009).
3 September 2016 data not included in Figure 4.4
4 Rainfallis the total of the three months preceding the test date. Data from Midland, station number 9025 (BOM 2013).

The data in Figure 4.4 indicates that the moisture content in all the layers of the pavements
was reasonably constant. Unlike the Tonkin Highway sections, the Reid Highway pavement
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layers do not seem to follow a similar trend in terms of the total rainfall. This may be due to
the inclusion of geofabric and embankment of sand fill at least 1 m thick underlying the
placed subgrade.

The results for the subgrade in all the sections shows that the variation in moisture content
over the initial seven years of monitoring was small. This indicates that the drainage
conditions are good, and the groundwater is not influencing the performance of the sections.
The largest single variation (not including the change after construction) was in the subbase
in Section R4: 0.7 % between September 1996 and May 1997. The average moisture

variation between each test date, for all pavement layers and sections, was approximately
0.3%.

Figure 4.4: Reid Highway - results of moisture content monitoring — 1996 to 2008

Reid Highway Post Construction Monitoring- Moisture Content
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Source: Butkus (2004), Harris and Lockwood (2009), BOM (2013).

46.3 Deflection and Curvature

A review of all historic deflection and curvature data was undertaken to enable a preliminary
performance analysis of the trial sections. The performance data for Section R4 collected
after 2014 has not been included due to the alteration of the pavement profile.

The details of the reviewed deflection data for the Reid Highway trial sections are shown in
Table 4.11.
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Table 4.11: Reid Highway — Details of deflection data sources

Data source Test date Test details Method
. . October 1996 to Eastbound and westbound lanes, OWP

Materials Report 2009/5 M (Harris & Lockwood 2009) December 2008 & WP BB

06 FWD 46/1 and 51/1 (MRWA 2006) November 2006 Eastbound and westbound lanes, OWP

D00001A (Western Geotechnics Group (WGG) 2007) | March 2007 Eastbound lanes, OWP

07 FWD 79/1 (MRWA 2007) March 2007 Westbound lanes, OWP

08 FWD 190/1 (MRWA 2008) December 2008 FWD

11 FWD 337/1 (MRWA 2011a) November 2011 Eastbound and westbound lanes, OWP

16 FWD 491/3 (MRWA 2016f) June 2016

; S1F7VQ/>D 550/1 and 551/1 (MRWA 2017a & MRWA May 2017 Westbound lane, OWP & IWP

Deflection results

A summary of the mean deflection data in the westbound direction is presented in

Table 4.12 and Table 4.13. No temperature data was available when the BB data was
collected. Table 4.13 includes the BB equivalent deflection calculated from the FWD data
which was corrected from the measurement temperature to the WMAPT (29°C for Perth).
Cumulative ESAs have also been included. The most recent FWD deflection data for the
Reid Highway sections is also presented in Appendix B.

Table 4.12: Reid Highway — Summary of maximum BB deflections, westbound, OWP

D Basecourse Maximum deflection (mm)("

material Oct-96 | Dec-96 | Jun-97 | Nov-97 | Nov-98 | Dec-99 | Sep-00 | Oct-01 | Nov-03
R2 | BSL 0447 | 0410 | 0310 [0391 | 0372 |0359 |0426 | 0431 | 0.380
R3 | CRB 0399 | 0377 |0265 |0444 |0406 | 0390 |0448 | 0412 | 0371
Cumulative ESAs (x 1052 | 0 3.0 6.3 10 14 18 22 30
R4 \ CRB 0544 | 0452 | 0286 | 0402 | 0398 | 0247 |0339 |0336 | 0270
Cumulative ESAs (x 1052 | 0 3.0 59 9.3 13 16 19 23

1 BB maximum deflection data for westbound, OWP.
2 Cumulative ESA values represent the westbound traffic.

Table 4.13: Reid Highway — maximum BB deflections estimated from FWD maximum deflections, westbound,
owpP

D Basecourse BB equivalent maximum deflection (mm)("

material Nov-06 Mar-07 Dec-08 Oct-11 Jun-16 May-17
R2 BSL 0.34 0.34 0.37 0.38 0.45 0.43
R3 CRB 0.34 0.34 0.39 0.40 0.45 043
Cumulative ESAs (x 105)@ | 44 49 54 69 97 100
R4 ‘ CRB 0.22 0.16 0.24 0.30 N/A N/A
Cumulative ESAs (x 105)@ | 36 40 43 54 78 84

1 FWD maximum deflection data for westbound, OWP.
2 Cumulative ESA values represent the westbound traffic.

The deflection data for each of the three sections is presented in Figure 4.5. Discrete data
sets taken in June 1997 and March 2007 were excluded from the graph as they represented
outlying values.
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Figure 4.5: Reid Highway — maximum deflection data, westbound, OWP
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Curvature results

A summary of the Reid Highway curvature data is presented in Table 4.14 and Table 4.15.
The BB curvature data was corrected to 40 kN FWD values as per Figure 3.9. Yearly ESAs
have also been included. The most recent FWD curvature data for the Reid Highway
sections is also presented in Appendix B.

Table 4.14: Reid Highway — FWD curvatures estimated from BB curvatures, westbound, OWP

D Basecourse FWD estimated curvature from BB (mm)(")

material Oct-96 | Dec-96 | Jun-97 | Nov-97 | Nov-98 | Dec-99 | Sep-00 | Oct-01 | Nov-03
R2 | BSL 0108 | 0105 | 0044 | 0097 |0071 | 0083 |0063 |0.064 | 0.091
R3 | CRB 0085 | 0080 | 0035 |008 |0070 |0082 |[0054 |0057 | 0084
Cumulative ESAs (x 105 | 0 3.0 6.3 10 14 18 22 30
R4 \CRB 0430 | 0090 | 0049 |0078 | 0061 |0038 |[0053 |0044 | 0047
Cumulative ESAs (x 1052 | 0 3.0 59 9.3 13 16 19 23

1 BB maximum deflection data for westbound, OWP.
2 Cumulative ESA values represent the westbound traffic.
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Table 4.15: Reid Highway: summary of FWD curvature, westbound, OWP
D Basecourse FWD mean curvature (mm)“’
material Nov- 06 Mar- 07 Dec-08 Oct-11 Jun-16 May-17
R2 | BSL 0.110 0.110 0.129 0.120 0.171 0.156
R3 | CRB 0.120 0.110 0.146 0.130 0.176 0.160
Cumulative ESAs (x 10%)@ | 44 49 54 69 97 100
R4 ‘ CRB 0.070 0.050 0.087 0.090 N/A N/A
Cumulative ESAs (x 10%)@ | 36 40 43 54 78 84

1 FWD curvature for westbound, OWP.
2 Cumulative ESA values represent westbound traffic.

The curvature data for each of the three sections is shown in Figure 4.6. The data from June
1997 and March 2007 was excluded from the graph as these values represented outliers.
Figure 4.6: Reid Highway - curvature data, westbound, OWP
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Results of FWD investigation in 2017

Table 4.16 and Table 4.17 summarise the stage 2 investigation for the two Reid Highway
sections of interest. The mean values have been calculated as an average over the entire
trial section length using data collected at 5 m test intervals. The raw FWD data from the
stage 2 field investigation is presented in Appendix B.

arGb

- 40 - January 2018



Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial

Sections

PRP16072

Table 4.16: Reid Highway stage 2 investigation — summary of mean maximum deflection data

; Basecourse Maximum deflection (mm)
Section ID .
material OWP BWP
R2 BSL 0.46 0.42
R3 CRB 0.46 0.41

: Basecourse Curvature (mm)
Section ID .
material OWP BWP
R2 BSL 0.16 0.14
R3 CRB 0.16 0.14

Table 4.17: Reid Highway stage 2 investigation — summary of mean curvature data

Deflection values were typically lower BWP than those in the loaded OWP. The differences
between the OWP and BWP in both sections were similar.

Table 4.18: Reid Highway - 2016 FWD and 2017 FWD westhbound OWP comparison

) Basecourse Maximum deflection (mm) Curvature (mm)
Section ID .
material 2016 2017 2016 2017
R2 BSL 0.48 0.46 0.17 0.14
R3 CRB 0.48 0.46 0.18 0.14

1 2016 FWD data collected at 10 m intervals.

A comparison of the FWD data collected in the westbound OWP in June 2016 with that
collected during the stage 2 investigation shows that the deflection and curvature decreased

in all sections during the 11 months between testing.

Trends in deflection and curvature data

Similarly to the Tonkin Highway data, discrete performance phases can be noted from the
Reid Highway deflection and curvature data that are independent of the base material, but
dependent on conformance to 3/5th base rule. It is important to note that, while Section R4 is
a conforming section, it has been subject to slightly less traffic compared to Sections R2 and
R3 and this may also contribute to the difference in behaviour.

. Phase 1: pre-traffic to end of first year:

deflection tends to decrease below initial pre-traffic measurement for all sections

curvature decreases below initial pre-traffic measurement for all sections

. Phase 2: end of first year to around end of fifth year:

deflection of Section R4, which conforms to 3/5" rule, continues to decrease

deflection of remaining non-conforming sections (R2 and R3) shows little change

compared to initial pre-traffic measurement

curvature continues to decrease but commences to even out toward the end of
the phase for all sections
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. Phase 3: end of 5" year to end of 15" year:

— deflection slightly decreases for all sections but commences to even out to initial
measurement for non-conforming sections

— curvature slowly increases and reaches initial values for non-conforming sections
. Phase 4: end of 15" year onwards

— deflection continues to slowly increase with the deflection in the conforming
section still below the initial measurement

—  curvature continues to increase for all sections with conforming section still
below the initial measurement.

4.6.4 Roughness

A comparison of the longitudinal profile (roughness) over the service life of the trial sections
was also conducted. All of the roughness data was extracted from IRIS.

Figure 4.7 shows the roughness progression of the sections of interest over time for the
westbound lane. The roughness in the westbound lane has increased in Sections R2 and
R3, with the largest increasing trend over the 11 years of data in Section R2. The
performance of all three trial sections has been satisfactory, with the roughness well below
the intervention level of 110 counts/km.

For both the Tonkin Highway and Reid Highway, the overall roughness and the rate of
roughness increase was typically higher at the sections which had BSL as the base material.

Figure 4.7: Reid Highway roughness progression data westbound lane

Reid Highway Roughness Progression - Westbound Lane

+R2-BSL R3-CRB A R4-CRB
110

100

20

80

70

60

50

NAASRA (counts/km)

40

N‘D

30

20

10

I

Date

9
g
%
“
%,

ha W

arGb

-42- January 2018



Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial

Sections

PRP16072

4.6.5

Rutting

Rutting data for the Reid Highway sections was extracted from IRIS, including a mean value
of rutting using a 2 m straight edge in both the IWP and OWP. This data is presented in
Figure 4.8 and Figure 4.9, whilst the average rut depths for each section are shown in

Table 4.19.
Table 4.19: Reid Highway — average rut value in each section, 2 m straight edge, westbound
Test Section R2 Section R3 Section R4
year Average OWP Average IWP Average OWP Average IWP Average OWP Average IWP
rut depth (mm) | rutdepth (mm) | rut depth (mm) | rutdepth (mm) | rutdepth (mm) | rutdepth (mm)
Oct-00 | 1.5 14 24 1.3 1.6 23
Dec-06 | 1.6 23 1.2 33 15 34
Jan-08 | 16 24 038 35 14 33
Nov-08 | 1.7 1.7 14 25 15 27
Nov-09 | 1.6 1.5 0.8 25 15 24
Nov-10 | 1.3 1.5 14 2.1 14 24
Nov-12 | 2.0 28 1.8 34 0.9 1.9

The rut depth in the IWP was larger than the OWP for all three sections of interest. Section
R2 has the lowest differential of approximately 1 mm between IWP and OWP while both
Sections R3 and R4 have a differential of approximately 1.5 mm. Furthermore, for the six
years between 2006 and 2012, the rut depth in Sections R2 and R3 has increased by
approximately 1 mm in both wheelpaths. Section R4 was the best performing section, with
very little increase in rutting over the data collection period.

Figure 4.8: Reid Highway - rutting in OWP, 2 m straight edge, westbound

Reid Highway Rutting Data - 2m Straight Edge, Westbound, Outer Wheel Path
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Figure 4.9: Reid Highway - rutting in IWP, 2 m straight edge, westbound

Reid Highway Rutting Data - 2m Straight Edge, Westbound, Inner Wheel Path

mR2- BSL mR3 CRB R4- CRB
10

Rut depth (mm)

FITFFF

Oct-00 Jan-038 Nov-08 MNov-09 Nov-10 Mov-12
Test date

4.7  Field Investigation in 2016

In December 2016, a field investigation was undertaken on Sections R2 and R3 in order to
confirm the pavement configurations and to conduct FWD testing and sampling of the
granular and subgrade material for characterisation and other laboratory testing. The results
of the investigation are reported in the following sections of this report.

The field work included the following:

. coring of asphalt surfacing in BWP at the start, middle and end chainages of each
section to confirm thickness

. excavation of a test pit in the OWP at the middle chainage of each test section to
measure base and subbase thicknesses and check the upper basecourse condition.

. nuclear density and moisture content testing of the granular layers

. bulk sampling of granular materials and subgrade for laboratory testing.
Photographs from the field investigation are included in Appendix B.

FWD testing was undertaken in May 2017. Testing was conducted in both the OWP and
BWP at 5 m intervals along the westbound carriageway.

4.7.1 General Observations

There was no sign of major cracking in the surface of Sections R2 and R3. There was also
no sign of cracking or moisture ingress in the CRB and BSL.
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4.7.2 Asphalt Coring and Profile Measurements

Mechanical coring of the asphalt layers was undertaken at three locations along each trail
section to confirm the current surfacing thickness. The maximum and minimum thickness for
each section are shown in Table 4.20. The test certificates and summary tables are included
in Appendix B.

Table 4.20: Reid Highway investigation - thickness of asphalt surfacing

D Minimum thickness Maximum thickness Mean thickness
(mm) (mm) (mm)

R2 45 49 47

R3 39 51 45

Notes:

= Includes seal thickness of 10 mm.

= Cores taken from BWP.

The measured base and subbase thicknesses at two test pits located in the OWP are shown
in Table 4.21.

Table 4.21: Reid Highway investigation: mean thickness of granular layers
Material R2 (mm) R3 (mm)
Base 100 80
Subbase | 325 255

4.7.3 Laboratory Testing

The laboratory tests undertaken on the bulk samples recovered from the excavated test pits
are detailed in Table 4.22. The test certificates and summary tables are provided in

Appendix B.
Table 4.22: Reid Highway investigation — laboratory test schedule of bulk samples
ID Layer Material Moisture PSD DCP
Base BSL 4 4
R2 Subbase Limestone v
Subgrade Sand v v
Base CRB v v
R3 Subbase Limestone 4 4
Subgrade Sand v v

The following observations are offered:

. the in situ density of the materials was similar to the construction values, with the
exception of the CRB in Section R3 which had increased from 2.12 to 2.34 t/m?3

. the PSD of the CRB had become slightly finer in the gravel and sand portion of the
material; however, the proportions of material below 0.3 mm in size had remained the

same

. the CBR of the sand subgrade in Sections R2 and R3 was between 87% and 114%
(inferred from DCP testing).
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5 KWINANA FREEWAY

5.1 Overview

The 15 trial sections on the Kwinana Freeway are located between Paganoni Road and
Lymon Road; they consist of two lanes in the southbound direction with a posted speed limit
of 110 km/h. The start and end chainages and corresponding lengths of each trial section
are shown in Table 5.1. The materials in each section are also shown.

Table 5.1:  Details of Kwinana Freeway trial sections

Trial section Sta|:t End. Length Waterials
chainage (m) | chainage (m) | (m) Base Subbase Subgrade
1 55180 55280 100 2% HCTCRB White sand
2 55280 55380 100 CRB
3 55380 55480 100 CRB
4 55480 55 580 100 Ferricrete
5 55 580 55 680 100 G1 CRB (<37.5 mm)
6 55 680 55780 100 2% HCTCRB GRS®@
7 55780 55880 100 2% HCTCRB
8 55880 55 980 100 2% HCTCRB l(.:”‘s‘hed
imestone | Yellow sand
9 55980 56 080 100 2% HCTCRB
10 56 080 56 180 100 2% HCTCRB
110 56 180 56 280 100 -
12 56 280 56 380 100 BSL
13 56 380 56 480 100 CRC
14 56 480 56 580 100 2% HCTCRB
15() 56 580 56 680 100 -
1 Sectionts 11 and 15 comprise full depth asphalt pavements overlying crushed limestone subbase. No granular base materials
present.

2 HCTCRB GRS: Hydrated cement-treated crushed rock base with a geotextile reinforced seal.
Source: Rehman (2012).

Construction of the trial sections was undertaken in 2009 as part of the New Perth Bunbury
Highway (NPBH) project. Details of the construction and laboratory testing are summarised
in the MRWA construction and pavement performance evaluation report (Rehman 2012).
The road was opened to traffic on 20 September 2009.

5.2 Sections of Interest

Three trial sections were chosen for investigation: namely Sections 2, 3 and 12. Each of
these sections comprised a thin asphalt surfacing (approximately 60 mm thick), a crushed
limestone subbase and a sand subgrade. As per ERN 9 Clause 1.2(c) the base material was
either crushed rock base (CRB) or bitumen-stabilised (2%) limestone (BSL).

The composition of each section as detailed in the construction reports is presented in
Table 5.2. An identification number was assigned to each section with a prefix to differentiate
between trial locations.
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Table 5.2:  Kwinana Freeway - sections of interest and pavement profiles
Identification Laver Material Design Mean as-constructed
number y thickness (mm) | thickness (mm)
OGA 30
Asphalt 65
DGA 30
K2 Base CRB 125 160
Subbase Crushed limestone 255 250
Subgrade Yellow sand - -
OGA 30
Asphalt 65
DGA 30
K3 Base CRB 230 255
Subbase Crushed limestone 150 160
Subgrade Yellow sand - -
OGA 30
Asphalt 64
DGA 30
K12 Base BSL 230 270
Subbase Crushed limestone 150 160
Subgrade Yellow sand - -

Source: Rehman (2012).

521

Subsurface Conditions

The 1:250 000 Environmental Geological Map series produced by the Geological Survey of
Western Australia Pinjarra sheet (Geological Survey of Western Australia 1980) indicates
that the natural subsurface materials below the trial pavements are quartz sands derived

from Tamala limestone.

5.2.2

Climate Data

The annual average rainfall from the Hopelands weather station, which is in close vicinity to
the Kwinana Freeway trial sections, was collated to demonstrate the climatic history during

the in-service life of the pavements. Data from five years prior to construction until 2016 was
obtained (BOM 2013) as presented in Figure 5.1. There is a clear downward trend of annual
average rainfall at this location.
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Figure 5.1: Kwinana Freeway - historic annual average rainfall data
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Source: BOM (2013).

5.3 Construction Data
531 Construction Notes

The subbase material and the limestone for the BSL were sourced from the same quarry in
Spearwood. The CRB was sourced from the Readymix Quarry in Gosnells (Rehman 2012).
The CRB conformed to the MRWA specification and is typical of material used throughout
the metro area. The average calcium carbonate content of the limestone was 82.9% which
met the minimum specified value of 60%. The bitumen content of the BSL varied between
2.1% and 2.3% which did not quite meet the specification of 2.0%-2.2% (Rehman 2012).

5.3.2  Material Properties

The results of testing of the granular materials undertaken before construction are presented
in Table 5.4 and Table 5.5 . Full material specifications were also available and these are
included in Appendix C.
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Table 5.3:  Kwinana Freeway — mean particle size distribution (granular materials)
Sieve size (mm) " Passing
2% BSL CRB Crushed limestone | White sand
105 - - 100 -
75 - - 98 -
53 - - 93 -
37.5 - - 84 -
26.5 - - 7 -
19.0 100 100 4 -
13.2 - 97 - -
9.5 - 71 64 -
6.7 80 - - -
4.75 75 52 57 -
2.36 - 39 51 100
1.18 60 28 - 100
0.6 - 20 78
0.425 - 16 34 45
0.3 31 13 23
0.15 - 10 - 7
0.075 7 8 8 4
0.0135 - - 5 3
Source: Rehman (2012).
Table 5.4:  Kwinana Freeway — mean values of laboratory testing results (granular materials)
Material Material I;Lr]r?:;age I:iq.u id I?Ia.s tic CBR MDD ome
purpose (%) limit (%) | limit (%) | (%) (t/m?) (%)
Basecourse CRB 0.4 - - 270 2.29 53
Subbase Limestone 0 - - 80 1.891 1.7
Subgrade Sand 0 N/O NP 17 1.714 14.0

Source: Rehman (2012).

5.3.3

The RLT testing of the CRB and limestone subbase materials used in the construction of trial
sections was carried out by MRWA at their Materials Engineering Branch (MEB) laboratory.
Further testing was undertaken on the BSL, limestone subbase and sand subgrade material
by ARRB as part of a project conducted under the Western Australia Pavement Asset
Research Centre (WAPARC) (Jameson et al. 2017).

RLT Testing — Granular and Subgrade Materials

The mean normal stresses and octahedral shear stresses used in the testing were 240 kPa
and 120 kPa for the base level materials and 94 kPa and 30 kPa for the subbase level
materials respectively. The stress states for the subbase are indicative of their lower location
in the pavement compared to the basecourse. The sand subgrade was also tested at 83 kPa
mean normal stress and 25 kPa octahedral shear stress.

Testing was carried out on 100 mm and 150 mm samples of the base, subbase and
subgrade materials at the minimum specified conditions as per the specifications (see
Section 5.3). The modulus values were calculated according to the relationships given in
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Austroads (2011). The results are summarised in Table 5.5 while the full data set is included
in Appendix C.

Table 5.5:  Kwinana Freeway — summary of RLT testing of granular and subgrade materials

Material Stress conditions Curing period Mean density Mean moisture Mean modulus
(kPa) (days) ratio at test (%) ratio at test (%) (MPa)
CRBI 94/30 28 99.1 58.9 460
240/120 28 99.1 58.9 705
94130 29 100.2 51.7 414
74 100.3 51.6 529
BSLO Average 100.3 51.7 472
240120 29 100.2 51.7 647
74 100.3 51.6 810
Average 100.3 51.7 729
28 94.3 75.9 451
04/30 180 94.3 74.9 459
365 94.1 72.0 472
730 94.2 73.7 437
) Average 94.2 74.1 455
Limestone(")
28 94.3 75.9 607
240120 180 94.3 74.9 620
365 94.1 72.0 607
730 94.2 73.7 589
Average 94.2 74.1 606
04130 28 100.0 385 926
90 99.7 38.1 913
) Average 99.9 38.3 920
Limestone®@
2401120 28 100.0 385 1202
90 99.7 38.1 1264
Average 99.9 38.3 1233
83/%5 7 96.4 171 379
28 96.6 17.5 317
Average 96.5 17.3 348
04130 7 96.4 17.1 386
Sand@ 28 96.6 17.5 324
Average 96.5 17.3 355
2401120 7 96.4 171 443
28 96.6 17.5 381
Average 96.5 17.3 412

1 Samples tested by MRWA at MEB laboratory (Rehman 2013).
2 Samples tested by ARRB as part of WAPARC project (Jameson et al. 2017).

5.4  Density Testing

The density at construction and dryback specifications are presented in Table 5.6. Full
material specifications are included in Appendix C.
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Table 5.6:  Kwinana Freeway — density and dryback specifications
D Material rMait’i‘l"(‘:/’o"‘M;'n%g)e“s"y Dryback (% of OMC)
K2
K CRB 98 60
K12 2% BSL 96 85
K2
K3 Limestone subbase 94 85
K12
K2
K3 Sand subgrade 96 Not specified
K12

Source: Rehman (2012).

The measured in situ dry density and moisture data obtained for each of the sections of
interest is reported in Table 5.7. There were no values below the density and dryback
specifications detailed in Table 5.6.

Table 5.7: Kwinana Freeway — mean dry density and moisture content at construction

| 'section | N> |mpp |omc | Meandry | Mean Meandry | Mean
Material D of (t/md) (%) density (t/m?) moisture density ratio moisture
tests ° ¥ content (%) | (%) ratio (%)
K2 9 2.31 2.8 100.0 53.0
CRB 2.31 5.2
K3 9 2.30 29 99.6 54.8
2% BSL K12 9 1.89 10.2 1.89 5.2 100.3 51.3
. K2 3 191 13 1.88 3.3 98.7 29.5
Limestone |7y 5 2 ' “ 189 44 98.7 385
subbase
K12 6 1.87 121 1.86 6.0 99.3 50.0
K2 1 1.64 2.6 96.4 21.8
Sand Mg A R T 25 9.4 213
subgrade i i i i
K12 6 1.76 14.5 1.74 4.0 99.2 271

Source: Rehman (2012).

5.5

Pavement Maintenance

It is important to identify any changes to the trial pavements as these changes may have an
influence on the overall performance of the pavements. Pavement and surface detail data
was also extracted from IRIS which documents any historic structural changes or major
resurfacing works that have been undertaken on a pavement.

Pavement detail data was extracted from IRIS on 23 March 2017. This data indicates that
none of the Kwinana Freeway trials have been altered or resurfaced since construction in

2009.

5.6
5.6.1

Traffic Loading

Cumulative Traffic Loading

The southbound Kwinana Freeway traffic data from 2009 to 2016 was also extracted from
the IRIS database. The trial sections fall within the Kwinana Freeway traffic section
designated KF36L.
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The cumulative ESAs were estimated using a macro-enabled spreadsheet supplied by
MRWA, together with the most up-to-date IRIS data. Both the yearly ESAs and the
cumulative ESAs for the KF36L traffic section for the years 2009 to 2016 inclusive are
presented in Figure 5.2.

Figure 5.2: Kwinana Freeway - yearly ESAs and cumulative ESAs (Section KF36L)
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Source: IRIS database (2016).

5.6.2 Design Traffic

The 40 year design traffic for the Kwinana Freeway trial sections was 2.2 x 108 ESAs
(Rehman 2012). Other data relating to the design traffic, such as the assumed growth rate,
was not detailed.

5.6.3 Predicted Traffic Loading Over 40 Year Design Period

The average annual growth rate between the years of 2009 and 2014 for this section of the
Kwinana Freeway was 7.6%. The forecast traffic at the end of a 40 year period (2049) was
estimated to be 1.7 x 10® ESAs.

Data for other sections of the Kwinana Freeway which have similar numbers of lanes,
pavement profiles, thin asphalt surfacings and traffic data was extracted. The cumulative
traffic and pavement age data is shown in Figure 5.3. The average traffic data for the older
pavements between chainages of approximately 10 SLK and 30 SLK are shown in

Table 5.8, including a prediction of the 40 year cumulative traffic which was calculated based
on a standard 3% annual growth rate.
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Figure 5.3: Kwinana Freeway - traffic data for entire road length
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Table 5.8:  Kwinana Freeway - average traffic data of older sections (chainage 10 SLK to 30 SLK)

Carriageway Southbound Westbound
Average pavement age (Years) 27 29

Average 15t year traffic (ESAs) 5.6 x 105 4.1x10°
Average cumulative traffic( ESAs) 3.3x107 2.9x 107
Predicted 40 year cumulative traffic (ESAs) | 6.0 x 107 5.5x107

The traffic limit specified for the use of Clause 1.2(c) (3 x 10’ ESA) has also been included in
Figure 5.3. With the assumed 3% annual growth rate the 40 year predicted traffic for the
older sections of Kwinana Freeway exceed the current limit.

5.6.1 Initial Traffic Loading

A similar approach was taken to determine the first year traffic statistics. Table 5.9 details
this data for the Kwinana Freeway. These values were calculated considering both the
southbound and northbound carriageways in addition to all sections of road, not just the
older sections.

Table 5.9:  Kwinana Freeway - traffic data of all sections, first year (1 SLK to 72 SLK)

Carriageway HO015
Current pavement age (years) 9-43
Average 15t year traffic (ESAs) 6.5x 10°
Lowest 15t year traffic (ESAs) 1.5x 105
Highest 15t year traffic (ESAs) 1.3x 108
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5.7 Performance Monitoring
5.7.1 Deflection and Curvature

A review of all historic deflection and curvature data was undertaken to enable a preliminary
performance analysis of the trial sections. The details of the reviewed deflection data for the
Kwinana Freeway trial sections are given in Table 5.10.

Table 5.10: Kwinana Freeway - details of deflection data collection

Test data source Test date Test details Method
09 FWD 257/1 (MRWA 2009) September 2009 Before traffic, southbound, outer lane, OWP

10 FWD 308/1 9 (MRWA 2010) September 2010

11 FWD 326/1 (MRWA 2011b) March 2011

11 FWD 336/1 (MRWA 2011c) October 2011

12 FWD 371/1 (MRWA 2012b) October 2012

13 FWD 392/1 (MRWA 2013b) October 2013 FWD

: Southbound, outer lane, OWP
14 FWD 405 (MRWA 2014) April 2014

15 FWD 443/1 & 15 FWD 444/1 (MRWA 2015a) | March 2015
15 FWD 461/2 & 15 FWD 462/2 (MRWA 2015b) | October 2015
16 FWD 480/3 (MRWA 2016g) March 2016
16 FWD 517/1-2 (MRWA 2016h) October 2016

Deflection results
The FWD deflection data for the Kwinana Freeway sections is presented in Appendix C.
A summary of the mean deflection data is presented in Table 5.11. The FWD data was

corrected from the temperature at measurement to the WMAPT (29°C for Perth). Cumulative
ESAs have also been included.
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Table 5.11: Kwinana Freeway — summary of maximum deflections, outer lane, OWP
Maximum deflection (mm)
Basecourse
ID material Sep- | Sep- | Mar- | Oct- | Oct- | Oct- | Apr- | Mar- | Oct- | Mar- | Oct-
09 10 1 11 12 13 14 15 15 16 16
K2 CRB 042 0.35 0.33 0.34 0.35 0.35 0.35 0.36 0.36 0.37 0.36
K3 CRB 0.44 0.36 0.34 0.35 0.36 0.36 0.34 0.36 0.36 0.37 0.36
K12 | BSL 0.40 0.31 0.31 0.29 0.31 0.30 0.27 0.26 0.26 0.26 0.27
Cumulative ESAs (x 10%) | 0 10 18 27 36 46 56 68

Figure 5.4: Kwiana Freeway - maximum deflection data, outer lane, OWP

Kwinana Freeway Maximum Deflection Data and Cumulative ESAs
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Curvature results

The FWD curvature data for these sections is presented in Appendix C. A summary of the
curvature data is presented in Table 5.12.

Table 5.12: Kwinana Freeway — summary of FWD curvature data, outer lane, OWP

Curvature (mm)
D Basecourse
material Sep- | Sep- | Mar- | Oct- | Oct- | Oct- | Apr- | Mar- | Oct- | Mar- | Oct-
09 10 " " 12 13 14 15 15 16 16
K2 CRB 016 | 009 |009 |009 |010 |010 |011 |012 |012 |012 |0.10
K3 CRB 015 | 009 |009 |009 |010 |010 |008 |011 |011 |011 |0.10
K12 | BSL 013 | 008 |008 |007 |009 |007 |006 |006 |007 |006 |0.07
Cumulative ESAs (x 10%) | 0 10 18 27 36 46 56 68

Figure 5.5: Kwiana Freeway - curvature data, outer lane, OWP

Kwinana Freeway Curvature Data and Cumulative ESAs
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Trends in deflection and curvature

Similarly to the Tonkin and Reid Highway data, discrete similar phases can be noted from
the Kwinana Freeway deflection and curvature data independent of the base material, but
dependent on conformance to 3/5th base rule.

. Phase 1: pre-traffic to end of first year:
— deflection decreases below initial pre-traffic measurement for all sections
—  curvature decreases below initial pre-traffic measurement for all sections.
. Phase 2: end of first year to around end of fifth year:

— deflection of sections conforming to 3/5'" rule (K3 and K12) continues to show a
decreasing trend
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— deflection of remaining non-conforming section (K2) shows little change

—  curvature continues to decrease but starts to even out toward end of phase for
all sections.

. Phase 3: end of fifth year to end of seventh year (most recent data):
— deflection is steady and still below initial measurement for all sections
— curvature slowly increases but still below initial measurements for all sections.

5.7.2 Roughness Data

Only one standard data set was available for the Kwinana Freeway trial sections; it was
extracted from IRIS. This data is illustrated in Figure 5.6. A second data set which was
collected during the trial of the Traffic Speed Deflectometer (TSD) conducted in late 2016 is
also shown.

The data presented represents the roughness measured pre-traffic and at a pavement age
and a cumulative traffic of approximately seven years and 7.3 x 10° ESAs respectively.
Initially all sections had a similar NAASRA roughness count of between 16 and

20 counts/km. After the seven year period the roughness has increased in all sections with
Section K2 showing the largest increase of approximately 20 counts/km. Sections K3 and
K12 had a similar increase of approximately 4 counts/km. It should be noted that these two
data sets were collected using slightly different methods and therefore the trends shown in
the graph below may not be fully representative of in-service behaviour.

Figure 5.6: Kwinana Freeway - trends in roughness data
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5.7.3 Rutting Data

Rutting data for the Kwinana Freeway sections was extracted from IRIS, including a mean
value of rutting using a 2 m straight edge for both the IWP and the OWP. This data is
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presented in Figure 5.7 and Figure 5.8. Average rut depths for each section are presented in
Table 5.13.

Table 5.13: Kwinana Freeway — average rut value for each section (2 m straight edge)

Test Section K2 Section K3 Section K12

year Average OWP Average IWP Average OWP Average IWP Average OWP Average IWP
rut depth (mm) | rut depth (mm) | rutdepth (mm) | rutdepth (mm) | rutdepth (mm) | rutdepth (mm)

Nov-09 | 2.1 0.9 23 1.0 1.5 23

Nov-10 | 2.8 3.0 3.1 33 23 35

Dec-14 | 1.7 3.7 26 3.7 1.6 47

The data demonstrates that the rut depth in the IWP was larger than the OWP for all three
sections of interest. Section K3 had the lowest differential between the IWP and OWP of
approximately 1 mm while Sections K2 and K12 had slightly higher differentials of
approximately 1.2 and 1.7 mm respectively.

There was very little change in the rutting in the OWP over the five year monitoring period.
Conversely, the rutting in the IWP increased by an average of approximately 2.0 mm
between 2009 and 2010, and 1 mm average between 2010 and 2014 values.

In terms of the IWP data, Section K2 was the best performing section with the lowest rut
depth values. The rutting in Section K3 was very similar to Section K2, but overall slightly
higher. The worst performing section, in terms of rutting, was Section K12; however, the
deflection and curvature values were the lowest of the three sections.

Figure 5.7: Kwinana Freeway - rutting in the OWP (2 m straight edge)
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Figure 5.8: Kwinana Freeway - rutting in the IWP (2 m straight edge)

Kwinana Freeway Rutting Data - 2m Straight Edge, Left Lane, Inner Wheel Path
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6 COMPARISON OF IN-SERVICE AND PREDICTED
PERFORMANCE

6.1 Introduction

To enable a comparison between the actual and predicted performance, the allowable traffic
loadings were calculated using the layer thicknesses measured during the field investigation
and the presumptive modulus values in ERN9 (MRWA 2013a) and AGTPTO02 (Austroads
2012). In order to replicate the original design, the assumptions that are commonly used by
MRWA during the design phase of a pavement were used (see Section 6.2). The design
procedure detailed in AGTPTO02 was used to replicate the original design, not the updated
method outlined in the 2017 version of AGPTO02.

6.2
6.2.1

The allowable traffic loadings, in terms of asphalt fatigue, were predicted in accordance with
ERN9 except that the mean measured layer thicknesses were used rather than the design
thicknesses with allowance for construction tolerances. Appendix D lists the input data,
including the design moduli calculated as per ERNO.

Current Design System
Predicted Allowable Traffic Loading

As per the design requirements of ERN9, a 95% reliability is required for design using the
mechanistic procedure. This level of reliability represents the assumption that 19 out of 20
pavements will exceed the design traffic loading.

Table 6.1:  Predicted allowable traffic loading - original design

Section ID | Design Nominal Allowable traffic | Pavement age at | Mean allowable Pavement age

and base granular surfacing design | loading at 95% allowable traffic loading at mean

material modulus thickness® reliability (ESA)) | loading in (ESA) predicted
(MPa) (mm) relation to asphalt fatigue

asphalt fatigue life

T2 (BSL) 500 60 1.0x 108 2 6.0 x 108 1"

T4 (BSL) 500 30 1.7 x 108 3 1.0 x 107 17

T6 (CRB) 600 30 4.4 x106 8 2.6x107 35

R2 (BSL) 500 30 2.6x108 7 1.6 x 107 3

R3 (CRB) 600 30 6.4 x 108 15 3.8x107 40+

R4 (CRB) 600 30 6.3 x 106 17 3.8x107 40+

K2 (CRB) 600 60 25x106 2 1.5x 107 12

K3 (CRB) 600 60 2.5x 106 2 1.5x 107 12

K12 (BSL) | 500 60 1.5x 10 1 9.0 x 106 8

1 Design granular modulus as per ERN9.
2 Mechanistic analysis includes additional 10 mm construction tolerance as per ERN9 Clause 1.8.

Notes:

= Sections in bold italics indicate conforming 3/5t sections.
= Subgrade design modulus of 120 MPa.

The mean asphalt fatigue life is a better way of comparing the design output with the actual
observed pavement performance. The mean fatigue life can be calculated by multiplying the
95% reliability allowable traffic loading by a factor of 6. Both the 95% reliability allowable
traffic loadings and the mean allowable traffic loadings are shown in Table 6.1, along with
the age of the pavement when the cumulative loading is predicted to exceed the allowable
loading (observed performance).
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Table 6.2 details the ratios of cumulative traffic to date and the predicted mean asphalt
fatigue allowable loading for each section.

Table 6.2:  Ratio of cumulative traffic to date and mean fatigue life

Location Cumulative traffic: end | Section and base | Mean allowable Eaggt:fa%mn:léﬂvfz ttira:f;c
of 2016 (ESAs) material ESAs e 9
T2 (BSL) 6.0 x 108 467
Tonkin Highway 2.8 x107 T4 (BSL) 1.0x 107 2.75
T6 (CRB) 2.6x107 1.06
R2 (BSL) 1.6 x 107 0.64
o 1.0 x107
Reid Highway R3 (CRB) 3.8x 107 0.26
8.0 x108 R4 (CRB) 3.8x107 0.21
K2 (CRB) 1.5x 107 043
Kwinana Freeway | 6.4 x108 K3 (CRB) 1.5x 107 043
K12 (BSL) 9.0 x 108 0.71

With the exception of Tonkin Highway sections, which have all exceeded the calculated
mean fatigue life, the other sections have consumed, in most cases, less than half of the
calculated mean fatigue life. It is therefore not surprising that widespread cracking and
fatigue has not been observed.

6.2.2 Comparison of Predicted and Measured Deflection Bowls

Figure 6.1 and Figure 6.2 show the 95% measured deflection bowls a month before the
Kwinana Freeway was opened to traffic and after the first year of traffic. Also shown are the
predicted bowls using CIRCLY with a reliability level of 95%, ERN9 presumptive moduli, and
as constructed layer thicknesses.

The results suggest that the predicted deflections are considerably higher than the
measured deflections even with a higher subgrade design modulus of 150 MPa.
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Figure 6.1: Comparison of predicted and measured deflection bowls — Kwinana Freeway CRB
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Figure 6.2: Comparison of predicted and measured deflection bowls — Kwinana Freeway BSL
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6.2.3 Design Thickness versus Measured Thickness

As already discussed, the allowable traffic loadings reported in Section 6.2.1 were calculated
using the mean measured layer thicknesses for the granular material combined with the
design thickness for the asphalt surfacing.

Table 6.3 compares the predicted allowable loadings calculated in Section 6.2.1 with those
calculated using mean constructed thicknesses for both granular and asphalt materials. This
analysis underlines the very high sensitivity of asphalt fatigue life to the constructed asphalt
thickness.

Table 6.3:  Predicted allowable loadings: design thickness versus measured thickness

Location Sectiqn and base Allowable ESAs (95% reliability)
material Design thickness Mean constructed thickness
T2 (BSL) 1.0 x 108 1.6 x 108
Tonkin Highway T4 (BSL) 1.7 x 108 2.3x108
T6 (CRB) 4.4 x106 2.0x108
R2 (BSL) 2.6x106 1.5x 108
Reid Highway R3 (CRB) 6.4 x 106 2.9x108
R4 (CRB) 6.3 x 106 3.0x 108
K2 (CRB) 25x106 2.1x108
Kwinana Freeway | K3 (CRB) 2.5x108 2.1x108
K12 (BSL) 1.5x 108 1.2x108

6.3 Back-Calculation of Modulus
6.3.1 Method

A linear elastic analysis program which back calculates layer moduli from deflection
measurements (EFROMD3) was used in conjunction with the results of the most recent
FWD investigation undertaken during the field investigation at both the Tonkin and Reid
Highways. FWD testing was undertaken at 5 m intervals along both the OWP and BWP. The
most recent FWD data from the Kwinana Freeway was also used for back-calculation input.
The Kwinana Freeway FWD testing was undertaken at larger 10 m intervals along both the
OWP and BWP.

Back-calculation of modulus was subsequently undertaken; it considered the as-constructed
thicknesses of each pavement layer in addition to other construction considerations such as
material type, subgrade thickness, embankment data and subsurface conditions. Detailed
documentation regarding the methodology used in the EFROMD3 analyses is presented in
Appendix E along with input data and output of results.

The base and subbase thicknesses were combined and divided into five equal sublayers as
per the mechanistic procedure in Austroads 2012. As the Tonkin Highway sections had a
very thin base, EFROMD3 analyses were also undertaken where the base and subbase
were modelled separately and the subbase divided into five equal sublayers. Comparison of
the EFROMD3 output demonstrated very similar results for both methods.

Due to the modification of the Reid Highway intersection in 2014, Section R4 was not
included in the most recent field investigation and therefore back-calculation could not be
undertaken. However, Section R4 has been included in the modulus timeline investigation
discussed in Section 6.3.3.
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It is important to note that Sections K3 and K12 of the Kwinana Freeway and Section R4 of
the Reid Highway represent pavement systems which have a granular profile which
conforms to the ERN9 3/5™ rule. For these pavements, the ERN9 subbase design stresses
(MRWA 2013a) are applicable for moduli determined from RLT testing. All remaining
sections do not conform to this rule and the subbase was closer to the surface. In such
cases, the ERN9 subbase design stresses underestimate the moduli of the limestone
subbase.

6.3.2 Results

Representative layer moduli obtained from analysing the back-calculated moduli are
presented in Table 6.4, Table 6.5 and Table 6.6. The values chosen to calculate these
representative moduli were those at test chainages with high deflections/curvatures and low
back-calculation errors, a method which is detailed in AGPTO05, Appendix E (Austroads
2011). The equivalent stiffness method (Odemark 1949) was used to calculate the discrete
base and subbase moduli from the values estimated for the five sublayers.

Table 6.4: Representative back-calculated modulus, southbound lane: Tonkin Highway

Thickness of Back-calculated modulus (MPa)
Section | Base Location .
surfacing (mm) Asphalt | Base Limestone | Subgrade
75 5000 510 360 280
owp 88 8080 500 340 280
Average 505 350 280
T2 BSL
75 4520 620 520 280
BWP 88 2870 830 500 300
Average 725 510 290
65 7490 1050 430 180
owp 101 3150 880 410 190
Average 965 420 185
T4 BSL
65 9450 1150 520 170
BWP 101 6150 600 530 180
Average 875 525 175
43 9800 660 430 190
owp 55 7820 590 330 185
Average 625 380 190
T6 CRB
43 8220 830 324 210
BWP 55 6680 675 370 210
Average 750 350 210
Table 6.5:  Representative back-calculated modulus, westbound lane: Reid Highway
. . Thickness of Back-calculated modulus (MPa)
Section | Base | Location .
surfacing (mm) Asphalt | Base Limestone Subgrade
45 10 300 480 270 220
Oowp 49 9150 420 280 220
Average 450 275 220
R2 BSL
45 11235 710 230 225
BWP 49 10180 650 230 225
Average 680 230 225
39 14 430 730 290 220
R3 CRB OowpP
51 9480 470 250 220
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. . Thickness of Back-calculated modulus (MPa)
Section | Base | Location . -

surfacing (mm) Asphalt | Base Limestone Subgrade
Average 570 255 220
39 13 350 800 270 220

BWP 51 10 095 620 240 220
Average 710 255 220

Table 6.6:  Representative back-calculated modulus, southbound lane: Kwinana Freeway

Thickness of Back-calculated modulus (MPa)
Section | Base | Location .
surfacing (mm) Asphalt | Base Limestone | Subgrade
K2 CRB 65 8510 450 200 250
K3 CRB owp 65 7480 400 160 310
K12 BSL 64 5200 870 490 220

The moduli of the sand subgrade exceeded 150 MPa and were well in excess of the ERN9
design modulus of 120 MPa. The white sand subgrade at both the Tonkin and Reid
Highways had an average moduli of approximately 220 MPa whilst the yellow sand at the
Kwinana Freeway was typically higher at approximately 240 MPa.

The back-calculated moduli of the granular materials at Tonkin and Reid Highway were also
typically greater than the presumptive design values given by ERN9 and Austroads (see
Table 2.1). The moduli of the BSL and CRB were both typically around 700 MPa with the
highest values of each in the range of 1,000 MPa and 800 MPa respectively. The limestone
was typically around 350 MPa with the highest values reaching 500 MPa.

The limited back-calculation results from the Kwinana Freeway produced lower moduli for
the CRB and limestone materials. The BSL moduli was higher than the design value at
approximately 870 MPa, which is similar to the results from the Tonkin and Reid Highways.
The Kwinana Freeway FWD data used for back-calculation was collected at a much earlier
stage of the pavement in-service life and subsequently at a significantly lower cumulative
traffic level. This may explain the lower values produced by EFROMD3.

These results suggest that there is potential to improve the ERN9 design method as
discussed in Section 7, and also suggests that granular pavement materials exhibit a short-
term and long-term strength based on pavement age and cumulative traffic loading.

6.3.3  Variation of Modulus with Time/Loading

Granular pavement materials may undergo a shakedown period when exposed to repeated
cyclic loads. Additionally some materials may cure with time in situ. To assess the variation
in modulus with time/loading, back-calculation using the same methodology as that in
Appendix E, was undertaken using historic FWD data collected at the Kwinana Freeway and
Reid Highway sections. The Tonkin Highway was not considered for this part of the study
due to the lack of historic FWD data sets. For the Reid Highway sections, the largest
measured surfacing thickness was chosen for timeline analysis as this represented the worst
case.

Kwinana Freeway

The FWD results from the OWP of the Kwinana Freeway trial sections from pre-traffic in
2009 through to 2016 were analysed. Data from 2014 was omitted as it was taken outside of
September/October collection months and may have a seasonal variation element. The

arGb

- 65 - January 2018



Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial
Sections PRP16072

development of modulus with increased time/loading is shown in Figure 6.3,

Kwinana Freeway Mean Base Modulus Timeline
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Figure 6.4 and Figure 6.5. For all materials an increase in modulus can be seen between the
2009 data taken a few days before opening to traffic and September 2010, a year later.
Similarly to the deflection and curvature data, the modulus timeline at the Kwinana Freeway
trials demonstrated three similar phases of performance:

. Phase 1: pre-traffic to end of the first year:

— modulus of all granular material increases, with the K12 BSL and subbase
materials having the largest increase

. Phase 2: end of the first year to around the end of the fifth year:

— modulus of BSL continues to increase but starts to even off toward the end of the
phase

— modulus of the CRB in Sections K2 and K3 drops to value below the initial pre-
traffic strength

— modulus of the limestone subbase increases in all sections

. Phase 3: end of the fifth year to the end of the seventh year (most recent data)
— modulus of all bases continues to increase
— modulus of subbase continues to increase.

The subgrade moduli for all sections showed small variability with an overall slight increase
with loading.
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Figure 6.3:
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Figure 6.4: Development of mean subbase modulus with time/ loading: Kwinana Freeway
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Figure 6.5: Development of mean subgrade modulus with time/loading: Kwinana Freeway

Kwinana Freeway Mean Subgrade Modulus Timeline
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Reid Highway

The FWD results in the OWP of the Reid Highway trial sections from 2006, 2007, 2008,
2011, 2016 and 2017 were analysed. Data from 2007 was omitted for Section R3 and R4
due to data discrepancies. Collection months of the data vary, with measurements in 2006,
2008 and 2011 taken in November to December, and the remaining taken in March to May.
This variation may cause seasonal variations in the data. The 2017 data was collected at

10 m spacings to better match the historic data sets. Section R4 only includes data collected
in 2006, 2007, 2008 and 2011 due to the maodifications of the section in 2014.

The variation in mean moduli with time/loading is shown in Figure 6.6, Figure 6.7 and
Figure 6.8.

The earliest FWD data set used for the timeline modelling was 2006 which represents a
pavement age of 10 years, or toward the end of the long-term strength profile. The fact that
there was no pre-traffic modulus data made it difficult to set the short-term modulus value
and therefore assess the two design phases. However, if the RLT modulus results (see
Table 4.4) are used as a rough indication of the initial pre-traffic modulus, it may be inferred
that the long-term moduli are greater than the initial values. All sections showed minor
variability in subgrade modulus.

arGb

- 68 - January 2018



Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial

Sections PRP16072
Figure 6.6: Development of mean base modulus with time/loading: Reid Highway
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Figure 6.7: Development of mean base modulus with time/loading: Reid Highway
Reid Highway Mean Subbase Modulus Timeline
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Figure 6.8: Development of mean subgrade modulus with increased loading: Reid Highway
Reid Highway Mean Subgrade Modulus Timeline
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6.4 Summary

From the analysis and review of the trial section pavements, the following observations
regarding the current use of the mechanistic procedure for thin surfacings can be made:

. In terms of the in-service performance of discrete sections (Table 6.2):

Tonkin Highway BSL, Section T2, which has an inferred fatigue life of at least
20 years: the predicted mean fatigue life is likely an underestimate of the
observed performance.

Tonkin Highway BSL, Section T4, which has an inferred fatigue life of at least
20 years: the predicted mean fatigue life is likely an underestimate of the
observed performance.

Tonkin Highway CRB, Section T6, which has an inferred fatigue life of at least
20 years: the predicted mean fatigue life is consistent with the observed
performance.

Both Reid Highway Sections R2 (BSL) and R3 (CRB), which are yet to be
resurfaced and are showing no signs of surfacing fatigue: this is consistent with
the predicted mean fatigue lives.

Kwinana Freeway CRB Sections K2 and K3, which are yet to be resurfaced and
are showing no signs of surfacing fatigue: this is consistent with the predicted
mean fatigue; and

According to Table 6.1, the cumulative traffic for BSL Section K12 in 2015 was
equal the predicted mean fatigue life. As this section remains crack free, this
adds to the case that the current ERN9 design methods underestimate thin
asphalt fatigue lives of Perth BSL pavements.
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Considering the deflection and curvature trends:

—  Within the standard thin asphalt fatigue design period of 15 years, there are
three similar phases of performance behaviour:

o Phase 1 (pre-traffic to end of 1% year): pavement system strengthens with the
application of the first year of traffic. The initial pre-traffic strength represents
the worst case design scenario for this phase.

o Phase 2 (end of first year to around end of fifth year): pavement systems
continue to strengthen and eventually even out.

o Phase 3 (end of fifth year to end of fifteenth year): pavements continue to
strengthen.

— Beyond the standard 15 year fatigue design period pavement systems show a
continuing decrease in strength.

Considering the back-calculated moduli results:

—  The CRB modulus tends to stabilise with time while the BSL and limestone
continue to show a slow increase in strength. This may be attributable to the
bitumen in the BSL and the calcium carbonate in the limestone allowing the
material to gain a small amount of tensile strength.

—  The subgrade modulus does not change much over the in-service life of the
pavement given the overlying granular is performing satisfactorily.

All of these observations suggest that:

The design modulus for the BSL could be increased based on:

o In-service observations in which BSL has demonstrated equal or better
performance to the CRB

o EFROMDS3 back analysis and measured FWD deflection bowls
o ongoing good performance of trial sections.
The design modulus for the CRB could be increased based on:
o the results of RLT testing conducted at base confinement stress levels
o EFROMDS3 back-analysis and measured FWD deflection bowls
o ongoing good performance of the trial sections.
The design modulus of the limestone subbase could be increased based on:

o the results of RLT testing conducted at subbase confinement stress levels in
addition to the outcomes of the finite element pavement design modelling
project (Jameson et al. 2017)

o EFROMD3 back-analysis
o ongoing good performance of trial sections

The design moduli for the sand subgrades could be increased based on:
o various CBR results, both current and historic

o the results of RLT testing conducted at various confinement stress levels in
addition to the outcomes of the finite element pavement design modelling
project (Jameson et al. 2017)

o EFROMD3 back analysis and measured FWD deflection bowls
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o ongoing good performance of trial sections.

A short-term (first year) and long-term (15 years) strength phase has been identified
which may be modelled in two stages:

—  The short-term asphalt fatigue can be modelled using the current mechanistic
procedure and current granular design moduli as this represents a conservative
method to model the most detrimental loading period.

—  The long-term asphalt fatigue may be modelled using the same procedure but
with a change in the characterisation of the granular base and subbase layers.
This change in the characterisation would ensure that the model can better
recognise the higher strength and contribution of the limestone subbase layer.
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7 SUMMARY AND RECOMMENDATIONS

This collation and review of nine MRWA trial sections has enabled observations of the
current ERN9 design method to be made in addition to exploring the mechanisms behind the
ongoing better-than-expected performance of these sections. These observations have been
based on three separate trial locations with varying traffic levels, climatic characteristics,
subsurface geology, pavement material sources, year of construction, and specification
conformance. All have shown similar performance trends throughout their in-service life.

Fatigue cracking of the thin asphalt surfacing has not been observed at either the Tonkin
Highway, Reid Highway or Kwinana Freeway trial sites. For each trial section, the cumulative
traffic loading to date was compared to the predicted allowable traffic loading. The predicted
lives were the mean asphalt fatigue lives rather than the lives with 95% reliability commonly
used in design. The mean fatigue life is approximately six times the 95% fatigue life. The
predicted mean or best estimate of the allowable loading is most suitable for comparison
against the observed performance.

It was determined that, for all but three trial sections, the cumulative traffic loadings were
less than the mean predicted fatigue lives.

In situ base, subbase and subgrade moduli were back-calculated from measured surface
deflections. The moduli of the sand subgrade exceeded 150 MPa and were well in excess of
the ERN9 design modulus of 120 MPa. In addition, the moduli of the limestone subbase
were greater than 250 MPa. These findings are supported by the outcomes of a Finite
Element Pavement Design Model study (Jameson et al. 2017) in which layer moduli were
estimated from the laboratory testing of samples from the Kwinana Freeway trials. A new
method of elastic characterisation is needed to more appropriately reflect the structural
contribution of the sand subgrade/limestone subbase to the fatigue performance of thin
asphalt surfacings. Such a change to the elastic characterisation may enable the restoration
of a 15 year design traffic loading for thin asphalt fatigue across all traffic loadings.

Deflection and curvature testing has also demonstrated similar performance phases
throughout the in-service life of the pavements. These apparent phases could be the basis of
a revised design methodology which considers both a short- and long-term design, with a
first year traffic limit and annual average growth rate.

The 40 year predicted traffic levels at the Tonkin and Reid highway were calculated to be
3.2 x 107 and 2.8 x 107 ESAs respectively. These traffic levels are close to the current
specified limit of 3.0 x 107 ESAs for Clause 1.2(c) and therefore do not warrant an increase
in this traffic criteria.

The 40 year predicted traffic level at the Kwinana Freeway trials was calculated to be

1.7 x 108 ESAs but these pavements are only seven years old. Ongoing monitoring of these
sections should be undertaken to ensure performance trends continue as expected and may
warrant an increase in the traffic criteria.

Further investigation of these observations through the analysis of other sections of road
with available performance data should be undertaken as the data available through this
project is not considered to be enough to warrant immediate changes to the current method
for determining the fatigue life of thin asphalt surfacings. Sections which were not
constructed as part of pavement trials may also provide vital insight into the applicability of
these observations in conjunction with pavements constructed to a more representative,
standard quality level.
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It is recommended that MRWA consider the findings presented in this report in relation to the
revision of the ERN9 design procedures for thin asphalt-surfaced granular pavements.
These findings, together with those of the WAPARC Finite Element Pavement Model project,
would enable consideration to be given to:

whether there is sufficient evidence to amend ERN9 to provide higher predicted
asphalt fatigue across all design traffic loading; this may enable the current 5 year
design period for less heavily-trafficked roads to be eliminated

developing amendments to the Austroads design methods which better reflect the
structural contribution of crushed limestone subbase

refining the presumptive sand subgrade moduli to reflect varying qualities available in
Perth.

To allow further investigation of the above recommendations, historic performance and
observational data, similar to that used in this report, for various Perth metropolitan granular
pavements with thin asphalt surfacings, will be required. Examples of the type of data
required include (but are not limited to) the following:

Design documentation and original design assumptions

Subsurface conditions and climatic data

Construction reports and corresponding as constructed pavement data
Pavement material laboratory test data

Pavement maintenance and resurfacing history

Measured traffic data

Historic and current FWD data

Other condition data such as roughness, rutting, cracking etc.

It is suggested that identification and collation of this data, where available, be undertaken
as a preliminary task to ensure further investigation will be supported by sufficient data and
evidence.
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APPENDIX A

TONKIN HIGHWAY DATA

A.1 Historic Performance Data

Table A 1: Benkelmen Beam deflection results

Testdate | TrialID | Deflection, OWP (mm) | Deflection, IWP (mm) | Mean deflection, combined wheel paths (mm)
Feb-81 T2 0.273 0.291 0.282
T4 0.296 0.316 0.306
T6 0.265 0.256 0.260
Aug-81 T2 0.353 0.338 0.346
T4 0.402 0.347 0.374
T6 0.358 0.369 0.363
Mar-92 T2 0.220 0.320 0.270
T4 0.256 0.30 0.278
T6 0.289 0.256 0.272
Oct-82 T2 0.338 0.275 0.308
T4 0.380 0.333 0.357
T6 0.351 0.316 0.333
Oct-84 T2 0.283 0.293 0.289
T4 0.354 0.324 0.337
T6 0.267 0.277 0.271
Oct-86 T2 0.303 0.278 0.289
T4 0.376 0.369 0.372
T6 0.298 0.304 0.301
Notes:

= OWP- Outer wheel path

= |WP- Inner wheel path
Source: Butkus 1991
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Table A 2: Falling weight deflectometer, 2015 Report No. 15 FWD 469/2 (MRWA 2016a)
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Table A 3: Average rut depth
Test date Trial ID Chainage Chainage 3 m straight edge rut (mm) 2 m straight edge rut (mm)
start (km) end (km) OowWP IWP owP WP
21.60 21.62 32 38 3.2 3.7
21.62 21.64 53 44 5.3 44
21.64 21.66 3.5 5.6 35 5.6
2 21.66 21,68 38 4.1 3.8 4.1
21.68 21.70 3.6 5.2 3.5 5.1
21.70 2172 4.0 5.2 40 5.2
21.84 21.86 5.6 9.0 46 76
Feb.90 21.86 21.88 6.5 12.0 44 9.5
T4 21.88 21.90 43 7.3 3.5 6.2
21.90 21.92 6.5 6.7 5.6 5.2
21.92 21.94 7.8 9.5 55 6.0
22.04 22.06 5.7 9.6 5.1 8.9
22.06 22.08 4.0 7.7 3.8 7.6
T6 22.08 2210 3.8 5.8 3.8 5.8
2210 2212 3.9 6.4 3.9 6.4
2212 2214 43 5.9 4.3 5.9
21.60 21.62 32 5.0 3.2 5.0
21.62 21.64 3.0 5.7 29 5.6
21.64 21.66 26 5.3 24 5.1
2 21.66 21.68 3.0 55 28 5.1
21.68 21.70 3.6 4.7 3.4 45
21.70 21.72 49 3.7 48 3.7
21.84 21.86 6.3 12.2 29 9.3
Sep-00 21.86 21.88 6.5 12.3 26 8.9
T4 21.88 21.90 3.8 7.6 24 6.0
21.90 21.92 6.6 8.5 41 5.7
21.92 21.94 8.5 10.4 5.1 6.4
22.04 22.06 5.1 10.5 38 9.0
22,06 22.08 3.1 6.2 29 6.0
T6 22.08 2210 3.3 5.5 3.3 5.5
2210 2212 3.1 6.1 3.1 6.1
2212 2214 28 5.9 28 5.9
21.60 21.62 0.9 5.0 0.9 5.0
21.62 21.64 24 6.9 24 6.8
Dec.06 - 21.64 21.66 2.7 8.0 2.7 7.9
21.66 21.68 25 7.2 25 7.1
21.68 21.70 22 7.0 22 6.8
21.70 21.72 26 74 26 7.3
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Test date Trial ID Chainage Chainage 3 m straight edge rut (mm) 2 m straight edge rut (mm)
start (km) end (km) OowWP Iwp owP Iwp
Cont... 21.84 21.86 28 9.3 27 8.2
21.86 21.88 43 4.0 3.3 3.2
T4 21.88 21.90 2.3 3.7 20 3.0
21.90 21.92 1.6 3.9 1.6 3.5
21.92 21.94 1.1 3.2 1.1 3.1
22.04 22.06 1.1 6.7 1.1 6.4
22.06 22,08 1.8 12.5 1.8 1.7
T6 22.08 2210 1.8 9.9 1.8 9.8
2210 2212 1.9 8.1 1.9 8.1
2212 2214 20 96 20 9.5
2161 21,63 5.1 7.3 5.1 73
21.63 21.65 34 7.2 34 7.2
21,65 21.67 4.0 44 4.0 43
2 2167 21.69 45 44 45 44
21.69 21.71 55 44 5.5 44
21.71 2173 54 47 53 47
21.85 21.87 22 3.7 20 3.1
21.87 21.89 1.5 3.1 1.5 3.1
Dec-07
T4 21.89 21.91 1.1 28 1.1 28
21.91 21.93 0.9 34 0.9 3.3
21.93 21.95 12 29 1.2 28
22,05 22,07 47 8.6 47 8.5
22,07 22.09 59 74 5.9 74
T6 22.09 2211 6.5 8.7 6.5 8.7
22.11 2213 52 78 52 78
2213 2215 5.1 10.1 5.1 10.1
2161 21,63 2.7 9.3 27 9.2
21.63 21.65 2.7 5.9 27 5.8
21.65 21.67 21 55 21 53
2 2167 21.69 26 6.1 26 6.1
21.69 21.71 4.5 6.7 4.5 6.7
21.71 2173 31 8.2 3.1 79
Dec-08 21.85 21.87 1.8 34 1.8 3.2
2187 21.89 1.5 3.7 1.5 35
T4 21.89 21.91 14 3.1 14 3.1
21.91 21.93 1.1 27 1.1 26
21.93 21.95 1.7 22 1.6 2
22,05 22,07 2.7 8.2 27 8.2
T6 22,07 22.09 2.3 9.1 23 9.0
ob
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Test date Trial ID Chainage Chainage 3 m straight edge rut (mm) 2 m straight edge rut (mm)
start (km) end (km) OowWP Iwp owP Iwp
Cont... Cont... 22.09 22.11 20 8.8 20 8.8
2211 2213 1.8 9.5 1.8 9.5
2213 2215 1.5 10.0 1.5 10
21.61 21.63 78 78 78 1.7
21.63 21.65 4.9 79 49 78
21,65 2167 42 4.0 42 4.0
2 2167 21.69 44 42 44 42
21.69 21.1 6.4 3.8 6.4 3.8
2171 2173 79 46 79 46
21.85 21.87 2.8 3.0 24 26
Nov.09 21.87 21.89 1.8 27 1.8 27
T4 21.89 21.91 1.3 24 1.3 24
2191 21.93 1.3 3.2 1.3 3.2
21.93 21.95 14 25 14 25
22,05 22,07 2.8 94 28 94
22.07 22.09 28 7.1 28 7.1
T6 22.09 22.11 4.1 6.4 4.1 6.4
2211 2213 34 7.7 34 7.7
2213 2215 3.7 9.1 3.7 9.1
21.60 21.62 - 6.2 53
21,62 21.64 - 5.8 5.9
2164 21.66 - 5.8 6.1
T2
21.66 21.68 - 48 3.2
21.68 21.70 - 5.8 3.5
2170 2172 - 56 3.8
2184 21.86 - 3.1 24
21.86 21.88 - 1.6 1.9
Now12 T4 21.88 21.90 - 1.1 20
21.90 21.92 - 0.9 24
21.92 21.94 - 1.3 27
22,04 22.06 - 55 8.2
22.06 22.08 - 4.6 6.5
T6 22.08 22.10 - 4.9 6
2210 2212 - 4.7 6.4
2212 2214 - 4.7 7.2
21.60 21.62 - 4.0 55
Jand5 T 21.62 21.64 - 45 6.4
2164 21.66 - 54 6.3
21.66 21.68 - 4.9 29
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Test date Trial ID Chainage Chainage 3 m straight edge rut (mm) 2 m straight edge rut (mm)
start (km) end (km) OowWP IWP owP WP
Cont... Cont... 21,68 21.70 47 34
21.70 21.72 4.0 35
21.84 21.86 3.7 3.0
21.86 21.88 35 3.8
T4 21.88 21.90 3.2 42
21.90 21.92 33 29
21.92 21.94 27 29
22.04 22.06 4.7 79
22.06 22.08 3.8 53
T6 22.08 22.10 45 438
22.10 22.12 55 6.5
22.12 22.14 44 6.2
Notes:
= OWP- Outer wheel path
= |WP- Inner wheel path
Source: IRIS 26/6/16
Table A 4: NAASRA road roughness meter results
Test . Test Speed NAASRA Counts/km
date Trial D (km/h) Left lane Centre lane Right lane Mean value
T2 50 34 34 40 36
Mar-81 | T4 50 31 31 31 31
T6 50 23 15 23 20
T2 50 27 27 34 29
Jun-81 | T4 50 31 31 31 31
T6 50 15 15 23 18
T2 70 44 36 36 39
Nov-82 | T4 70 47 47 47 47
T6 70 25 25 21 24
T2 80 44 47 44 45
Jul-83 | T4 80 50 54 54 53
T6 80 33 33 28 31
T2 70 48 48 48 48
Jan-84 | T4 70 51 55 43 50
T6 70 30 34 30 31
T2 80 47 47 71 55
Jul-84 | T4 80 50 54 50 51
T6 80 26 26 31 28
T2 70 54 47 47 49
Jan-85 | T4 70 53 57 49 53
T6 70 28 28 28 28
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Test . Test Speed NAASRA Counts/km
date | TnellD (km/h) Left lane Centre lane Right lane Mean value
T2 50 41 34 41 39
Apr-85 | T4 50 38 35 38 37
T6 50 23 31 31 28
T2 70 44 44 60 49
Feb-86 | T4 70 43 48 48 46
T6 70 33 33 28 31
T2 70 52 52 56 53
Sep-86 | T4 70 63 68 58 63
T6 70 34 34 29 32
T2 80 66 41 64 57
Jan-87 | T4 80 69 52 48 56
T6 80 39 18 22 26
T2 80 48 48 55 50
Jul-87 | T4 80 55 55 59 56
T6 80 31 27 23 27
T2 80 62 58 50 57
Dec-88 | T4 80 83 78 68 76
T6 80 44 44 29 39
T2 80 54 54 50 53
Jul-89 | T4 80 64 72 67 68
T6 80 40 35 30 35
T2 - - 63
Aug-98 | T4 - - 75
T6 - - 69
T2 - - 63
Sep-00 | T4 - - 74
T6 - - 66
T2 - - 47
Dec-01 | T4 - - 26
T6 - - 115
T2 - - 45
Nov-02 | T4 - - 26
T6 - - 115
T2 - - 38
Jan-05 | T4 - - 31
T6 - - 90
T2 - - 64
Dec-06 | T4 - - 61
T6 - - 24
@b
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial

Sections PRP16072
Test . Test Speed NAASRA Counts/km
date Triallo (km/h) Left lane Centre lane Right lane Mean value
T2 - 43
Dec-07 | T4 - 56
T6 - 33
2 - 55
Nov-09 | T4 - 53
T6 - 52
Notes:

= OWP- Outer wheel path
= |WP- Inner wheel path

Source: Butkus 1991

arGb
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072

Stage 2 Investigation

A.1l.1 2016 FWD Data

Table A 5: Falling weight deflectometer, left lane left wheel paths Report No. 16 FWD 514/1 (MRWA 2016¢)

. - E E E E E E E E Normalised to T00 kPa Normalised to T00 kPa
— = el 2 E £ = = = = = = = = No Temp Correction Austroads 2008 Correction to 29°C
E 2ls|le |22 |2 | |2 |2 |2 |Z |3 |5 |% |E¢ 5 = = =
s |$|8|= |s8 |3 |2 |2 |2 |2 |2 |28 |28 |8 22| &g > lss.| £ | £ |gs5,.| £ | &
5 25| |52 |B|S|E|E|E|E |2 |2 |E 28|28 | 8¢ |558| & |3 |§88| & |3
e (s |z |z |2 |2 |35 |=|® | &% |&° |2s€| 2 |3 |58°| ¢ |3
= S |32 | &2 | & | & | & | & | = < = B < S A
21605 HEEEE 75 60 | 34 [ W5 | 1w | 1M | W B0 5 5 30 0316 0.109 135 0.358 1.544 0.169
71510 I[sB| @3 75 B80 | 318 | 203 | 1% | 10 95 78 5 5 0 0353 0117 7 0367 155 0.181
21515 Ilse| @0 80 B84 | 37 | 4 | 3 | 1% | 0 | B 0 5 K] 0.340 0.114 13 0.388 1.580 0.180
71520 HEIER &0 B%5 | 345 | M8 | 180 | 13 | 105 | &7 T 5 k7] 0347 0.0%8 4 03% 1582 015
21625 2[sB| @i 85 699 | 306 | 20 | 8 | 123 | 106 | B 71 61 38 0307 0.0%8 1147 0352 1621 0.158
716% J[sB| @2 5 B80 | 353 | a4 | 116 | 1#4 | 18 | B§ 75 3] ki 0358 0114 1149 0411 1622 0184
2160 2[sB| @i 85 91 3 | 20 | 4 | 1% | 100 | 8 54 5 K7 0339 0.116 1147 0389 1621 0.187
71645 I[sB| @i 5 8% | 297 | 212 | 186 | 128 | 14 | BB T4 0 % 0758 0.085 1147 0342 1621 0137
21550 I[sB| 21 20 B92 | 332 | M43 | 18 | 1M | 0 | B ] % k7] 033% D0.0%0 1141 0383 1582 0147
7165 HE D 80 B85 | 305 | 213 | 152 | 1% ER] T8 67 ] kX] 0310 0.0%4 1139 0353 1580 0149
21660 I[sB| 21 20 880 | 302 | 210 | 18 | 118 | % 81 7] ) k7] 0306 0.0%3 1141 0349 1582 0147
71685 J[sB| @2 80 882 | 34 | 251 | 168 | 126 | @1 5] 70 58 kX] 0328 0.074 1147 0374 1583 0117
21570 I[sB| @1 8% B87 | 321 | 22 | 185 | 123 | w0 | 13 65 £ kE) 0327 0100 1149 0375 1628 0153
21675 JlsB| @3 8% B84 | 31 | M5 | 1 | 132 | 13 | &7 7] 57 K] 034 0.057 1150 03% 1630 0.158
71680 IsB| @2 85 B% | 316 | 26 | 161 | 118 | @ ] 67 £ k7] 0318 D111 1149 0365 1622 0.180
71685 HEEER [ B85 | 316 | 216 | 158 | 118 | 98 [E] 54 5 3 0323 0102 1147 0370 1621 0168
21590 I[sB| @1 & B85 | 3M | 24 | 1@ | 118 | @ T4 5 3% 78 0331 0.093 1.150 0381 &3 0.151
71555 HE D & B8 | 312 | 7% | 161 | 125 | % T8 54 5 78 0317 0.088 1148 0364 1635 0144
21700 I[sB| @1 28 B89 | 309 | 213 | 188 | 130 | 100 & 0 % k7] 0314 D.0%8 1151 0362 1645 0150
21905 JlsB| 24 88 B85 | 391 | 3@ | 14 | 132 | 7 | B T 58 k7] 0.400 0.15% 115% 0452 TE7 0.257
21710 HEEIEE B B75 | b5 | 2% | 1% | 148 | 7 % B 68 3 0379 0113 1145 043 1552 0.180
71715 I[sB| @1 B 683 | 333 | 236 | 116 | 138 | 111 87 T4 5 K] 0347 0.058 1142 0350 1580 015
21720 IsB| g8 85 880 | 312 | 4 | 186 | 1M | 4 | BT [E] 61 38 0316 D.089 1141 0351 | o3 1615 0141 | 0164
71845 4lsB| &7 4 700 | 337 | %5 | 2% | 175 | 148 | 125 | 8 | & 60 0337 D071 1117 0376 1462 0104
21850 isB| g8 70 701 33 | 70 | 2% | 1w | 83 T 63 0389 0.0 114 0437 1.500 0148
7155 4lsB| 20 B0 598 | 357 | 283 | 230 | 185 | 1% % | 8 | &8 5 0358 0.074 1138 0407 1.580 0.116
71880 NEEEE 80 701 383 | 286 | 2o | 183 | 4B | 135 | 5 | & 5 0382 0.057 1137 0435 1578 0153
71865 4lsB | &7 (3 701 3% | 26 | 208 | 1 | @ | @ |9 78 50 0355 0.079 1140 0405 1620 0.128
21870 isB| &7 8% 702 | 4% | 315 | 45 | 190 | 153 | 18 | in £ 50 0452 0135 1140 0516 1620 0273
71875 4lsB| 20 [ 698 | 71 | 05 | 171 | 142 | 120 | 1o B 74 [ 0271 0.066 1122 0.3 1468 0.057
21.880 isB| &7 65 TO0 | 33 [ | 213 | 164 | 13 | i o ] ] 0343 D071 1117 0383 1462 0104
71585 4lsB| &8 75 700 | 325 | M8 | 1% | 1% | 128 | 7 | @ 7 [ 0325 0.076 1128 0367 153% 0.116
71890 isB| o7 75 898 | 333 | 21 | e &7 [0 | 87 [ [T 0334 D.057 1141 0381 155 0149
71.8%5 4lsB | 24 78 70O | 358 | 1B | 1% | 1% | 7 | W 82 ] 4 0.759 0.073 1142 0.755 1.568 0.114
71500 ils| @2 78 704 |3 | %8 | 217 | 178 | 152 | 13 | 113 | @& 52 0352 0.085 13 0401 157 0133
- 86 - January 2018




Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072

£ £ E E E £ £ E MNormaksed to T00 kPa MNormaksed to T00 kPa

— " E E E E E E E E E
. - g =E E = = = = = = = E No Temp Comecfion Pustroads 2008 Corection o 29°C
T g (s lEE |z 2 2 s g lE sz lE = T s T = T=T1-7 =T
5 (8|50 |38 | |5 S |S S 212121218 £ E |52 | £ |5 |2 | E |§
= | g |2 |8 |2 | |2 |2 |= |2 | |2 |E 5 g G 5 = | 85 ¢ 2
N s | &F s |2 |2 |=|=|=|=|< |2 f: 5 5% | 8 | % | &% | 8§ |3

” S |2 |2 |28 |2 |2 |& |&8 |3 T 3 5 5 & | ° E 3 g
21908 4158 | B8 3] 599 n L] 92 b 132 9 79 0 03N 0072 AN 0349 A55 0106
214910 4|58 | BB 3] 70 T B 5 S B 70 140 5 0 LX) 45 0.353 0085 RiE 0385 1464 0125
21415 4158 | &7 3 700 ST S T 1 62 3B 0 91 76 a0 0330 0077 1.140 0.376 1620 0124
21920 4158 | 40 3 700 ;| M “ 154 1% 104 8 72 42 03z 0080 1.147 0369 1627 0.130
21425 4158 | 4.2 W 700 05 | M5 | A2 163 135 112 W 78 Ll 1.084 0.504 1.165 1228 1717 1.389
21930 4|58 | BB W 701 KTET T W 7k 76 145 122 103 L] 15 0373 0.1 1.157 0.431 1709 0173
21493 4158 | 91 101 597 | M | 20 7 1w 1% 17 L] A 033 D.078 1.168 0392 1.745 0.13%
21840 dlsB | B8 101 02 am | A | M7 7 1 13 a7 79 a8 0402 0108 1164 0488 | 0436 1741 0188 | 0198
22045 61SB | 40 5 Tl ans | 24 1 151 19 “ i 62 3 0.410 0.128 0455 1.381 0.176
22080 BlsB | 91 53 6% 3B e | 28 162 119 9 i ] 28 0.385 0.074 1.112 0428 1382 0.108
22055 BlsB | 91 58 701 o i 183 141 104 M 63 a7 0 0.370 0.113 1.114 0412 1397 0.158
22060 B|lsB| 92 5% 700 32 m 151 17 i 5 45 B 7 034 0.1 1.115 0.358 1397 0141
22065 BlsB| B8 50 598 3B | X 181 1w [ 61 43 n 15 0.3%0 0.1 1.108 0432 1358 0.165
22010 61SB | 40 50 702 03 193 116 63 45 M Pl 18 12 0.302 0.108 1.108 03 1359 0.149
22075 BSB | 40 45 6% 245 159 g2 43 25 13 16 ] 0.280 0051 1.0%4 0.273 1307 0.119
22.080 BlsB | 91 45 6% 268 169 g2 5 el i 19 18 10 0.268 0.0 1.045 0243 1308 0.130
22085 B|SB | 4 Ll 70 PIE] 170 a7 5 32 | 21 18 12 0.278 0108 1.082 0.3 1798 0141
22080 B|SB | BB Ll 703 || ME 143 &7 5 k] e 19 10 0328 011 1.085 035 12491 0.143
22095 6|SB| BS% Lk} 702 285 | N2 140 & 55 kT Pl [ 10 0284 D072 1.088 0309 1.285 0043
22100 6|SB | 86 Lk} 701 305 189 13 &0 52 B )] Pl 13 0305 0.116 1.084 0330 1.281 0.149
22108 BlSB| 40 45 Tl 289 19 144 &0 ] k] 3 Fu] 15 0.290 0051 1.0%4 0317 1307 0.119
2110 B|SB| B39 45 703 k1l 172 13 73 51 Lly] K| Fi] 16 0315 0.144 1.093 034 1306 0158
22118 B|SB | 4 50 70 3w | M 151 % B4 a7 K] % 13 0338 0.0 1.108 0375 1.380 0.128
22120 BlsB| %0 50 598 My | 2 151 [E] 52 KE] ] 2 12 031 0.110 1.108 0.378 1359 0.150
215 61SB | 40 i 698 3o m 113 Y 50 k'] K] Pl 12 033 0.119 1.100 034 1328 0.158
213 BlsB | 91 i 704 I 257 163 100 ] LE] u Fu] 12 0389 0.113 1.101 0.406 1354 0.151
22135 BlsB| 42 i 702 4 1 2 191 13 M 5 K] Fil 12 0423 0133 1.102 0.485 1330 0177
22140 B|SB| 9 45 70 412 | Tk 176 108 74 52 u | 13 0411 0.135 1.085 0450 | 0.269 1.308 0177 | 0145
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072

Table A 6: Falling weight deflectometer, left lane between wheel path Report No. 16 FWD 513/1 (MRWA 2016b)

E E E E E E E E Normalised to 700 kPa Normalised to T00 kPa
—_ - E £ £ = = = E E E - -
. - = = E E = = = = = = = E No Temp Correction Austroads 2008 Carrection to 29°C
E Sl |2 |2 |B |2 |2 |2 |2 |2 |% |% |3 T £ g1l g | = 2l e |-
s (28| |38 |3 |2 |2 |2 |&|& |2 |5 |& |58 £ E sE | E | £ |zE | £ | £
s |z|5| 8 |52 |E |2 |E|E |2 |2 |2 |2 |2 |2| = 2 $5 | 5 |5 |35 | &8 |3
an = = W = o~ ) -+ v =] ~ ] - = = == = = E = = 3
& & F E = = = = = = = = = £ a2 2 2 S 2 z g
2 |2 |2 | & |& |& |2 |3 3 S s 3 B s S S
21605 2(sB | 133 ] (] 28 214 70 32 o7 &7 T 5 3 0.285 0.070 2 0.322 A 0102
21610 2(sB | 128 ki 700 280 g 70 133 107 8 [ M 12 0.280 0.060 1 03y 1.468 0.087
21615 2(sB | 129 a0 700 pak] Py L] 13 109 @O 5 o M 0.293 0072 1.140 03 1497 0.109
21620 2(sB | 129 a0 6% el ) T2 132 12 8% 76 &5 K] 0.2%5 0071 1.140 0.3% 1497 0107
21625 2(sB | 1258 i3] 702 289 217 72 33 12 92 i o4 1B 0.289 0072 1.145 033 1.533 0m
21630 2(sB | 129 85 702 I Al 76 12 107 &5 70 5 K] 0.330 0.087 1147 0.379 152 0.149
21635 2(sB | 129 i3] 702 T 247 &5 13 109 @O i 62 35 0.365 0120 1147 0420 1.529 0,183
21640 2(sB | 129 85 698 2 e 166 128 % & 9 58 k7 0312 0.0%0 1147 0.358 152 0118
21645 2(sB | 127 a0 700 252 201 158 126 03 &% 72 el k) 0.252 0.051 1.141 0.285 1.505 0077
21650 2(sB | 126 a0 700 6 213 168 133 06 &7 7 58 K 0266 0.053 1.142 0.303 1.508 0.080
21655 2(sB | 1258 a0 (] v 202 156 120 a7 i} o 4 L) 0272 0.0e9 1.141 0.310 1.501 0104
21660 2(sB | 127 a0 6% 241 1M 148 15 945 i) 66 b} K1) 0293 0.0%8 114 03 1.505 0.148
21665 2(sB | 127 i) (] 251 20 161 122 00 8 el b} 32 0.282 0.080 1.150 0.324 1.544 0123
21670 2(sB | 126 i) 6% 271 07 162 123 [} & %3 5 12 0272 0064 1.151 0313 1548 0.100
21675 2(sB | 124 i3] (] 279 201 159 124 00 8 ol 4 32 0.279 0.078 1.151 0.322 1.349 01
21680 2(sB | 126 85 698 %8 200 15 122 % & 66 53 K1) 0269 0.069 1.149 0.309 1501 0.106
21685 2(sB | 125 & a7 kv 212 165 122 % 75 o4 b} i 0.328 0115 1.153 0.378 1.559 0.180
21690 2(sB | 127 & (] 27 200 156 121 9% i} o4 51 0 0.271 0.071 1.151 0313 1.550 0.110
21655 2(sB | 125 a8 700 254 200 158 00 & &5 52 0 0254 0.065 1154 0254 1.565 0.085
21.700 2(sB | 127 i) 701 280 2 166 & i &% 70 el L) 0.279 0.0c8 1.153 0.322 1.557 0.106
21705 2(sB | 126 81 ] 1] 210 166 M 3 8 76 &7 K] 0.307 0.0% 1144 035 1515 0.145
21.710 2(sB | 1258 81 (] 274 219 1T ki 9 91 i 7 1B 0275 0.056 1.142 0314 1.507 0.084
21715 2(sB | 126 85 701 34 il 172 18 07 81 73 62 B 0313 0.089 1.149 0.360 LY 0137
21720 2(sB | 123 i3] (] 02 157 47 123 108 &% 78 [ 35 0.262 0075 1.152 0,302 033 1.553 oy 0117
21845 (s | 120 4] 698 I 21 214 76 45 12 110 %5 b 0332 0.070 1128 0.375 1428 0.100
21.850 4{se | 119 70 703 pak] 235 202 170 52 133 116 0z o2 0292 0.055 1134 033 1.455 0.080
21,855 4{sB | 125 a0 6% 330 245 208 170 A7 123 106 9 b 0.330 0.043 1143 0377 1512 0.1%
21.860 (s | 122 a0 700 K1l] 245 % 159 ki 18 102 o b 0.318 0072 1.145 0304 1.523 0.110
21,865 4{sp | 122 i) 702 19 254 206 173 142 118 106 % b 0.318 0.065 1154 0.367 1564 0102
21.870 (s | 122 i) T4 30 26 219 178 145 128 109 o o 0.328 0.004 1154 0.379 1.564 0.100
21875 4{sp | 122 4] ] 24 218 76 136 19 107 8 8 5 0.2% 0.076 1157 0313 1423 0.108
21.880 4{sB | 121 ] 701 278 3% LT e 45 2 03 91 3 0277 0042 115 0313 1.42% 0.059
21,885 4{sB | 125 ki 702 34 Al W0 b 135 0 w9 % 5 0313 0079 113% 0355 1479 07
21890 (s | 123 ] 702 278 199 104 k] " 0 8 5 a8 0277 0.078 i 0315 1.485 0.11e
21.8%5 4{sp | 122 78 705 ] 179 150 0 114 00 9 78 5 0218 0041 42 0249 1.510 0061
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections

PRP16072

. - E E E E E E E E E Mormalised to 700 kPa Mormalised to 700 kPa
—_ - e =E -=E = = = = = & = E Mo Temp Correction Austroads 2008 Correction to 20°C
E |2 s|lzs |2 |5 |z |2 |z |2 |2 |% |% |2 = 1 - = 1 -
s (|50 |38 | |& |8 |8 |28 |2 |28 |28 |8 |E8|s 55.| £ |2 |es5.| £ |2
= = 2 ] = E = = = = = = = = = E E ®E o8 £ 5 = ® g £ = =
N S | EE s |2 |z |2 ]z |z |z |2 |=|%s3°% EE |85&| % £ |EEE| B £
® s |3 |& |8 |& |8 |2 |2 |3 N ° = | & |7° 5 |3
21.900 4158 | 124 [L] 647 240 203 174 130 133 17 i 88 ! 0.241 0.037 A 0.275 1.502 0.0%
21905 418B | 122 65 705 288 232 192 158 138 120 104 88 38 0.286 0.0% 115 0.322 1423 0.080
2910 4158 | 127 65 656 259 42 1% 165 145 123 102 &7 51 0.251 0.018 11233 0.293 1.408 0.025
21915 4158 | 123 8 703 a2 210 173 142 122 102 £l 16 45 0.271 0.082 1153 0313 1.560 0.087
2520 4158 | 125 8 700 270 214 178 151 17 113 % 82 43 0.270 0.05% 1.151 0.311 1.552 0.08
21925 4158 | 124 o 703 242 24 187 152 138 112 102 8 47 0.291 0.065 1.165 0.340 1.630 0.10
21930 4158 | 122 97 705 285 273 1% 165 147 125 110 98 3 0.283 0.082 1.169 0.331 1639 0.102
21.935 4158 | 121 101 705 282 223 187 138 138 122 105 L] M 0.280 0.059 1176 0324 1.670 0.0%
21940 4158 | 122 101 700 k) 258 216 177 145 127 109 90 5 0.3 0.085 1175 0416 | 0.3 1665 0144 | 0.094
22045 G|5B | 112 53 053 3 278 207 13 121 % [k 63 32 0.358 0.107 1117 0433 1.365 0.4
22050 6|SB | 112 33 693 385 215 200 145 108 93 71 53 % 0.388 0.110 1117 043 1365 0.130
22055 G5B | 13 55 647 330 210 148 108 81 63 51 ] 19 0332 0.120 1119 0.371 1377 0.166
22080 6|5B | 106 35 897 281 183 125 8 62 45 K % 12 0.282 0.099 1121 0.316 1390 0.137
22085 G5B | 1.0 50 655 294 219 139 2 58 42 Kl 0 0.2% 0.076 1115 0.330 1.347 0.102
20710 6|58 | 112 20 658 253 164 8 A ¥ 23 19 13 10 0.2% 0.081 1114 0.285 1.3 0123
22075 G5B | 105 45 652 230 150 93 55 35 % 2 15 11 0.233 0.081 1101 0.25% 1.3 0.105
22080 G|5B | 113 45 o8 253 160 % M 3 i o 18 0.25% 0.0 1.100 0.281 1.293 0.121
22085 G5B | 111 4 65 49 161 101 o4 42 32 o 19 0.251 0.089 1.098 0.276 1.285 0.115
22080 G|5B | 112 4 ] LK) 214 13 §2 48 3 o 16 10 0.305 0.089 1.088 0.335 1.284 0.113
22085 6|5B| 15 43 652 280 168 102 63 42 K] 25 20 13 0.284 0.113 1.084 0.310 150 0.144
2100 6|58 | 109 43 0% 278 164 101 bl 43 32 pis 21 13 0.279 0.114 1.085 0.306 1.279 0.4
22105 6|8B | 110 45 693 291 189 115 i3 45 ¥ 30 24 14 0.2 0.103 1.101 0.324 1.597 0.134
2110 G5B | 114 45 689 34 212 124 80 5 M i it 16 0.330 0.115 1.100 0.352 ) 0.148
22115 6|SB | 111 30 6% 37 23 1L} 8 M 3 28 22 12 0.339 0.102 114 0.378 1.6 0.137
2130 G5B | 13 50 691 e 211 130 [ 5 3 30 2 12 0.350 0.13% A4 0.3%0 M2 0.183
22135 G5B | 113 47 656 M3 228 149 W 68 49 3 P! 14 0.347 0.118 1.106 0.384 1312 0.1%
2130 G5B | 12 47 653 425 25 164 107 4 53 3 K 12 0432 0.173 1.106 0478 1314 0.230
2135 6|58 | 114 47 681 43 280 182 122 85 b 43 K] 12 0843 0.161 1.105 0451 131 0.211
2240 G5B | 13 45 653 425 276 178 114 L] 55 40 it 12 0430 0.151 1.100 0473 | 0.361 1.293 0195 | 0148
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections

PRP16072

Table A 7: Falling weight deflectometer, right lane right wheel path Report No. 16 FWD 516/1 (MRWA 2016e)

= = = E E E E E Normalised to T00 kPa Normalised to T00 kPa
— = E E E E E E E E £ - . -
. - e = E E = = = = = = = = No Temp Correction Austroads 2008 Correction to 20°C
E = |5| B g = = = = = z z = = z = = = B = - B = =
5 |S|E|C |3E |3 ||| E S| |3|E8 2| ¢ E |s2 | £ |2 || & |3
s |E18| 2|53 |8 |2 |2 ||| |2 |2 ||| & e |25 | & |5 |85 | ¢ |3
n - += @ = i o~ ] -+ = o r— = - = = = B = =] E B = =
a |&8F 3 = = = = = = = = 2 £ & @ 2 i S & g i
2 | &2 |2 |2 |& |& |&8 |3 2 3 3 2 e 3 3 «
215605 2|8B | 122 [E] 91 288 228 187 132 125 102 83 bl 37 0.2%0 0.058 138 0329 488 0.087
21510 2|sB | 122 [E] 700 280 228 187 14 128 105 84 71 41 0.280 0.051 138 0318 1483 0.077
21515 2lsB | 119 &0 700 28 218 177 143 116 M il & 3% 0.284 0.05% 47 0325 1534 0.1
21520 2lsB | 119 &0 &9 skl 228 18 148 120 ¥ &1 55 38 0.302 0.07 1.7 0347 1534 0108
215625 2[sB | 119 85 685 316 43 % 157 127 104 86 68 a1 0.319 0.074 1.154 0.368 1.569 0.116
21530 2|8B | 11.8 85 0% 310 242 20 160 132 108 91 74 44 0312 0.068 1.155 0360 1572 0.107
21533 2|sB | 117 Lie] ] 310 240 1% 138 13 10 93 77 45 03N 0.070 1.15% 0360 1.576 011
2140 2lsB | 11T 85 699 288 2% 1% 145 12 103 87 72 L 0.288 0.051 1.15% 0333 1576 0.087
21645 2(sB | 119 &0 659 323 255 148 118 101 86 74 &1 37 0.324 0.058 1.147 0.371 1534 0.104
21550 2|88 | 11.8 &0 o] 290 P 183 131 127 107 %€ 73 44 0.291 0.06% 1.148 034 A3 0.102
2155 2|8B | 11.8 &0 0% 299 228 18 143 120 98 82 bl 40 0301 0.072 1.148 0343 153 0.110
21580 2lsB | 118 &0 B93 PE] 216 179 145 123 101 83 £ A1 0.278 0.050 1.148 0319 1537 0.042
21585 2|sB | 121 & 698 3 23 1% 148 120 % 8 55 X 0.315 0.083 1.1 0.364 1.568 013
215670 2[sB | 118 86 L 279 219 180 145 120 100 84 ) 37 0.278 0.059 1.15% 0321 1.579 0.0
215673 2|8B | 116 85 i 307 232 187 132 124 102 83 bl 40 0307 0.073 1.15% 0355 1.579 0.11%
21680 2|8B | 113 85 o] 278 216 174 140 114 9 il B3 ¥ 0.279 0.063 1.157 0323 1.590 0.100
21585 2|sB | 115 &7 Ll 289 27 174 13 13 91 il & 3% 0.288 0.07 1.159 0334 1.597 0114
21550 2lsB | 11T &7 BS7 285 20 173 137 12 92 il 52 3 0.287 0.067 1.158 0333 1590 0108
2159 2[sB | 115 a8 701 270 27 180 144 18 % 82 66 3 0.270 0.052 1.161 0313 1604 0.084
21.700 2|8B | 117 o] 707 269 214 181 130 127 107 %€ 74 42 0,265 0.0 1.160 0308 1.597 0.087
21.705 2|8B | 117 1 i 280 2% 187 132 125 103 ] bl ) 0.280 0.0 1.150 0322 8 0.084
21710 2|sB | 120 81 Ll st 23 18 13 125 1M 87 7 e 0.2 0.051 1.148 0337 537 0.0
21715 2|sB | 114 85 700 k] 20 181 130 127 108 9 77 a7 0.279 0.0 1.157 0323 585 0.0
N7 2[sB | 112 85 701 284 e 180 146 123 102 89 75 a7 0.284 0.062 1.158 0329 0.336 1.553 0.09 0.4
21843 4|58 | 10& 65 700 428 335 281 23 195 168 145 122 73 0.428 0.083 1.138 0487 1.502 0138
21.850 dlsB | 104 70 il 479 38 278 20 19 161 139 ] 70 0428 0.0 1.151 0454 1.567 0.143
21.855 4|58 | 108 &0 702 15 318 25 28 175 148 128 08 Bl 0415 0.0%8 1.151 0478 1.567 0.1
21880 4|58 | 108 &0 Ll 3 314 260 215 183 158 138 3 70 0.3 0.080 160 0457 15624 013
21.885 4|38 | 103 ] M 413 335 27 228 193 164 142 & 71 0.410 0.077 1.160 04785 1608 0.124
21870 4lsB | 109 ] o] 37e 22 243 20 168 144 125 05 b6 0377 0.084 1.132 0427 1464 0123
21873 4lsB | 105 65 696 358 288 24 200 69 143 124 M B3 0350 0.070 1.132 0.408 1462 0.102
21.880 4|58 | 108 B 702 35 282 232 190 160 135 17 100 & 0334 0.083 1.144 0417 1530 0127
21,885 a(sB | 108 75 700 33 X5 214 177 147 125 9 &l 0.343 0.078 1.144 0,392 153 0.120
21.8%) 4138 | 103 [E] o] 358 265 2 180 131 129 2 W El 0.360 0.0 1.148 0413 1.564 0.148
21883 4lsB | 10.2 L] i A2 276 237 il 177 133 13 LLL b6 0.3 0.06% 1.148 0392 1.561 0.102
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072

E E E E E E E E Normalised to 700 kPa Normalised to 700 kPa
. =2 E E E E E E E E E - - -

. - = " E E = = = = = = =2 = No Temp Correction Austroads 2008 Correction to 29°C
R S - 2N I - S I A = I - - [ e ~ 5T . - 1.
5 (3|52 |38 |2 |5 |5 (sS85 18181818 ¢€ E |sE | E |5 |2 | £ |3
= £ s | B2 | T |=|=|=|=|=|= |= |&8 3 g 25 5 e %5 g E
= = |5 |E8 sz lslsls|s|z|z| & | § |28 |38 |5 |38|% |3

S |2 |2 |2 |2 |2 |2 |2 |3 2 3 5|2 |8 | & | @
21900 dlsB | 104 78 705 i Az 25 208 179 151 13 0 65 0369 0,065 A% 0416 1472 0.102
21906 4lsB| 96 65 et % 283 20 02 L 130 129 108 e 033 0054 132 0382 1.467 0.079
21910 41sB | 103 65 6% M3 281 23 200 [E] 145 128 105 63 0343 0062 160 0.3%8 1620 0.100
215915 4158 | 105 & 700 kIl 3 253 208 176 50 129 106 65 03r 0.0a7 el 0.437 1624 0.108
21520 4|58 | 103 & 702 KT ] 300 258 216 186 159 140 116 65 0.3 0.077 17e 0.443 705 0.131
21525 41sB | 104 97 og7 430 3 X2 216 184 159 136 115 69 0422 0.098 1.176 0.4% 1.700 0.167
21530 4158 | 10e 9 T K.Yl 20 249 27 187 15% 52 115 ] 0382 0072 1.181 0427 1735 0124
21535 4158 | 104 101 700 A 310 252 2 17 153 135 106 63 0.401 0.090 1.181 0474 1735 0157
21540 dlsB | 104 101 702 3 304 252 200 1M 145 12 103 62 0383 0.075 1.182 0452 0438 1.7% 0.130 0126
22045 6|sB | 101 53 701 n 2 149 106 [E] k] 49 K] 22 0314 0,051 1.118 0.351 1.381 0125
22050 6|sB | 103 53 702 M 2% 157 ] 61 49 Kl 19 0348 0124 1.119 0.3%0 1379 0170
22055 g|lsB | 98 5 it} K]K] 232 158 108 7o ] LY )] 15 031 0.081 114 0348 1357 0.113
22060 g|sB| 98 55 704 30 pi] 1od 110 i 55 K] il 13 0329 0.051 1.119 0.3c8 139 012
22065 g|sB | 10 50 6% KL] Pl 162 08 74 52 K i 12 0383 0.114 1.115 0.3 1359 0.155
22070 GlSB | 98 50 703 kL] 5 151 03 iz 51 ar % 13 0333 0111 1.114 03N 1.361 0.152
22075 6lSB | 102 a5 72 3T 215 143 % L1 a7 H i 12 0316 0102 1.101 0348 1.307 0133
22080 6[SB | 101 a5 T 3 32 19 108 79 5 A0 ) 1 0354 01z 1.101 0389 1.307 0160
221085 6lsB | 101 LE) 70 3 242 161 105 70 49 K] 25 13 0327 0.086 1.088 0359 =i 0111
22090 GlsB| 94 LL] 685 M 2% 1M 00 o LL] 42 25 14 0348 0.116 1.0% 038 255 0.15
22095 6|sB | 101 43 702 M 230 152 03 72 ] % 25 12 0343 0.113 095 0375 287 0.146
2100 6|sB | 100 43 702 KL 2% 160 107 [E] L 3 i 13 033 0.10 055 035 287 0.130
22108 glsB | 91 45 700 My 243 162 108 74 L] K] 28 13 0347 0.105 055 0.380 308 0137
2110 g|sB | 103 45 702 K] Pl 159 106 i M K':] 28 12 0,358 0.119 101 0.3 e 0.15
22115 G5B | 10.0 50 700 37 73 163 7 5 s 28 13 0.357 0.118 5 0397 360 0.16
2130 6[SB | 101 50 72 3 %% 15 0z 72 5 kT i 12 033 0104 5 0358 K] 014
22125 B[SB | 99 g ] M7 25 152 1] 73 5 Kc] 28 13 0349 0.118 106 0,385 35 0157
22130 6lsB | 102 ay 70 38 263 167 10 76 5 Kt i 13 0383 0120 1.107 0424 1347 0160
22135 6lsB | 102 45 ] 380 253 170 13 i 5 ks bl 12 0381 017 1.101 0.420 1.307 0.166
22140 6|sB | 100 45 701 30 258 183 132 9 o 45 32 15 0329 0071 1.101 032 0.7 1.306 0063 0.142
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections

PRP16072

Table A 8: Falling weight deflectometer, right lane between wheel paths Report No. 16 FWD 515/1 (MRWA 2016d)
E E E E E E E E Normalised to 700 kPa Normalised to 700 kPa

—_ - E £ £ = = = E E E - -
= - - =E £ = = = = = = = E No Temp Correction Austroads 2008 Correction to 29°C
E o |Els|2 |2 |z (IR 1212|212 2 |% |28 [= = T 1= 1.1 1= ]
el |5 g 53 2 = = = = = = = = = 5 g S s k5 s %5 L E
S R 32|22 2|5 |22 ¢ T o|EF |2 |3 |&8% % |¢

- S | &8 | & | &8 | &8 |& |& |& |3 = S s = a |~ s S E
21606 2[sB k] 75 72 24 228 186 145 9 97 &0 & ki) 0293 0.067 142 0,335 s 0.101
21510 2lse | 114 75 T00 | 288 | 223 | 182 | 146 | 120 | % B1 65 kT 0288 0.065 142 0329 151 0.0%
215615 2[sB 1.2 a0 698 281 219 177 142 14 9 76 &1 k) 0.282 0.062 50 0.324 1.556 0.087
215620 2[sB a0 706 32 235 188 149 121 97 &1 &5 K 0.309 0076 151 0.355 1.559 0118
215625 2lse | 112 85 702 | 320 | 4 | 1@ | 153 | 122 | % B0 7] 38 0319 0.076 158 0370 1583 0120
215630 2[3B | 109 85 701 35 244 19 138 13 109 &7 7 42 0,329 0,085 1.159 0.381 1.602 0.136
21535 2[sB | 110 85 703 332 24 189 151 125 103 & 70 42 0.331 0.0% 1.158 0.383 1.5%9 0157
2160 2lse | W@ 85 B99 | D& | 235 | 190 | 1% | 125 | 13 | & 71 41 0309 0074 1.159 0358 1602 0118
21645 2[sB | 111 a0 L 3 238 190 147 120 % 7 60 k) 0.319 0.083 1.151 0.368 1.559 0.130
21650 2[sB | 114 a0 6% 72 214 175 139 14 97 &1 &7 a0 0273 0058 1.150 0314 1.550 0.0%0
21655 2[sB 13 a0 72 2 25 180 144 15 95 &0 &5 K 0.298 0073 1.150 0,343 1.553 0114
21660 2(sB | 110 a0 698 2 23 156 148 120 98 &1 &6 19 0.295 0.063 1.151 0,339 1.562 0.0%
21665 2[sB 13 86 69 2 24 185 148 19 % 79 63 3 0.303 0069 1.159 0.351 1.597 0110
1670 2[sB | 111 86 701 287 25 180 144 18 97 &0 66 ki) 0.287 0065 160 0333 1.603 0.103
21675 2[3B | 107 85 698 M s 179 140 19 % 74 63 k) 0.304 0.082 1.159 0.353 1.607 0.131
21680 2[sB | 106 85 698 K} s 179 141 15 9N 7 60 kL 0.301 007 1.159 0,349 1.610 0124
215685 2[sB | 108 &7 72 300 233 184 145 15 92 75 5 kL 0.300 0.067 162 0,348 1.619 0.109
21690 2[3B | 10.8 & 699 25 219 173 141 15 9 75 57 32 0.290 01071 62 0,337 1.619 0.114
215% 2[sB | 107 a8 700 285 213 173 139 13 9 76 &2 K] 0.285 0072 163 0.331 1.630 0117
21700 2[sB 12 a8 698 276 213 175 142 121 100 & 69 K 0276 0063 1.162 0.321 1615 0.102
21005 2[3B | 106 81 700 35 238 180 148 127 98 &7 75 19 0.305 0.068 1.153 0.352 9 0.107
1710 2[sB | 107 &1 701 281 213 177 143 19 100 & 66 Ly 0.280 0.068 1.153 033 5T 0.107
2715 2[sB | 106 85 697 308 22 183 147 124 105 &9 75 45 0.309 0.087 1.159 0.358 610 0.140
270 2[3B | 107 85 702 287 216 174 141 "7 % &2 69 42 0.286 01071 1.159 0,332 0.345 1.607 0.115 0.115
21845 dfsB | 106 70 72 365 310 262 2 187 161 140 118 T2 0.354 0.055 1138 0414 1.438 0.083
21850 dlsB | 116 a0 700 353 2 257 214 185 158 138 115 69 0.383 0.081 1.149 0.440 1.544 0125
21855 dfsB | 112 a0 e 432 307 243 193 160 138 121 102 66 0435 0125 1.150 0.501 1.556 0.1%
21.860 dfsB | 108 86 657 370 k) 252 B 177 13 133 13 70 0.371 0.069 1.160 0.431 1.612 0.112
21865 adfse | 111 86 698 410 kvl 263 M1 176 148 129 109 69 0411 0.087 1.160 0477 603 0.140
21870 afse | 111 65 699 i 28 % 1% 167 142 124 105 66 0371 0.087 1.132 0420 452 0126
21875 dfsB | 11.2 65 643 34 75 228 189 160 137 119 % 61 0.358 0.080 1.131 0.405 449 0.116
21880 dlsB | 115 75 691 335 X6 219 187 15 133 a7 61 0,339 0069 1.142 0.387 5 0.105
21885 dfsB | 112 75 699 30 268 216 173 148 128 12 “ 8 0.351 0,093 1.143 0413 1.520 0.141
21890 afse | 111 78 695 275 s 185 15 1 15 100 &8 52 0.2 0.052 1.148 0.318 1.545 0.081
218% dls | 110 78 6% 3 255 el 190 164 144 127 108 66 0.305 0049 1.148 0.350 1.547 0075
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072

E E E E E E E E Normalised to 700 kPa Normalised to 700 kPa

= = _ E E E E E E E E E - - -
. - g =E E =] =] =] =] =] = s = No Temp Correction Austroads 2008 Correction to 29°C
SRS -2 0 I R - O O =T -0 - - - = = T Tz 1.1 1< 1.
s BB\ 3B |3 | (222|222 2|5 ¢ | £ |82 ¢ |5 |z |<% |3
= |z |8 |62 |2 |2 |2 |E |5 |2 |E |5 |2 2| 5 = |35 |5 |5 |85 |2 |%
& = © & = ) ™~ L] -+ s w - oo - o = = 7 k5] 2 E B = 2

& & F 5 = = = = = = = = 2 z & 8 2 g 38 = 3

2 | &2 | & |2 |8 |& |2 |3 5 E E |2 |8 g5 |8

21500 dlsB | 109 ] ] k"] 3 252 206 I 145 il 09 6 0342 0.078 1.132 0433 A% 0.114
21505 4lse | 109 ] 701 1 285 240 200 M 145 M 08 of 03 0.050 1.132 0,378 145 0.073
510 a(sB [ 113 86 69 in 254 s 190 162 14 125 03 63 0322 0068 1.159 034 T 0.109
21515 dlsB | 109 ) 705 n 3 252 200 17 145 M) 1 %] 03N 0.070 1.160 0.430 1.609 0113
25920 41z | 10T 9 6% A0z 7 252 2 183 15% 1% 15 70 0.403 0.0% 1.7 0474 16597 0162
21525 4l | 107 9 702 Al 30 24 ] 188 163 [LE) 19 T 0404 0.084 1.176 0475 1.697 0.143
2153 41z | 10T 101 6% 15 275 7% 208 183 15 138 119 ] 0.32% 0.050 1.182 0,385 1.7% 0.087
153 a(sB [ 110 101 69 2 310 255 g 175 147 127 107 63 0393 0.082 1.181 01464 1.716 0141
21540 dlsB | 109 11 6% 0 Kl 258 213 179 149 12 102 ] 0382 0.051 1.182 0427 0.420 1.719 0.088 0.116
22045 6B | 105 L1] 700 ur 25 e 19 95 i e S0 | 037 0,052 1.119 0,354 137 0.12%
22080 6[SB [ 106 L) it} 17 150 i il 52 41 2 P 12 02y 0067 1119 0243 1.375 0093
22055 6lsB | 101 b] 709 18 12 8 5% LY K} k] 2 0 018 0.061 1.120 0.203 1.3% 0.084
22060 6[SB [ 106 b 698 258 185 25 8 6l 43 kL) P 0.289 0103 1.1 0324 1.3%0 0144
22065 GlsB | 108 50 6% 7 1% kT a7 2] Bl K i 2 0309 0.110 1.115 034 1.351 0.148
22070 6B | 11.0 50 700 24 23 13 95 05 45 B ki 2 0.2 0.091 1.115 037 1347 0122
2075 B[SB [ 105 45 703 259 1% 18 8 61 44 kL) i 2 0.287 0093 1.1 0316 1.3 0121
22080 GlsB | 113 45 700 20 200 13 92 o a7 B P 3 0,238 0.098 1.100 037 1.253 0.12%
22085 6B | 108 L) T0e 288 18 15 Ll 58 Ly K} s 2 0,285 0,058 1.0%8 0313 1.290 0.12%
22080 6B | 105 LE] 702 P i 1% Y b A7 B i 029 0.095 1.095 0328 1.293 0123
2210685 6lSB | 10.0 43 o5 285 145 132 L] of 45 k' % 2 0.2%0 0.0%4 1.085 037 1.287 012
2100 6[SB [ 106 43 698 7% 1% 123 8 74 42 53 H 1 0.7 0.100 1.0% 0325 1.282 0128
22105 6lsB | 101 45 ] Mo i A 95 of 49 * ki 3 oMy 0.143 1.101 0342 1.307 0187
210 6B | 106 45 701 m 219 14 9% 05 S H | 3 031 0.114 1.101 0,385 1303 0.14%
2115 6[SB [ 10,0 50 705 12 o 158 0 79 58 43 3 3 0329 0.100 1115 0367 1.360 0137
2120 GlsB | 105 50 o9 328 216 42 9% 70 52 K 28 3 033 0112 1.115 0367 1.355 0151
215 6[SB | 101 & 643 M 735 58 106 76 55 Ly k'l 3 0345 0108 1.106 0381 1.328 0.143
213 6lsB | 100 4 702 M7 265 172 14 &1 5B 42 K} 3 0.5 0.082 1.106 0353 1328 0109
22140 BlsB | 99 45 702 285 174 13 100 & L] K¢ e 5 0,285 0111 1.100 0313 0.3 1309 0.145 043
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial
Sections PRP16072

A.1.2 Photographs

Figure A1: Surface of BSL bhase layer at T2

Figure A2: T2 granular profile and subgrade surface
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial
Sections PRP16072

Figure A 3: Surface of BSL base layer at T4
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial
Sections PRP16072

Figure A5: Surface of CRB base layer at T6
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial

Sections

PRP16072

A.1.3 Test Certificates

’A,;’m ainroads

ABN: 50 860 576 021

LAYER THICKNESS REPORT
Sampling Method: WA 701.1 Sheet 1 of 3
Report No. 16 S6314/1 Ref. No.  Not Applicable Field No. Not Applicable
Date of Test 3/10/2016 Project/Contract/Job No. Tonkin Hwy Trials WARRIP
Date Sampled (Moisture Content) Not Applicable Date of Test (Moisture Content) Not Applicable
Local Govt Authonty  City of Gosnells
Road Tonkin Highway
Section  Tonkin Highway Southbound Section 2 SLK 21.600-21.720
Present/Proposed Use  Pavement
Test Methods WA 705.1
Depth Layer
CoreNo Chainage / SLK| Transverse Position Clissminy e Material Type From - Te Thckness
(m) (m) {mm) {mm)
Seal 0-10 10
Dense Grade Asphalt 10-35 25
70 21605 BWP R2 —
Dense Grade Asphalt 35-75 40
Bitlumen Stabilised Limestone
Seal 0-10 10
Dense Grage Asphalt 10-40 30
7 21.615 BWP R2
Dense Grade Asphalt 40-80 40
Bitumen Stabilised Limestona
Seal 0-10 10
Dense Grade Asphalt 10 - 45 35
72 21825 BWP R2
Dense Grade Asphalt 45 -85 40
= Bitumen Stabilised Limestone
Seal 0-10 10
Dense Grade Asphalt 10 - 45 35
21635 BWP R2
Dense Grade Asphait 45 - 85 40
Bitumen Stabllised Limestone
Comments/Distribution Approved Signatory
Ttim 1615005 N
Reporis
M Asadi Name Jared Symcox
Function  Technical Officer Materials
Date 71072016
Decument 71087330 1A lssue 12/05/2014 TRIMD142628254 MAIN ROADS Western Australia
ACCREDITATION No. 1988 SITE No. 1982 Materiais Engneenng

JJG Punch Laboratory

5-9 Coin Jamieson Dnve

WELSHPOOL WA 5106

Tel (03) 9323 4744 Fax. (08) 9323 4766
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial

Sections PRP16072

STERN AUSTRALIA

LA nMainroads
\/ A

ABN: 50 850 676 021

LAYER THICKNESS REPORT
Sampling Methed: WA 701.1 Sheet 2 of 3
Report No. 16 S6314/1 Ref. No.  Not Applicable Field No Not Applicable
Date of Test 310/2016 ) Project/Contract/Job No Tonkin Hwy Trials WARRIP
Date Sampled (Moisture Content) Not Applicable Date of Test (Moisture Content) Not Applicable
Local Govt Authority  City of Gosnelis
Road Tonkin Highway
Section  Tonkin Highway Southbound Section 2 SLK 21.600-21.720
Present/Propesed Use  Pavement -
Test Methods WA 705.1
Degpth Layer
Core No Chainage / SLK| Transverse Position | Clanagaii | Las Material Type From- To Thickness
(m) (m) (mm) (mm)
Seal 0-10 10
Dense Grade Asphalt 10-49 3¢
4 21635 swpP R2
Dense Grage Asphalt 49 - B0 3
Bitumen Stabilised Asphall
Seal 0-10 10
Dense Grade Asphalt 10- 50 a0
75 21.655 BWP R2 —
Dense Grade Asphalt 50- B0 30
Bitumen Stabilised Asphalt
Seal 0-10 10
Dense Grade Asphalt 10-51 41
76 21665 BweP R2
Dense Grade Asphalt 51-86 35
Bitumen Stabilised Asphalt
Seal 0-10 10
Dense Grade Asphalt 10-53 43
77 21675 BWP R2
Dense Grade Asphait 53-85 32
Bitumen Stabilised Asphalt
Comments/Distribution Approved Signat,
Tom 16/5005
Reports
H Asadi Name Jared Symcox
Function  Technical Officer Matenals
Date 7/10/2016
Document: 7 1/05/330 1A Issue 1210672014 TRIM D14#528264 MAIN ROADS Western Australa
ACCREDITATION No, 1989 SITE No. 1982 Matenals Engineenng

JJG Punch Latoratcry

$-9 Calin Jamieson Drive

WELSHFOUL WA 6106

Tel: (08) 9323 4744 Fax (08) 9323 4765
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial
Sections PRP16072

R

ABN: 50 860 676 021

LAYER THICKNESS REPORT
Sampling Method: WA 701.1 Sheet 3 of 3
Report No. 16 8631411 Ref No Not Applicable Field No. Not Applicable
Date of Test 3/10/12016 Project/Contract/Job No. Tonkin Hwy Trials WARRIP
Date Sampled (Moisture Content) Not Applicable Dale of Test (Moisture Content) Not Applicable
Local Govt Authority  City of Gosnells
Road Tonkin Highway
Section  Tonkin Highway Southbound Section 2 SLK 21.600-21.720
Present/Proposed Use Pavement
Test Methods WA 7051
Depth Layer
ComNa Chairage f SLK| Transverse Pasition ca ¢/ Lane Matarial Type From-To Thickness
(m} {m) (mm) (mm)
Seal 0-10 10
B Dense Grade Asphalt 10- 55 45
78 21,685 BWP R2
Dense Grade Asphall 55-87 32
Bitumen Stabilised Limestene
Seal 0-10 10
Dense Grade Asphatt 10-53 43
79 21695 BWP R2
Dense Grade Asphalt 53.88 35
Bitumen Stabilised Limestone
Seal 0-10 10
Dense Grade Asphalt 10- 50 40
80 21705 BWF R2
Dense Grade Asphalt 50 - 81 n
- Bitumen Stabllised Limestone
Seal 0-10 10
Dense Grade Asphalt 10- 55 45
81 21.715 BWP R2
Dense Grade Asphalt $5-85 30
Bitumen Stabilised Limestone
Comments/Distribution Approved Sdgyy
Trm 16/5005
Reports %i%f\
H Asadi Name Jared Symcox
Function  Technical Officer Malerials
Date 7110/2016
Domument 7106330 1A Issue 12/05/2014 TRIM D 148626264 MAIN ROADS Wesiem Austialia
ACCREDITATION No. 1988 SITE No. 1882 Matena's Enginzenng
JIG Punch Ladoratary
49 Colin Jameson Drive
WELSHPOOL WA 6108

Tel (0B) 9323 4744 Fax (08) 9323 4766
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial

Sections

PRP16072

2

mainroads

"‘\'-.l STERN AL

ABN. 50 860 676 021

LAYER THICKNESS REPORT
Sampling Methed: WA 701.1 Sheet 1 / 3
Report No. 1686316 /1 Ref No.  Not Applicable Field No. Not Applicable
Date of Test 3/10/12016 Project/Contract/Job No Tonkin Hwy Trials WARRIP
Date Sampled (Moisture Content) Not Applicable Date of Test (Moisture Content) Not Applicable
Local Govt Authority  City of Gosnells
Road Tonkin Highway
Section  Tonkin Highway Southbound Section 4. SLK 21.840 - 21,940
Present/Proposed Use  Pavement o = N
Test Methods WA 705.1
Depth Layer
Gore No Chairege / SLK| Transverse Pasiton ¢ / Lane Mateii Type From - Ta Thckness
im) {m) {mm) {mm)
Seal 0-10 10
Dense Grade Asphalt 10-55 45
82 21845 BWP R2
Dense Grade Asphall 55-70 15
Bitumen Stabilised Limestone
Seal 0-10 10
Dense Grade Asphat 10-70 60
B3 21888 BWP R2 —
Dense Grade Asphait 70-80 10
Bitumen Stabllised Limestone
Seal 0-10 10
Dense Grade Asphalt 10- 55 45
84 21.865 BWP R2
Dense Grade Asphalt 55 - 86 3
Bitumen Stabilised Limestone
Seal 0-10 10
Dense Grade Asphalt 10-50 40
85 21875 BWP R2
Dense Grade Asphalt 50-65 15
Bitumen Stabilised Limestone
Comments/Distnbution Approved Sign:
Trm 16/5005 ‘])’V
Reporis
H Asad Name ed Symcox
Function  Technical Officer Materials
Date 7110/2016

Document 74005/330 1A Issue 12/05/2014 TRIM. 0148528264
ACCREDITATION No. 1989 SITE No. 1882

MAIN ROADS Westermn Ausiralia
Matena's Engineenng

JJIG Punch Laboratory

5-9 Calin Jamesan Drove

®, 0 WELSHPOOL WA 6105
Tew(0@) 9323 4744 Fax (08) 5323 4765
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial
Sections PRP16072

S

A

- ity

ABN: 50 850 676 021

LAYER THICKNESS REPORT
Sampling Methed: WA 701.1 Sheet 2 /) 3
Report No, 16 S6316/1 Ref No.  Not Applicable Field No Not Applicable
Date of Test 3/10/2016 Project/Contract/Job No. Tonkin Hwy Tnals WARRIP
Date Sampied (Moisture Content) Not Applicable Date of Test (Moisture Content) Not Applicable
Local Govt Authority  City of Gosnells
Road Tonkin Highway
Section  Tonkin Highway Southbound Seclion 4. SLK 21.840 - 21.840
Present/Proposed Use  Pavement - =
Test Methods WA 7051
Depth Layer
Core No Chainage / SLK| Transverse Positon sy fiane Miaterial Type From - To Thekness
(m) {m) (mm) (mm)
Seai 0-10 10
Dense Grade Asphalt 10- 58 45
86 21885 BWP R2
Dense Grade Asphalt 55-75 20
Bitlumen Stabiised Limestone
Seal 0-10 10
Dense Grade Asphalt 10- 55 a5
87 218395 BWP R2 = ——
Densae Grade Asphalt 55-78 23
Bitumen Stabilised Limestone
Seal 0-10 10
Dense Grade Asphalt 10-65 55
88 21805 8wpP R2
Dense Gradge Asphalt Uncblanable
Bitumen Stablised Limestone
Seal 0-10 10
Dense Grade Asphall 10-56 46
89 21915 BWP R2
Dense Grade Asphalt 56 - 86 30
Bt Stabilised L A
Comments/Distribution Approved Signatory
Trim 16/5005
Reports & 5
H Asadi Name Jared Symcox
Function  Technical Officer Matenals
Date 7/10/2016
Document 71/05/330 1A lssue 1200572014 TRIM D14W628284 MAIN ROADS Western Australia
ACCREDITATION No. 1989 SITE No. 1982 Malenals Engineering

JJG Punch Labaratory

58 Coin Jamieson Drive

WELSHPOOL WA 6106

Tel: (08) 93234744 Fax. {0B) $323 4766
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial

Sections

PRP16072

A nainroads
'r WESTERN AUSTRALIA

ABN 50 BBC 676 021

LAYER THICKNESS REPORT
Sampling Methad: WA 701 1 Sheet 3 [/ 3
Report No. 16 563161/ 1 Ref No.  Not Applicable Fleld No Not Applicable
Date of Test 3noz016 Project/Contract/Job No. Tonkin Hwy Trials WARRIP
Date Sampled (Matsture Content) Not Applicable Date of Test (Moisture Content) Not Applicable
Local Govt Authority  City of Gosnelis
Road Tonkin Highway
Section  Tonkin Highway Southbound Section 4. SLK 21.840 - 21 940
Present/Proposed Use Pavement
Test Methods WA 7051
Oepth Layer
CoreNo Chainage ! SLK| Transverse Postion Ciitigoway? Lo Metesial Type From - To Thickness
(m) (m] {mm}) {mm)
Seal 0-10 10
Dense Grade Asphalt 10- 62 52
a0 21925 BWP R2
Dense Grade Asphalt 62 - 97 35
Bitumnen Stabiised Limestone
Seal 0-10 10
Dense Grade Asphalt 10-46 36
91 21.935 BWP R2
Dense Grade Asphalt 46-101 56
Bilumen Stabilised Limestone
Comments/Distribution Approved Sign:
Trim 16/5005
Reports
H Asadi Name Jared Symcox
Function  Technical Officer Matenals
Date 7/10/12016

Oocument 71/05/330 1A Issue. 1 2006/2014 TRV D14#628264
ACCREDITATION No. 1989 SITE No. 1982

MAIN ROADS Westem Austrabia
Matenals Engineanng

JJG Punch Labaratory

5-5 Colin Jamiescn Drive

WELSHPOOL WA 6106

Tel (08) 9323 4744 Fax (08) 9323 4766
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial
Sections PRP16072

SN

ABN. 50 860 676 021

LAYER THICKNESS REPORT
Sampling Method: WA 701 1 Sheet 1 /| 2
Report No. 16 56318/ 1 Ref No.  Not Applicable Field No Not Applicable
Date of Test 3/10/2016 Project/Contract/Job No Tonkin Hwy Trials WARRIP
Date Sampled (Moisture Conlent) Not Applicable Date of Test (Moisture Content) Not Applicable
Local Govt Authority  City of Gosnells
Road Tonkin Highway
Section Tonkin Highway Scuthbound Section 6. SLK 22.040 - 22.140
PresentProposed Use Pavement
Test Methods WA 705.1
Depth Layer
Care No Chainage ! SLK| Transverse Position oviay/ 1 Lona Matenial Type Feom - To Thickness
{m) (m) {mm] {mm)
Seal 0-10 10
92 22045 8wp R2 Dense Grade Asphalt 10-83 43
Limesione
Seal 0-10 10
23 22055 BWP R2 Dense Grade Asphalt 10-55 45
Crushed Road Base
Seal 0-10 10
24 22,065 BWP R2 Dense Grade Asphalt 10-50 40
Crushed Road Base
Sasl 0-10 10
a5 22075 BWP R2 Dense Grade Asphalt 10-45 35
Crushed Road Base
Seal 0-10 10
96 22.085 BWP R1 Densa Grade Asphalt 10-44 34
Crushed Road Base
Comments/Distribution Approved Signaigry
Trim 16/5005
Reports
H Asadi Name Jared Symcox
Function  Technical Officer Materials
Date 711072016
Document 7105/330 1A lssue 12052014 TRIM 0148628254 MAIN ROADS Western Australa
ACCREDITATION No. 1989 SITE No. 1982 Matenals Engnesnng

JJG Punch Labaratory

5.9 Codn Jamieson Dnve

WELSHPOOL WA 8106

Tel (08) 9323 4744 Fax {08) 6323 4766
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial
Sections PRP16072

@ nainroads

ABN 50 860 676 021

LAYER THICKNESS REPORT
Sampling Melhod: WA 701.1 Sheet 2 | 2
Reporl No. 1656318/ 1 Ref No.  Not Applicable Field No. Not Applicable
Date of Test 310/2016 Project/Contract/Job No. Tonkin Hwy Trials WARRIP
Date Sampled (Moisture Content) Not Applicable Date of Test (Moisture Content) Not Applicable
Local Govt Authority  Gity of Gosnells
Road Tonkin Highway
Section  Tonkin Highway Southbound Section 6. SLK 22.040 - 22 140
Present/Proposed Use  Pavement =
Test Methods WA 7051
Depth Layer
Core No Chanage ! SLK|Transvarse Pestion Corfopeway ! Lane Materal Type Erom- To Thickness
(m) (m) (mm) (mm)
Seal 0-10 10
97 22.095 BWP R1 Dense Grade Asphalt 10-43 33
Crushed Road Base
Seal 0-10 10
28 22.105 BWP R1 Dense Grade Asphalt 10-45 35
Crushad Road Base
Seal 0-10 10
ag 22115 BWP R1 Dense Grade Asphalt 10- 50 40
Crushed Road Base
Saal 0-10 10
100 22125 BWP R1 Dense Grade Asphalt 10-47 37
Crushed Road Base
Comments/Distribution Approved Signatory
Trm 16/5005
Reports ,\
H Asadi Name d Symcox
Function  Technical Officer Materials
Date 711012016
Document 7105330 1A Issue 12052014 TRIM D14¥628264 MAIN ROADS Western Austraia
ACCREDITATION Ne. 1989 SITE No. 1982 Materals Engineenng
JJG Purch Laboratory
5-9 Calin Jamieson Dnve
WELSHPOOL WAB106

Tel (0B) 9323 4744 Fax (0B) 9323 47€6

arob

- 104 - January 2018



Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial
Sections

PRP16072

amaads

ABN: 50 26 676 021

MOISTURE CONTENT TEST REPORT Sheet 1 of 3
Repont No, 16MABT-475 /2 Reference Mo, Nol Applicable  Field No. Mot Applicable
Datefs of Test ____ &ahweote Praject No. Mot Applicable
Date Samplad 12/09/2016 Date Received 12/09/2016
Local Gowt Authority
Road Tonkin Highway
Location Tonkin Highway Trail Investigation SLK 21,520-22.900(PRP16040-WARRIP 1611)
Prasent Use Existing Highway
Test Mathods: WA 1101 Soll and Granular Paverment Matarial Molsture Content: Convectien Oven Mathed
Sampling Method: WA 100.1 Sampling Procedures for Soil and Manufactured Granular Matarials
Sample Longiludinal | Transverse Material Type Maoishere Content Depth
NUMDers | chainage (m) im) (%] {mm)
467 21.621 Subbase Limestona 5.3 frarm 150 to 400
4848 21.621 Subgrade Sand 1.4 from 405« 1o
469 21,868 Subbase Limestone 3.5 from 150 1w 400
470 21.868 Subgrade Sand 0.8 from dﬂ;h o
471 22 DES Basecourse CRB 21 from 70 1o 135
472 22,0689 Subbase Limestona 18 from 135 o 365
473 22,068 Subgrade Sand 1.2 from 365 to 700
474 21.621 Basecourse BSL 52 from 20 to 155
475 21.868 i Basecourse BSL 1.6 from 0 o 150
Comments/Distrioution; Approved Signatory
THIM File No. 16/5005 ~
ey
Zia Rice (PE) Australian Road Research Board Mame P. Brittan
Function  Project Officer
Date 18/04/2017

Docwnent 711101 lssue ] 70201 S TRIMDT 48628363

Accrediled lor compliance with ISMIEC 17025
ACCREMTATION Mo, 1582 SITE No. 1982

N\
NATA

FANPETEMES

MAIN ACADS Westen Ausiralia
Meterials Engingeding

JUG Punch Leboratory

.0 Colin Jamieson Drive
WELSHPOOL WA G106

Tal: (OB} 9323 4744 Fay: (0B) 0323 4766
1]

0
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial

Sections PRP16072
-
A mainroads
'F"\\I-"—.I]'[{‘\ AUSTRALDA
ABN: 50 880 8T8 021
SOIL CLASSIFICATION TEST REPORT Sheet 2 of 3
Report MNo. 16MAET-475/1 Field No, Mot Applicable  Project No, Mot Applicable
Dale Sampled 12/0%2016 Date/s Tested BNOEDIE
Local Gowt Authority City Of Gosnells
Road Tonkin Highway
Location Tenkin Highway Trail Investigation SLK 21.520-22 900|PRP16040-WARRIP 1611)
Sample No. 6MABT _ 16M4ER | 18M4E3 1EM4T0
Reterence Mo, L
Ciepth, (mm) _150-400 405+ 150-400 400+
Sample Location Section 2 SLK 21.621 ) Section 2 SLK 21.621 | Section 4 SLK 21,868 | Section 4 SLK 21.888
Field Dascription Limestana Sand Limestona Sand
Present Use Subbase Subgrade Subbase Subgrade
PSD WA 115.1 Sampling Method: WA 1001
Parcent Retainad on
Lieve Size 37.50 mm 1 1] 2 0
Sieve Size (mm) % Passing % Passing % Passing % Passing
125.00 100 100 100 1 100
106.00 100 100 100 1o
75.00 100 100 | 100 100
53,00 | doo 106 100 100 ]
a7.50 a8 100 %8 100 ]
26.50 96 1o x4 100
1900 B9 100 &3 100
13.20 B [ 100 B4 a8
5,50 7w 100 | & 1 EC
670 Fa 100 75 89
4,75 87 S T2 m 99
256 60 e 66 [ ]
118 57 a8 = &1 aa
0.500 [ 50 85 55 1 82
0.425 42 B4 46 52
0.300 32 3 M 22
0AED 17 4 16 3
0.075 12 i ' 12 1
0.0135 7 1 a 1
LL WAI1202 (%) |  Nol Obleinatle Mot Obtainable Mot Obtainable ot Dbiainable
PL  WA1211 [%)] Mon Plastic Won Plastic Maon Plastic Mon Plastic
Pl WA 1221 (%) | Wion Flastic Won Plastic Man Plastic Mun Flasiic
I LS WA 1231 (%) 0.0 at MG 1 B.4% 0.4 al MG 25 5% 0.4 al MG 17.8% O at MC 22 5%
GROLP SYMBOL
[AS 1726 App A Sact AZ) . cle 2 -
Comments / Distribution *MC - moisture conben Approved Signatory
TRIM File lo. 16/505
o A
Zia Rice [PE) Australian Road Research Board Mame P.Erittan
Funclian Project Officar
Date 18/04/2017
Diocument T1/05M1 15.1 [ss0ec ) TAONE01S DI14RE28573 MAIN ROADS Wesharn Augiraka.
A Maierals Enginaaring
HATA Accradited for complance with [SOAEC 17025 MG Punch Laboratony:
ACCREDITATION Mo, 1932 SITE Mo, 1882 5.9 Cplin Jamiesan Drive
WELSHPOOL Wa 6106

TRGHMTHL
SrarTaacn

Telb ((8) 9353 4744 Fao (08) 5323 476G
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial
Sections PRP16072

%‘L Illa;iklx \lL*-.)EE& :ll \

ABM: 50 850 676 021
3

-

SOIL CLASSIFICATION TEST AEPORT Sheet 3 of
Report No. 16M46T-475/ 2 Field No. Mot Applicable  Froject No. Mot Applicable
Date Sampled 120092016 Date/s Tested G6MO/2018
Local Govt Authority City Of Gosnells
Road - Tonkin Highway
Location Tonkin Highway Trail Investigation SLK 21.520-22 900(PRP16040-WARRIP 1611}
Sample No. 16M471 16M472 16MAT3
Reference No.
Depth, (mm) 70-135 135-365 385-T00
Sample Location Section 6 SLK 22 069 | Section 6 SLK 22,069 | Section & SLK 22 069
Field Description CRB Limestone Sand
Prasent Use Basacourse Subbase Subgrade
PSD WA 1151 Sampling Method: WA 1001
Percent Retained on
Sleve Size 37.50 mm o 7 a
Sieve Size (mm) % Passing % Passing % Passing
125.00 100 100 100
106.00 100 100 100 -
75.00 100 100 100 -
53,00 100 g5 100 -
37.50 100 a3 100 -
26.50 100 a0 100 -
15.00 100 85 100 B
13.20 88 79 100 -
4,50 75 75 100 -
G.70 G2 71 100 .
4.75 & | & 4 100 )
236 a0 &1 a0 -
1.18 29 57 a9
OLEOD 22 80 aE -
0.425 19 41 56 -
0.300 16 20 28 -
0150 11 14 2
0.07E 8 i1 a
00135 [:] i} 0
LL WA 120.2 (%) 20.0 Mot Dbtainable Mot Ootainable
PL WA %) MNon Plastic Haon Plaslic hon Plastic
Pl WA 1221 (%) Mon Plastic Man Plaslic Maon Plastic
LS WA 1231 (%) 0.4 0.0 at MC 19.2% 0.0 at MG 21.7%
B &Y
(A8 1790 Agy A Bat ) GG sP-sM s
Commants / Distribution *MC - maistura contant Approved Signatony
TRIM File Mo 185005
Repons "
Zia Fice (PE) Australian Road Research Board arme P Brittan
Function Project Officer
Crabe 18042017 !
Drocumént: 7108 15,1 1sswe: 17/08201 5 0148628573 KAIN ROADS Waestem Ausiralia
Matenals Engneenng
MATA Accradiad lor compliance wilh ISQVIEC 17025 G Funch Laboratony
\ ACCREDITATION No, 1589 SITE Mo, 1882 5.9 Colin Jamieson Drive
cimi WELSHPOOL Wh 6106
Ll Tek: (08) 0323 4744 Fax: [08) 5323 4766

arob
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial
Sections

PRP16072

CALIFORMNIA BEARING RATIO OF REMOULDED SPECIMENS TEST REPORT

%E\]ﬁ"ﬁl— ER™N AT

nroads

STRALI

i
[

-

ARN: 50 &R0 ATE N1

WA 1411 Sampling Method: WA 100.1 Sheet 1 of 3
Report Mo,  18MMBT-ATS/1 - Refarence No. Mot Agplicable Figid Mo, Not Applicable '
Date Samplad 12/09/2016 Date Received 12/09/2016 Datals of Tast 24/02/2017
Local Govt Authority B
Road Tonkin Highway Trial Investigation SLK 21.520 - 22.900 (PRP16040-WARRIP 1811}
Location Section 2 SLK 21.621
Section 6 SLK 22.089
Prasent Use Subgrade
Project No. ) Depth See Notes mim
Field Description ~ Sand Subgrade
Samghe No. 16M4EE 16M4TI
Condition Unsoaked Unsoaked
% Retained 19 mm Slave WA 1151 ¥ | Visualty ol passing [Visually all passing
Material Retzined 19 mm Sieve (Excluded'Heplaced) Excluded Exclueded
Maximum Dry Density vrmi) 1.71 1.73
Optimum Maisture Content % 14.5 14.5
Test Conditions of Specimen
Surcharging of Specimen kal 13.50 i | 13.50 i
Compactive Effort Used in Moulding Specimen
Blows, layers, kg hammer [ 11 5 27| 15| 5 | 27|
Test Results
Dry Density
Speciman at Compacticn i 1.62 | 1.54 |
Dry Density Ratio
Specimen at Compacticn % 850 | 94.5 |
Moisture Content
Specimen at Compaction % BRAK:] | 1.2 |
Top 30 mm Layer of Specimen After Penetration % aa | 8.5
Remainder of Specimen After Penetration % 10.8 10.0
Moisture Ratio
Spacimen at Compaction % 7T | 76.5
Top 30 mm Layer of Specimen Afler Penetration % 61.5 | 58.0 ‘
Remainder of Speciman After Penatration % 755 68.5
California Bearing Ratio %% 20 20
Penetration i 5.0 5.0
Camments [ Distribution Approved Signato
TRIM File Mo,  16/5005 -
Zia Rice (PE)  Austrailian Road Reasearch Board i
168M4E8 405mm+
16M473 335-700mm Narme P.Brittan
Function  Project Officer
Date 18042017
Decurnent: 7105141, 1 |5500:2708/2015 TRIM: 0148628356 MAIN ROADS Western Australia
Materials Enginesring
NATA  focredied lor compliance wilh ISDIEC 17025 L3 Punch Laboratory
ACCREDITATICN Mo, 1985 SITE No, 1982 5-0 Colin Jamlescn Driva
v WELSHPOOL WA 6106
TEGHNIEAL Tak (0B) 5323 4744 Fax: (DB) G323 4768
o
o
- 108 - January 2018



Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial
Sections

PRP16072

Dry Density/Moisture Content Relationship Test Report

LA mainroads
"\'«.!‘-.JL e LR TRALIAL

ABM: 50 BEO 676 021

Sampling Method: WA 1001 Shaut 2 o 3
Regort Mo, 16MAET-4T5 /1 Refaranca Mo, Mot Applicable Fiedd Moo Mot Ap gicable
Ciate Samplad 12/008/2016 Cate Received RE T Datels of Test 282016
Fresent Use Existing Higwiry Project No. R
Local Govi Autharity City of Gosnells
RAoad Tonkin Highway Curing Period i
Section  Tonkin Highway Trial Investigation SLK 21.520 - 22.900 (PRF16040-WARRIF 1611 Stabiliser
(Duays) {Hra} Added
Samphe No Location Depth (mm) Water Stabiliser %
16M45E 16M4EE Section 2 SLK 21.621 405+ Fizld -
16M4T3 Section 6 SLK 22.069 365-700 Field - -
16M4T44TS Seclion 2 SLK 21.821/Seclion 4 S5LK 21 888 80-155 1.00 . .
Moisture Conlen! [ wa 110,100 wa 110.2 Stabiliser Used Mot Apphcable
Figld Description  Subgrade Sandd Basecourse BSL
DD / MC Relationship
1,800 T
1.780
1.780
B omo
=
E 1.720 1
E 1.700
1.680
1.660
1.840
1620
0.0 20 4.0 6.0 BD 100 12.0 140 160 1] 0.0
Modsture Content %
Sample Mumber 1omaea iemara | 1eMmaTaiaTs !
{ m— |
Tes! Metned WA 1334 WA 1331 | WA 1331
t
Maximum Dy Density i’ 172 I 1.732 | 1.781
Optimum Muoisture Contant % 14.3 146 ‘ 12.0
Percentage Retaingd % a7.5mm o ' 0 0
Perceniage Fetalned % 19.0 mm [} o 1
Commenis | Distribution Approved Signatory
THRIM File Mo, 165005
Zia Rice (PE) Australian Road Ressanch Boded
Gk N
Mams P.Brittan
Funclion Project Officer
Drate 16042017
Doeumeant: 7105 32,1 tssue | BIOE01S TRMD148626388 MAIM ADADE Weslam Ausirala
A Waterials Engnearing
accredited for compliance with ISCHEC 17025 LG Fureh Laboratony
MNATA ccrenmanion Ho. 1982 STE Ho. 1832 -3 Calin Jamieson Dive
WELSHPOOL WA 6108
TESimcaL Tel: (08} 6323 4744 Faxc (08) 5323 4766
o
]
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial

Sections PRP16072

AR 2inroa
"'"“ ESTER™ A S5TRMAI]

ABN: 50 B0 676 021

ds

A

Dry Density/Moisture Content Relationship Test Report

Sampling Method: WA 10041 Shieet 3 o 3
Repart Mo 16MABT-4T5 Reference Mo, Mot Applicebke Flgld Mg, Mot Applicable
Diate Sampled 120092018 Date Received 121082016 Diatess of Tast 291 1/2016
Frasant Use Exislirg Road Projact Mo,
Local Govl Authority City of Gosnells
Fioed Foosmbain | Iign'u_n]r Curing Meriod _
Saction Section & SLK 21.520-22.900 Stabiliser
(Duays) {Hrs) Added
Sample No. Location Degih (mm) Water Slabiliser i
16T Sechion & SLK 22 06% TO-135 Field - -
16M4TO Sachion 4 SLK 21.868 400+ Field - -
TEMAET4TE Saglion 2 SLK 21.62 1/5action 6 SLK 22.065 1 35401 Fiald -
Moisture Cortent [Z] wh 110,107 WA 110.2 Stabiliser Used Mot Applicabis
Fighg Descrighion  16MAT1 Basecourse CHE, 16M4T0 Subgrade Sand, 16MAET [ 472 Subbase Limesions
DD/ MC Relationship
2 400 T
2,300 ./’—/'_'—\ T a l 1
2.200 4 + + ]
Bz b N (S
g 2.000 1 | | |
1.900 E— - L | I
g | | |
1.800 { 1 i | |
1700 e .| T > —
1,600 §— | | | I (N
|
1.500
20 4.0 4] B0 100 120 140 160
Maoisture Content %
Sample Number 16Ma71 1GMaT0 ‘ 16MAETIT2 M
Tes! Methed WA 1331 WA 1331 WA 1331
Maximum Dry Density tm® 220 1.729 | 1.950
+
Oplimurn Maisture Contant %% 6.1 13.0 10,6
Perceniage Retained % wE5mm 0 | 0% visually all passing | =
Percentage Retained % 18.0 mm ) a 0% wisually all passing | 12
Comments  Distripulion Approved Signatory
THIM File Mo, 16/5005
Zia Rice (PE)  Austrailan Road Reasearch Board /
Mame P Brittan /1’\ ;
Function Project Officer
Diate TRAE017
Diocurmert; 71/05M 32,1 Issuwe G0H2015 TRIM.D1 44626358 BN AOADS Wastem Ausiraka
A Materials Enginsenng
Accreditad for compliance with ISCVEC 17028 JUiG Punch Laboralosy
NATA coRenTATION Ho, 1983 SITE No. 1982 59 Calin Jamieson Diiva
AV WELSHPOOL WA 5108
TECHRICAL Tel: {08) 9323 4744 Fax (0F) 8323 4765
L
o
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial

Sections

PRP16072

o nalnoac

ABN: 50880 576 021

CALIFORMIA BEARING RATIO OF REMOULDED SPECIMENS TEST REFPORT

WA 1411 Sampling Method: WA 1001 Sheet 1 of 1

1
Report Mo, 17MOS0-051 11 Reference No. Mot Anplicable Figld Mo, Not Applicable
Date Sampled  12/082016 Date Received 12/09/2016 Date/s of Test 24/02/2017

Local Govt Authariby
Road

Tonkin Highway Trial Investination SLK 21.5620 - 22 900 (PRP16040-WARRIF 1611) -

Compactive Effort Used in Moulding Specimen

Location S o
Prasent Lise See Field Description _
Project No. Crepth Various mm
Field Descriphion 17MO50 Limestone Subbasa, 17M051 BSL
Sample Mo. 17M0O50 17MO51
Condition Unsoaked Unsoakead
% Relained 19 mm Sieve WA 115.1 % 12 1
Material Retained 19 mm Sieve [Excluded/Replaced) Excluded Excluded
Maximum Dry Density vme 1.96 1.78
Optimurm Moisture Content % 10.5 12.0
Test Conditions of Specimen
Surcharging of Spacimen k| 450 | 4s0 |

Blows, layers, kg hammer

| 81 5 Tasa]17] 5 |27]

Zia Rice (PE) Australian Road Resaarch Board

Test Results
Dry Density
Specimen at Compaction vira| 1.86 | 1.69 |
Dry Density Ratio
Speciman at Compaction % | 55.0 | 950 |
|Moisture Content .
Specimen at Compaction % | 8.6 | 9.7 |
Top 30 mm Layer of Specimen After Panatration L2 7.4 a5
Ramainder of Specimen After Penatration e B.1 a1
Muoisture Ratio
Specimen at Compaction | a1.0 1 B0.5
Top 30 mm Layer of Specimen Alter Penetration %[  69.5 705
Remainder of Specimen After Panatration Ha T6.5 T5.5
Califoria Bearing Ratio Y 80 35
Panetration mm 5.0 5.0
Comments / Distribution Approved Signatory
TRIM File Mo, 1703 and 16/5005

i ——

See Report 16M467-475 for combinad MOD Results used for Mama P. Brittan
CEBR density and OMC values Function  Project Officer
Date 18/04/2017

DocumentTIS141,1 Is50e-2 TR0 S TRIMD1 43620396

Acciadied lor comphiance with ISONEC 17025

NATA ACCREDITATION Mo, 1989 SITE No, 1982

MAIN ROADS Weslam Ausiraka

Matariats Enginaaring
UG Punch Laboratary

5-8 Codin Jamieson Drive

WELSHPOOL Wa 8108

Tek (8) 9323 4744 Fayx: ((8) 5323 4766

o
v
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial

Sections PRP16072
A.1.1 Summary of Laboratory Testing
Table A 9: Tonkin Highway investigation: BSL test results
Mean in situ
D | Material | Moisture LS LL PL MDD OMC | CBR In situ nuclear | density at
(%) (%) (%) (%) (thm3) () (%) (%) density (tm3) | construction
(tm3)
T2 5.2 0 NA NP 1.81 1.84
BSL 1.78 12.0 35@
T4 1.6 0 NA NP 1.83 1.83
1 Section 2 and Section 4 BSL sample combined for density moisture curve, and CBR
2 CBR conducted @ 95% SMDD and 80.5% OMC
Table A10: Tonkin Highway investigation: BSL PSD
% Passing
Sieve size (mm) 12 |14 | Mean Mean PSD from
PSD construction report
26.5 100 | 100 | 100 -
19.0 99 98 99 100
13.2 94 94 94 -
9.50 92 92 92 -
6.70 89 89 89 -
4.75 85 86 86 80
2.36 79 80 80 -
1.18 74 75 74 68
0.600 63 64 64 -
0.300 43 44 44 -
0.150 13 13 13 -
0.075 3 4 4 _
Table A11:  Tonkin Highway investigation: CRB test results
Moisture In situ Mean in situ
. LS LL PL MDD oMC CBR nuclear | density at
ID Material content % o 0 1) 0 o . .
(%) (%) (%) (%) | (t/md) (%) (%) density construction
(tim3) (tim3)
T6 | CRB 2.1 0.4 20 NP | 232 6.1 - 2.20 2.20
-112 - January 2018




Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial

Sections PRP16072
Table A12:  Tonkin Highway investigation: CRB PSD
% Passing
Sieve size (mm) Mean PSD from
T6 construction report
19.0 100 100
13.2 89 -
9.5 75 82
6.70 62 -
475 53 49
2.36 40 35
1.18 29 26
0.600 22 19
0.425 19 16
0.300 16 14
0.150 1 10
0.075 8 7
0.0135 6 3
Table A13:  Tonkin Highway investigation: limestone subbase test results
Moisture . Meaq in situ
D | Material content LOS I;L F;L MDD ?MC (EBR In Slt!.l nuclear | density at.
(%) (%) | (%) | (%) | (tm3)M | (%) (%) density (t/m3) z:ttl):]:s;;ructlon
T2 53 0 NA NP 1.96 10.5 80 1.94 1.94
T4 | Limestone | 3.5 04 NA NP - 1.87 1.89
T6 38 0 NA NP 1.96 10.5 80 1.93 1.87

1 Section 2 and Section 6 limestone combined for density and moisture curve and CBR.
2 CBR conducted @ 95% MMDD and 81% of OMC.

arGb
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial
Sections PRP16072

Table A14:  Tonkin Highway investigation: Limestone subbase PSD

% Passing
Sievesize (mm) | ., T4 6 Mean PSD ?::;;ig:?:‘;po ,
75.0 100 100 100 100 100
53.0 100 100 95 98 100
37.5 99 98 93 97 100
26.5 96 92 90 93 100
19.0 89 89 85 88 100
13.2 82 84 79 82 -
9.6 78 80 75 78 86
6.7 7 75 71 72 -
475 67 72 67 69 78
2.36 60 66 61 62 73
1.18 57 61 57 58 70
0.600 50 55 50 52 63
0.425 42 46 41 43 52
0.300 32 31 29 31 38
0.150 17 16 14 16 17
0.075 12 12 11 12 13
0.0135 7 9 8 8 9
Table A15:  Tonkin Highway investigation: Subgrade test results
ID | Material Moisture (%) | LS (%) LL (%) | PL(%) | MDD (ttm3)® | OMC (%) CBR (%)
T2 14 04 NA NP 1.712 14.3 20
T4 | Sand 0.9 0 NA NP 1.739 13.0 -
T6 12 0 NA NP 1.732 14.6 20

1 Section 2 and Section 4 BSL sample combined for density moisture curve, and CBR.
2 CBR conducted @ 95% SMDD and 77% OMC.

Table A16: Tonkin Highway investigation: Sand subgrade PSD

% Passing
Sieve size (mm) | ) T4 6 Mean PSD :‘:":::t:lsczgrr’:po "
19.0 100 100 100 100 100
95 100 99 100 100 100
6.70 100 99 100 100 100
4.75 99 99 100 99 100
2.36 99 98 99 99 100
118 99 98 99 99 100
0.600 89 82 86 86 92
0.425 64 52 55 57 66
0.300 31 22 22 25 35
0.150 4 3 2 3 5
0.075 1 1 0 1 1
0.0135 1 1 0 1 1

arGb
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial

Sections PRP16072
B.1.1 Construction Specifications

® SPECIFICATION FOR CRUSHED ROCK BASE
General
All crushed rock base shall be quarmied granite only. The crushed rock base shall consist of a

e uniformly blended mixture of coarse and fine aggregate.

Cloarse aggregate (retained 4.75mm sieve) shall consist of clean, hard, durable, angular fragments
or rock preduced by crushing sound unweathered rock and shall not include materials which
break up when alternately wetted and dried.

o Fine aggregate (passing 4.75mm sieve) shall consist of crushed rock fragments or a mixture of
crushed rock fragments with natural sand. Crushed rock fine aggregate from each source shall,
except as to size, comply with all the provisions specified for coarse aggregate.

Crushed Rock Base

L] , . L s
The mixture of fine and coarse aggregate forming the rock base shall be free from vegetuble
matter, lumps of clay, overburden, or any other deleterious matter.

The crushed rock base shall meet the following requirements when tlested in accordance with
MRWA Test Method WA 115.1. The grading of material passing the 19.0 sieve shall vary from

o coarse to fine in a uniform and consistent manner. 1t shall not be subject to extreme or near
extreme pereentages of gradation represented by the maximum and minimum limits for the
various sieve sizes, and shall conlorm as closely as possible to the required target grading.

Requirement | MRBRWA Test

° Mecthod
Particle Size Distribution As per Table 1 WA 11512
Flakiness Index 30% maximum WA 2161
Los Angeles Abrasion Value 35% maximum WA 220.1 B

° Maximum Dry Compressive Strength 1700 kPa minimum WA 140.1
California Bearing Ratio (Soaked 4 days) 0% munimum WA 14]1.]

Liquid Limit {Cone Penctrometer) 25% maximum Wa 120.]
Lineur Shrinkuge 0.4% minimum WA 1235
2.0% maximum

L

®

L
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial

Sections PRP16072
L ]
AS Sieve % Passing by Mass Specified
Target Grading Grading
Limits
® B 26.5mm 100
19 0mm ' 100 us - 100
| 132mm ' 82 70 - 90
9.5mm 70 6l - 80
~4.75mm 0 a0 - 60
. C2%mm | 045
1.18mm 25 20 - 35
600um ST 13-27
T 425um 07 T 1-23
| 300um | N 8-20
 150um TR 5-14
. T 75um 8 S-11
Table 1

Particle Size Distribution Crushed Rock Base

®
The Dust Ratio defined as the ratio of the percentage passing by mass the 75um sieve to the
percentage passing by mass the 425um sieve, shall be within the range of 0.35 o (L6,
Stockpiling and Moisture Content

®
Crushed rock base shall be pre-wet 1o within -1% and +2% of the oplimum moisture content as
determined by MRWA Test Method WA 133.1. The moisture content shall be determined in
accordance with MRWA Test Method WA 110.1.

® Crushed rock base shall be thoroughly mixed with water using a pugmill 1o produce a
homogeneous product suitable for placement into final position. )
Where an order is requested hy the Superintendent Tor a specific muisture content, the erushed
rock base shall be pre-wet to within -1% and +1% of the requested moisture content. The
Contractor shall provide suitable cover for a days production where the material mixed at or

P helow aptimum moisture content would be affected by inclement weather in the stockpile.

®

®
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial
Sections PRP16072

] SPECIFICATION FOR BITUMEN STABILISED LIMESTONE
GENERAL

Bitumen stabilised limestone shall be produced by the addition of bitumen emulsion to crushed
limestone material. The limestone shall be obtained from a conforming rock source and shall he

* free of sand, roots and other foreign material, All materials used in the production of bitumen
stubilised limestone shall be approved by the Superintendent prior to the start of the mixing
process.

The bitumen emulsion used to modify the limestone shall comply with the requirements of

'Y Australian Standard 11640, “*Bitumen Emulsion for Construction and Maintenance of Pavements™,
for Grade ASS emutsion, The emulsifier vsed in the manufacture of the emulsion shall be Vinsul
resin, The bitumen used in the manulacture of the emulsion shall be grade ASS/50 bitumen
conforming o AS 2008, “Residual Bitumen for Pavements, Tenderers shall nominate the source
of supply ol hitumen enyulzion with their tender, Sources of supply shall nol be changed without
the approval of the Superintendent in writing. The Contraclor shall make arrangements for the

® Superintendent to sample the emulsion or any of its components at any time during normal
working hours, These arrangements shall include a means of identifying lots of emulsion or the
component material which will be used in the Waorks.

Any water added before or during the mixing process shall conlain @ wetling agent approved by
the Superiniendent and added at the appropriate rale.

®

Production Process

Tenderers shall describe with their lender the proeess they propose to use to produce bitumen
* stabilised limestone. Acceptunce of a tender shall imply approval of the nominated production

process which shall not be changed without writlen approval of the Superintendent.

The mixing process shall produce a homogeneous mixture of limestone, hitumen and waler in
which the bitumen is umformly distributed in the form of a thin film covering the particles of the
crushed limestone. Mixing shall be carried out as cither a batch or continuous process in an
. approved plant
This plant shall include measuring equipment which will determine the mass of bitumen
emulsion added w an known mass of crushed limestone at all stages of the mixing process. The
Superintendent’s approval of the Contractor's plant will be conditional on this cquipment being
capable of determining the mass of bitumen emulsion added to within plus or minus 10% of the
[ specified amount.

Surfacing Requiremenis

The compacted and approved bitumen stabilized limestone base shall be surfaced according to
the relevant specification tor stone and binder application rate.

MAIN ROADE Wesem Ausirls
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial
Sections PRP16072

Bitumen Content

The residual bitumen content of the stabilised limestone shall be determined by Main Roads Test
Method WA 73001 and shall have a residual bitumen content of not less than 2% and not more
than 3%.

]
Bitumen Dispersion
Compliance of any lol with this requirement shall be based on the results of the nssessment of 3
samples randomly selected Trom the lot being assessed and tested in accordance with Main Roads
® WA T17.1. All results should generally have a dispersion of Class 1, however the
Superintendent may agree (o aceept the material if one of the three samples has o dispersion of
Class 2.
Particle Size Distribution
[ ] The particle size distribution of the bitumen stabilised limestone after mixing and delivery shall
he determined in aceordanee with Main Roads test Method WA 73001 and shall comply with the
limits detailed below:
AS Sieve Percentape
b Passing by
Mass
26.5mm 100
19.0mm 90 - 110}
4.75mm 60 =90
e 1.18mm 35-75
Lis Angeles Value
The Los Angeles Value of the crushed limestone shall be determined using Main Roads Test
® Method WA 2201, with columns E, For G in Table 1 modified as follows:
. Test portion shall be half of thal reguired.
. Use only four balls for test.
. Number of revolutions shall be 250,
g The Los Angeles value as determined above shall be 200 min and 60% max.
Calecium Carbonate Content
The caleium carbonate content shall be determined using Main Roads Test Method WA 9151,
and shall be 60% minimum by weight.
®
®
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial
Sections PRP16072

Stockpiling and Muoisture Content

T'he stabilised limestone shall he stockpiled for at least three days before delivery to the site. The
muoisture content of the mixture shall be determined using Main Roads Test Method WA 11001
and shall have a moisture content of not less than 7% and not greater than 14% by weight,

* Sampling shall occur immediately prior 1o delivery and be sampled in the truck using Main
Roads Test Method 100.1. 1f a specific motsture content is ordered by the Superintendent, the
stabilised limestone shall be pre- wel to within £ 2% of this ordered moisture content.

CONSTRUCTION ISSUES
Sub-base Dryback Requirements

Basccourse construction shall mol commence unlil the sub-base has dricd back such that the
Characleristic Mowsture Content is less then $5%, of the Optimuom Maoisture Content sy
determined by MREWA Test Method 1331 “Dry Density/Maoisture Content Relationship:

L Muodified Compaction™.

The Characteristic Moisture Content {Me) is defined by the expression:

Mc = miilhss

Where m = average of 6 sample moislure conlent deferminations
5 = is the standard deviation of the 6 sample moisture content
determinations on the lot being assessed, caleulaled using the
following relationship and reported to the nearest 0.1,
L
8=
L]
Where; x, is an individual resuli -
X is the mean of n results
a1 is the number of results from one lot
b Surlace Finish
The finished basecourse shall be i a uniformly bound condition with no evidence of layering or
dizsintegration. The finished surface shall be dense, even textured, tightly bound, and suitable to
receive hituminous surfacing. The finished surface shall be maintained in its conforming
condition until the application of biluminous surfacing,
L
®
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial
Sections PRP16072

] Density

Bitumen stabilised limestone basecourse shall be compacted to a Characteristic Dry Density ratio
of 96%, or greater,

Basccourse Dryback

Bituminous surfacing of the section shail not commence until he basecourse has dried such that
the characteristic moisture content is less than 85% of the Optimum Moisture Content as
determined by Main Roads Test Method WA 1331 “Dry Density/Moisture Content
Relationship: Modified Compaclion™,

Malk ROADS Western Australia
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial
Sections PRP16072

[ ] SPECIFICATION FOR PLANT CRUSHED LIMESTONE
General
The limestone shall be obtained frum a conforming rock source and shall be free of sand, roots,
and other foreign malerial. The imestone shall be free of large elongated or flaky material aller
L passing the 26.5 mm sicve,

Particle Size Distribution

The particle size distribution of the crushed limestone shall comply with the limits detailed

® helow:
AS Sieve Pereentage
Passing by
_ Mass
® 26.5mm 1
14, Oimimy Q0 - 1000
4.75mm i) - 90
1.1 Emm I5-75
L
Las Angeles Value
The Los Angeles Value of the erushed limestone shall be determined using Main Roads Test
Method WA 2201, with columns E, F or G in Table 1 modified as follows:
o . Test portion shall be half of that required.
N Ll cnly Tour balls Tor test,
- Number of revolutions shall be 250,
The Los Angeles value as determined above shall be 20% min and 60™% maux.
® Calcium Carbonale Conient
The calcium carbonale content shall be delermined wsing Main Roads Test Method WA 0151,
and shall be 60%, minimum by weight.
L ]
L]
@
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072
B.2 Historic Performance Data
Table B 1: Falling weight deflectometer, 2006 Report No. 06 FWD 46/1 and 51/1 (MRWA 2006)
- e | E|E |E|E|E|E|E E Normalised to 700 kPa Normalised to 700 kPa
- B EE = | _ | = = = = = = 2 = 2 , )
E 5|z E E S| F = fI:,_ E % % fl;,_ E % - No Temp Correction Austroads 2004 Correction to 29C
T |8 |=® 2 S8 | |=| &g S S S S 8 8 8 5 = =
2 28] ° S |E|B|E |2 | |E |2 |2 |2 |2 2| 8. | 5. |8538| £ |g5|3z] £
g |E|5 2 5|9 |- |S |5 |5 |5 ||~ |5 || 8¢ EE |BS|EE| 5 |ES|gE| =
= & F T e |2 |= | |= |= | = - s £ EE |Z& |55 | = EE8 (55| =
S | & | & |3 |2 |8 |&|& |2 | < S S e8| g |8 S5 | g
11355 | 2 | EB | 2112006 45 W& | 75| am a7 190 33 102 & 71 63 41 0.3 0.12 0% | 038 098 | 012
11385 | 2 | EB | 2112006 45 W& | T4 | 43 282 185 127 % 81 &7 &l 41 043 0.15 0% | 043 09 | 0.15
11.375 | 2 | EB | 2112006 45 NE| 73| 4B n 179 122 o4 79 65 55 a0 042 0.15 0% | 042 09 | 0.15
11.385 | 2 | EB | 2112006 45 NE| 75| 4B 20 LI 113 g2 79 &7 55 38 0.41 0.16 09 | 041 09 | 016
11385 | 2 | EB | 2112006 45 0E| T4 | A0 25 175 122 95 8 68 55 38 0.40 0.14 0% | 040 058 | 0.
11405 | 2 | EB | 2112006 45 08| Te | 39 253 168 116 9 75 &1 53 3 0.38 0.13 09 | 038 09 | 013
11415 | 2 | EB | 2112006 45 0L | 75| ¥ 02 174 119 91 75 &l 0 32 0.3% 0.13 0% | 038 09 | 013
11425 | 2 | EB | 2112006 45 08| 74| ¥ 23 148 % 72 55 5 a7 35 0.% 0.14 0% | 0% 09 | 0.
11435 | 2 | EB | 2112006 45 04| T | M 225 153 10 91 a0 72 &7 a7 033 0.11 0% | 033 09 [ 0M
11445 | 2 | EB | 2112006 45 06| | 48 L 18 129 100 3 70 63 41 042 0.15 0% | 042 0.39 09 | 015 0.14
11455 | 3 | EB | 2112006 53 06| 72| B 32 69 125 98 &2 &7 55 K 0.3 0.12 0% | 0¥ 09 | 012
11465 | 3 | EB | 20112006 53 06| T8 | WM 4 UE] 113 105 &7 o] 62 K 0.3 0.10 0% | 0¥ 09 | 010
11475 | 3 | EB| 2112006 53 e | M| 15 23 A 13 1M & i % 35 033 0.10 0% | 033 0% | 010
11485 | 3 | EB | 2112006 5 06| T3] B 42 173 129 100 a2 65 M 32 0.35 0.11 0% | 0¥ 0% [ 0n
11495 | 3 | EB| 21172006 53 W0e | 74| 8 245 181 1% 108 %0 [ 63 3 0.% 012 0% | 0% 098 | 012
11505 | 3 |EB| 2112006 53 e | 7| B 252 183 138 108 g [X] 62 L1 0.% 0.1 0% | 0% 0% [ 0N
11515 | 3 | EB| 21172006 53 e | M| W 28 152 144 13 % 78 &7 a4 0.3 0.13 0% | 038 0% | 013
11525 | 3 | EB| 2112006 53 e | M3 N 258 188 138 11 93 [E] &5 42 037 0.1 0% | 0¥ 0% [ 0N
11535 | 3 | EB| 21120k 53 e | TE | 3\ 240 1 13 10 93 [E] 85 42 0.35 0.1 0% | 03 0.35 0% [ 0N 0.41
0585 | 4 | EB| 1W1172006 4 W0e | T8 | A 28 182 133 107 9 [E] &4 L1 0.3 0.13 0% | 038 0% | 013
0595 | 4 | EB| 19112006 4 e | TR | M 235 170 132 10 97 81 64 42 0.33 0.10 0% | 03 09 | 0.10
0els | 4 | EB| 19112006 4 e | TH| A e 159 124 1013 90 76 &5 42 0.31 0.08 0% | 03t 09 | 008
ety | 4 | EB| 19112006 4 e | TH | W 45 69 124 100 8 1 &1 40 0.35 0.11 0% | 03 09 [ 0N
0625 | 4 | EB| 19112006 4 06| TA | W 171 124 100 85 64 &1 38 ] 0.13 0.13 0% | 013 09 | 013
0635 | 4 | EB| 19112006 4 e | e | 3 243 170 129 106 90 [E] &4 40 0.35 0 0% | 03 09 [ 0N
064y | 4 | EB| 191172006 4 e | M| M 238 12 130 108 93 i &5 41 0.3 0.10 0% | 0¥ 09 | 0.10
0655 | 4 | EB| 19112006 4 e | T | M 41 170 129 106 92 76 g5 43 0.3 0.10 0% | 0¥ 09 | 0.10
ey | 4 | EB| 191172006 4 e | Te | M5 235 165 129 108 e 78 &7 43 0.3 0 0% | 0¥ 09 [ 0N
0675 | 4 | EB| 191172006 44 W0e | 75| 33 42 173 13 % 82 71 a4 0.3% 0.12 0% | 0% 098 | 012
0685 | 4 | EB| 191172006 44 e | 73| 4B 280 197 150 122 05 & 75 a4 0.40 0.12 0% | 040 098 | 012
1068 | 4 | EB | 19112006 a4 06| 708 | 485 4 207 157 125 % 85 T2 41 043 0.14 0599 | 043 0.34 088 | 014 011
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072

B £ E E E E E E E E Normalised to T00 kPa Normalised to T00 kPa
= 5 E a E = = = = = a2 = = No Temp Correction Austroads 2004 Correction to 29C
E |3l AN N - - - A - e my s
5 [3l5 55 |3 2|2 |2 |22 |2 |2 |2 || B e |5 |83 5 | % |E3| %
7 EF 0T s s s (3|55 |5 |35 2| & | & |[& 33§ |:|358]3
S | &8 | & | &2 |83 |&8 |& |& |& ) S i & 5 &
11535 | 2 |WB| 26112006 46 Mo | T5 | 37 | 233 | 175 | 137 | 12 % 8 T 45 033 0 0% | 032 088 | 009
T1EE | 2 |WB| 28112006 45 Mo | T | 359 | 247 | 183 | M 114 ar 8 '] 45 036 0 0% | 0.4 085 | 010
1515 | 2 |WB| 26112006 45 Mo | TO3 | 40 | 29 | 1% | ¥W9 | 19 | 100 &2 T2 4 04 013 0% | 0.3 085 | 012
TES | 2 |WB| 261172006 46 M6 | T08 | M6 | 2% | 181 L7 I I 1T ] T3 71 L] 038 013 0% | 03% 088 | 012
11495 | 2 |WB| 26112006 465 Mo | T05 | 32 | 24 | 188 | 143 1] ar T4 ] 40 038 013 0% | 0% 088 | 012
11485 | 2 |WB| 261172006 46 Mo | T | 37 | 243 | 17 | 1M 08 91 ! 63 k1) 036 012 0% | 04 085 | 011
1475 | 2 |WB | 2112006 45 Mo | TR | 35 | 252 | 10 | 4 g | 100 ™ ] 4 0.3 011 0% | 0.4 085 | 010
11465 | 2 |WB| 26112006 45 Mo | T3 | 46 | 28 | 185 | W7 5 ar I (] 43 04 0.13 0% | 0.3 085 | 012
11455 | 2 |wB| 261172006 46 Mo | TI0| 30 | X0 | 1% 40 @ T 71 43 038 013 0% | 0% 0.36 088 | 012 041
1445 | 3 |wB| 26112006 5 04| T07 | 4 | M5 | 1w 451 g | 1w M T3 & 043 0.15 0% | 04 089 | 013
11435 | 3 |WB| 28112006 5 4| TI0| 4| m | e | 133 | 12 00 ar [ 5 0w 012 0% | 0% 089 | 011
11425 | 3 |WB| 26112006 5 4| TR | 4| 2| W | 15 B5 74 i3] % K] Ik} 0.14 0% | 0% 08% | 013
1415 | 3 |wWB | 261172006 5 04|76 | 39| 2 | B | 18 € T4 ] h1 L] 033 0.11 0% | 032 089 | 010
11405 | 3 |WB| 26112006 5 AT | W | M | M| 1% | ] 5 7 M 036 0.11 0% | 035 089 | 010
11385 | 3 |wB| 261172006 5 0na| 4| 7| M 165 | 12 ] &% [E] ) M 0w 014 0% | 0% 089 | 013
11385 | 3 |wB| 2112006 5 4| T2 &2 | &9 | W 133 | e a T8 o7 M 042 0.15 0% | 040 089 | 013
1375 | 3 |wWB| 28112006 5 4| TI0| a2 | 235 | B | 18 % 85 T3 ] 43 04 0.15 0% | 0.3 08% | 013
11365 | 3 |wB| 261172006 53 04| 73| M7 | M| 1B | 1M % M T1 &7 L] 04 014 0% | 03 089 | 013
11355 | 3 |wB| 26112006 5 04|08 | A2 | B | OITH | 1% | 100 &% T3 4] M 042 0.15 0% | 040 037 089 | 013 0.42
e | 4 |WB | 26112006 44 5| T08 | 24 | w8 | 130 | 108 ] [ i 5 k) 02 00 0 | 020 085 | 003
0685 | 4 |WB| 2112006 44 5700 | 28 | 169 | 128 05 ik} & 72 o M 023 006 [ 085 | 005
W0ere | 4 |WB| 2112006 44 5| 74| 2% | w5 | 15 % Bo T '] o M 02 006 0% | 0 085 | 005
0EES | 4 |WB| 26112006 4 5| T8 | T | W5 | W 0 a3 & T 62 4 0 009 09 | 05 085 | 008
10655 | 4 |WB| 261172006 4 75| T8 | %1 171 2% 00 B5 [E] 4] 5 K] 025 009 09 | 01 085 | 008
0845 | 4 |WB| 28112006 44 5| T3 | M5 | @) | 18 a9 B '] 6 M k) 024 0.08 0w | 03 085 | 007
0635 | 4 |WB| 26112006 44 5782 | M5 | W | 122 a7 B2 T2 i3] % K] 024 0,08 0 | 03 085 | 007
0625 | 4 |WB| 261172006 4 5|70 | M | 182 | 116 91 8 o] 1] M W 024 0.08 09 | 03 085 | 007
0615 | 4 |WB| 26112006 4 5|74 23 | 153 | 1M €N 79 ] b1 5 K] 023 008 09 | 0» 085 | 007
e | 4 |WB| 26112006 4 5| 718 | 285 | 1% | D ] o1 I 7 &l 40 028 009 09 | 0% 085 | 008
M55 | 4 |WB| 2112006 44 g5 (77| 33| 2| W 3 % & ] o1 40 033 011 0% | 03 085 | 008
0585 | 4 |wWB| 261172006 4 57| W6 | 238 | 19 7 u 81 2] b1 4 037 014 09 | 035 0.4 085 | 012 0.07
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072

Table B 2: Falling weight deflectometer, 2007 Report No. D00001A (WGEOG 2007)

£ E E E E E E E E Normalised to 700 kPa Normalised to 700 kPa
= EE a E = = = = = = = = Mo Temp Correction Austroads 2004 Correction to 20C
— = = = = = = = = = = P
E |5z FE 5|z |2 |2 |2 3|2 |5 |2 |2 —= = . -
AR EE (S| |2 ||| |2 |22 8| ¢ SO |8E|E8| 5 |EE|EE| O3
= gF | “ s |l=|=|=|=|=|=|=|2 H 5 SCless| 3 |E5L|3 5| 3
S |8 | & |& |8 | & | & |8 |3 3 S a |7 B
M5% | 2 | EB| 18032007 53 280 7O u ) 188 143 105 75 5 - 0.3 015 00 | 039 ] 015
M52 | 2 | EB| 18002007 5 280 700 | 402 247 190 143 103 72 ] - 0.40 0.16 00 | 040 ] 0.16
N55 | 2 | EB| 1800007 5 280 6% | 455 28 218 158 12 71 B - - 046 017 o) | 04 0 017
NAE | 2 | EB| 18032007 53 280 T0O | 459 254 185 136 8 o 5 - - 046 0.2 100 | 046 1.01 0.2
4% | 2 | EB| 18032007 53 280 659 | 429 27 192 143 % 63 58 - 043 017 100 | 043 1.0 017
485 | 2 | EB | 18002007 5 280 658 [ 412 242 183 13 o bz] bz] - 041 017 100 | 041 1.0 017
1475 | 2 | EB| 18002007 1] 2800 702 | 408 2% a3 152 105 75 5% - 041 015 100 | 041 10 015
1465 | 2 | EB | 18032007 53 2800 659 | M9 27 209 152 104 66 ] - 0.45 0.18 100 | 045 1.0 0.18
M4% | 2 | EB | 18002007 5 280 698 | 439 29 an 145 % B 63 - - 044 017 100 | 044 043 1.0 017 047
11445 | 3 | EB | 18002007 L 25| 6% | 472 I 00 23 3 i 65 - - 047 020 103 | 049 1@ | 02
M43 | 3 | EB| 18032007 L 285 700 | am2 23 175 M 110 82 68 - - 0.37 0.14 100 | 037 1.01 0.14
N4 | 3 | EB | 18002007 L 285 6% | 383 213 153 & 8 b o - - 0.39 017 100 | 039 1.0 017
45 | 3 | EB| 18002007 L 5| T | 3 176 110 2 73 b1] A - - 03 015 100 | 033 10 015
405 | 3 | EB| 18032007 L 85| T0 35 27 156 0 9 % 1 - - 0.35 013 100 | 035 1.01 013
N3 | 3 |EB| 18002007 L 285 700 | 459 2 73 ¥ % ] 41 - 046 0.2 100 | 046 1.0 0.2
N3 | 3 | EB| 1800007 L 5| T2 | 438 253 ) X 101 ] B - - 044 018 100 | 044 1.0 019
N5 | 3 | EB| 18032007 L 85| T3 [ M5 2% 166 126 % £9 ] - - 0.41 0.18 100 | 041 1.01 0.18
Nk | 3 |EB| 18032007 L 285 700 | 42 255 185 % 92 &7 % - 043 017 100 | 043 1.0 0.18
N3 | 3 | EB| 180007 L 285 T0O | 451 2 193 X % 73 60 - 045 018 100 | 045 041 1.0 018 0.18
1069 | 4 | EB| 180072007 LE] 35| 688 [ 165 o] L] o] L] B K] - 017 0.07 097 | 016 0% | 0le
1068 | 4 | EB| 18052007 LE] 35| 6% T 0 83 T 61 43 il - 017 0.07 0% | 0% 0% | 0le
1067 | 4 | EB| 180372007 LE| BE| T3 [ 17 92 72 ] ] a4 a4 - 017 0.08 0% | 07 0% | o0a
1066 | 4 | EB| 180372007 LE] b5 | 6% | 195 9 78 T 61 W kN - 0.2 010 0% | 019 0% | o0e
1065 | 4 | EB| 180372007 4 5| 702 T 91 T 63 52 41 K] - 0.18 0.09 0% | 07 0% | o008
1064 | 4 | EB| 180372007 LE] 35| 6% 92 101 T3 ] % B 0 - 0.19 0.09 097 | 019 0% | 008
1063 | 4 | EB| 18032007 LE] 5| 700 a3 100 72 70 b1] LE] LE] - 019 008 0% | 019 0% | o0e
1062 | 4 | EB| 18032007 LE] 35| T00 | 187 % 72 62 o K] k) - 0.19 0.9 09 | 018 0% | o008
1061 | 4 | EB| 180372007 LE] 5| 700 | 164 &% ] ] b W ol - 0.16 0.08 097 | 016 0% | oo
06 | 4 | EB| 18032007 LE| BE| T2 | 23 126 % 73 b1 45 LE| - 0z 010 087 | 022 0% | o0d
1059 | 4 | EB| 18032007 LE] 5| 70| 33 154 0 ] &7 LI 43 - 0.32 017 097 | 0.3 0% | 016
1056 | 4 | EB| 180372007 LE] 5| 700 | 3T 166 7 &% 69 a7 28 - 0.32 015 097 | 0.3 0.20 0% | 04 0.09

arGb

-124 - January 2018



Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections

PRP16072

Table B 3: Falling weight deflectometer, 2007 Report No. 07 FWD 79/1 (MRWA 2007)

E B B B E E E E E Normalised to 700 kPa Normalised to 700 kPa
£ = E | s | s | | & | & | & | & | = . .
. [= B E a = = = = = = = = 2 No Temp Correction Austroads 2004 Correction to 29C
Elels| ., |ES Elz ||l R R R R EIE =T 2 - .
i |5|5 E 58| |2 2|22 |22 || £ S o |eglgE| s |E:El|EE| s
= EE |@ 2 |z |2 | = |= |= |= | = |2 2 s 2|88 % (3-|8&| B
S | & | & | & | & |[& |& |[& |3 3 3 @ @
NA% | 2 |wB | 18032007 L He| 2| 3\ 244 187 149 122 104 85 73 LE] 0.3 0.09 02 0.3 M [ 008
1525 | 2 |WB | 18032007 L 58| TD | M8 243 1 152 124 105 86 i 45 03 0m 02 035 1 | 009
N55 | 2 |we | 1803200 L 58 T | 406 288 218 169 135 13 a0 i a7 040 012 102 041 1M | 013
NAE | 2 |wB | 18032007 L 58| T | 39 23 192 146 114 W 5] o] an 0.38 01 1.02 0.39 14 | o
N4% | 2 |wB | 18032007 L 58| 70| 31 x5 203 138 ik 106 85 L 4 037 o 1.02 0.38 14 | o
11485 | 2 |wB | 18002007 L 258 T3 | k8 255 190 145 19 % 8 68 4 0% 01 102 0y 1M | o
NA475 | 2 | we | 18032007 L 58| T | 380 20 03 160 130 [1:] &7 74 K] 0.3% 0.10 1.02 0.37 14 | 010
M4eh | 2 | wB | 18002007 L 58 Te | 3 281 211 163 130 o7 85 L 43 0.39 o 1.02 0.40 14 | o
N4% | 2 |wB | 18032007 L e R A 4 6 157 124 103 82 69 a7 0.3 01z 102 0.40 037 1M [ 013 011
1445 | 3 | we | 18032007 53 3| 703 | 430 pct} 212 163 13 116 % 8 52 043 0.14 1.01 0.43 102 04
M43 | 3 |wBe | 18002007 b Wi e | M5 250 187 149 125 0 W 83 ] 0.4 0.09 1.01 0.3 12 00g
425 | 3 | wB | 18002007 5 Iy M| 3, ) 162 124 105 a2 78 69 43 03 01 1.0 033 102 | o
45 | 3 |we | 18032007 53 Wy Tz 280 19 K] 106 89 79 &7 &1 4 0.27 0.08 1.01 0.27 102 | 008
M40 | 3 |wB | 18032007 53 Wy | Te | 35 29 171 132 108 W 76 69 43 0.31 0.08 1.01 0.31 102 | 008
N3 | 3 |wB | 18030 5 Iy TH | M3 244 LI 136 10 o] 8 i 45 0 010 1.0 oM 102 | 010
N3 | 3 |wB | 1803200 1] Wy My W 25 192 143 116 [14] B 7?2 a7 037 01 1.0 0y 102 | o
NI | 3 |wWB | 18032007 53 Hy| | s 254 178 133 109 9 80 72 43 037 012 1.01 037 12 | 01z
Nk | 3 |we | 1803200 5 My 708 | 36 27 19 141 m W 78 or 4 0.3 o 1.01 0.38 02 | on
M3 | 3 |we | 1803200 1] 3| 68 | 403 I 189 13 9 8 70 a7 040 013 1.0 0.40 0.36 10| 01 0t
106% | 4 |wB | 18032007 LE] MO TE | 4 106 &% 74 65 ] 52 a7 32 0.14 0.4 0.98 0.14 095 | 004
10680 | 4 |wB | 18002007 LE] MO TR 153 1 &% 5] ] 62 % 52 k'] 0.15 0.05 0.98 015 095 | 008
10670 | 4 | wB | 18002007 LE] MO TE | 4 2 L] 65 b1 5% 52 45 B 014 004 0% 014 08 | 0
10680 | 4 |wB | 18032007 LE] Mo T 1M 103 &2 70 64 ] 53 49 k3] 0.15 0.05 0.98 015 095 | 008
10650 | 4 |wB | 18002007 LE] MO 7| 153 ] L] ol ] ] 50 LI M 0.15 0.05 0.98 015 095 | 008
10640 | 4 | wB | 18002007 LE| Mo THE | 1% 103 ] 67 60 ] 45 45 1 015 0.05 0% 015 08 | 006
10630 | 4 |wB | 18032007 LE] MO TEH | 15 10 8 ] ] 5% 50 a7 k3] 0.15 0.05 0.98 015 095 | 008
10620 | 4 |wB | 18032007 LE] MO TR | W 9 45 od 4 52 a7 43 32 0.15 0.05 0.98 015 095 | 008
10610 | 4 |wB | 18002007 LE| MO T | 150 % L 65 bz] M 45 45 M 014 0.05 0% 014 08 | 006
1060 | 4 |wB | 18032007 LE] MO TH | W 126 9 B 71 65 5% b1 B 018 0.06 0% 018 09 | 006
1050 | 4 |wB | 18032007 LE] M| TH | X6 174 122 93 5] 66 4 52 ¥ 0.2 0.09 0.98 0.25 094 | 008
10580 | 4 (w8 | 18032007 LE] T N T O 192 132 % 78 ] bl | B 0.28 010 098 0z 047 0% | 009 0.05
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections

PRP16072

Table B 4: Falling weight deflectometer, 2008 Report No. 08 FWD 190/1 (MRWA 2008)

PO E E E E E E E E E MNormalised to T00 kPa Normalised to T00 kPa
—_ = =2 E =% = = = = = = = = = . .
E 5 s E— ,E E E .-é. N"E M"E "*_E_ LH_E_ "__é_ F‘__I_z-__ % E Mo Temp Correction Austroads 2004 Correction to 20C
= 5| S & S & = | = | £ s s s s s s s 5 E £ E =
E2|E| = |EE E|E|f |22 |2|2|2|2|8| ¢ R E R
2 |E|T tE |2 ||z |2 |=|=]|=|=]= £ S (EEZ|EE| 5 |EE|EE| s
Elz|=z|z|=|=|z|=z|s5| 2 E [EF|5E 2 55185 3
1.450 2|EB TN 2r2008 45 357 | 705 A0 9 202 150 16 97 i 65 43 047 014 0968 | 0404 0925 | 0130
1.460 2|EB TN 2r2008 45 359 | %8 385 268 198 151 19 100 81 %] 47 0.3% 0127 0967 | 0383 0923 | 0118
1.470 2|EB TN 22008 45 36.0 | 707 I 264 195 7 116 u T4 61 35 0.387 0125 0966 | 0.374 0922 | 0115
1.480 2|EB TN 22008 45 64| T4 A5 e 19 150 19 k] 78 LT 35 0.407 0137 0965 | 0393 0919 | 0126
1.490 2|EB TN 22008 45 364 | 70D 408 .o 200 153 120 % 9 LT 41 0.408 0137 0965 | 0393 0919 | 0126
1.500 2|EB TN 22008 45 368 | 702 41 280 206 159 128 o7 6 T2 43 0.420 0.140 0963 | 04N 0915 | 0128
1.510 2|EB TN 22008 45 39| T 464 9% 212 157 i) 04 85 73 45 0483 0167 0962 | 0446 0914 | 0153
1.520 2|EB TN 252008 45 368 | 98 432 290 215 165 133 109 M 5 415 0433 0142 0963 | 07 0913 | 0130
1.530 2|EB TN 252008 45 BE| T 408 74 206 139 129 109 i ] 5 a7 0.407 013 0963 | 0392 09s | 0122
11.540 2|EB T 252008 15 B8 | 70D 475 308 29 130 116 100 M T4 45 0475 0167 091 | 045 | o406 | 0907 | 0151 | 0130
11.330 3EB T 252008 53 2| T3 442 27 pull 142 12 88 0 63 k] 0.440 0144 0970 | 0427 0927 | 0133
11.360 3EB T 22008 53 L ] A7 3 20 143 109 £ T3 o5 40 0487 0.166 0.970 | 0453 0927 | 0134
11.370 3EB T 22008 53 HE | 5% 470 314 2 ity 105 a7 T2 63 k] D472 0157 0967 | 0457 0920 | 0.145
11.380 3EB T 22008 53 e 468 32 213 149 114 9% 9 ] 13 0.456 0.13% 0.9:8 | 0451 0921 | 0,143
11.390 3lEB T 22008 53 M4 T 487 1] 205 142 109 92 v 55 40 0.484 0177 0,959 | 0459 0925 | 0,163
11.400 3lEB T 22008 53 HI| T A7 300 19 140 106 87 T 61 k] 0.483 0.165 0970 | 0449 0926 | 0,153
11.410 3|EB T2r2008 53 e | T 451 316 209 145 110 90 T2 61 35 0.478 0164 0.968 | 0453 05922 | 0152
11.420 3|EB T2r2008 53 M6 | 705 432 285 185 123 B89 T a7 50 34 0.429 0145 0.968 | 0415 0522 | 0134
11.430 3|EB T2r2008 53 348 | 7B 404 251 165 15 93 83 TG T 51 0.400 0.152 0.967 | 0387 0520 | 0.140
11.440 3|EB T2r2008 53 48| T 512 320 212 145 115 95 T3 ] a4 0.508 0,191 057 | 0431 | 0446 | 0520 | 0175 | 0149
10.550 4|1EB T2r2008 a4 225 | 659 360 254 179 138 110 93 T &7 a0 0.360 0106 1.028 | 0370 1073 | 0114
10.600 41EB T 252008 44 32| 6% 344 243 176 135 110 W T8 &7 47 036 0102 1026 | 0355 1069 | 0109
10.610 41EB T 252008 44 3T | 698 78 261 182 136 107 89 T2 62 35 0.379 0117 1.024 | 0388 1062 | 0124
10.620 41EB T 22008 44 234 | 6% 389 265 182 1 105 87 0 60 35 0.3%0 0124 025 | 0400 1066 | 0132
10.630 41EB T 22008 44 237 | 698 337 238 173 133 108 92 76 65 41 0.338 0100 1024 | 0.36 1062 | 0.106
10.640 41EB T 22008 44 239 | 6% 356 248 179 1 107 90 T3 62 ] 0.357 0108 1023 | 0365 1059 | 0115
10.650 41EB TN 2r2008 44 309 | 706 351 38 173 136 13 97 52 70 45 0.348 011 0550 | 0344 097 | 0109
10.660 41EB TN 2r2008 44 38| 703 359 243 177 138 114 100 53 T 45 0.357 0116 0986 | 0352 0967 | 0.112
10.670 41EB TN 22008 44 323 | 699 02 78 200 155 126 107 53 T a7 0.402 0124 05984 | 0.3% 0962 | 0.119
10.680 41EB TN 22008 44 34| 99 468 I 219 169 135 114 92 i 43 0.458 0157 0588 | 0463 0972 | 0153
10.690 41EB TN 22008 44 321 | 703 433 281 19 152 172 103 84 T 35 0432 0152 0985 | 0425 094 | 0146
10.700 41EB TN 22008 44 3T | 70D 427 285 215 168 13 113 89 T4 41 0.427 014 0987 | 0421 | 0385 | 0969 | 0137 | 0123
ar@b
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072

- E E E E E E E E E Normalised to T00 kPa Normalised to T00 kPa

= EE & ;g E E E % a E E E %_ E ;:_‘_ E Mo Temp Correction Austroads 2004 Correction to 20C

= = | .8 @ - e S = = = = = = = = = - - -

cE £E | ° s |z |z |z ||| |=2|2 E g 225 € |g €55 £

S |l & | & | & | & | & | & | &8 |2 = S = & | || &

11.540 2\WB | 14122008 45 219 T | 352 24 185 145 18 100 81 69 43 0.350 0111 1057 | 0354 1103 | 0.z2
11.533 2(we | 141272008 45 222 ToE | 332 233 180 143 118 [0y &2 T 44 0329 0.096 1.033 | 0,339 1.089 | 0.107
11.523 2(we | 141272008 45 219 | 71 412 284 208 128 125 105 85 T3 43 04 0128 035 | 0426 1.0683 | 0.140
11513 2\WB | 1471272008 45 217 | 706 | 401 269 200 153 121 K 79 67 41 0.358 0.131 1.086 | 0.412 1.067 | 0.144

503 2(we | 141272008 45 220 T [ 444 s 2] 213 165 131 08 &4 T 43 0.442 0144 1.034 | 0457 1.082 | 0158

493 2\WB | 14122008 45 27| Y06 | 366 258 198 153 122 i} 80 &7 A0 0.362 0.106 1.086 | 0.376 1.067 | 0.116
11.483 2\WB | 1471272008 45 216 | v02 | 395 278 210 63 131 [is] 85 T 40 0.354 0117 1.067 | 0.408 1.068 | 0.128
11.473 2(we | 141272008 45 215 88 | 7B 28 ) 127 124 2 &1 &7 Al 0.378 0.110 1.037 | 0352 1.100 | 0.121
11.4583 2\WB | 14122008 45 2.0 | v02 | 366 252 190 1y 18 ] 79 68 44 0.365 0.113 1.086 | 0.378 1.067 | 0.124
11.453 2(we | 141272008 45 214 700 | 383 27 203 155 123 0 &0 &7 43 0.383 0.116 1038 | 0358 | 0395 [ 1702 | 0128 | 0129
11.442 Jfwe | 14122008 53 23700 [ = 261 &0 133 109 % &2 72 a7 0.3 0.130 1.037 | 0406 1102 | 0144
11.432 J|WB | 141272008 53 225 v02 | 362 248 178 132 o7 92 T8 69 47 0.361 0.114 1.086 | 0.374 1101 | 0,126
11.422 3fwe | 141272008 53 226 TM | 358 245 170 123 98 &4 69 55 39 0.355 0122 1.035 | 0379 1.05% | 0135
11.412 3|wWB | 14122008 53 228 | YOO 381 245 173 129 04 89 T4 63 A0 0.361 0.116 1034 | 0.374 1.065 | 0127
11.402 J|WB | 141272008 53 25 T4 | 385 268 188 138 [:] 93 I 67 42 0.393 0127 1.086 | 0.407 1.101 | 0,139
11.382 Jfwe | 14122008 53 227 T A03 75 154 144 4 % 80 2] 43 0.402 0123 1.034 | 0418 1.067 | 0137
11.382 3|wWB | 14122008 53 230 voz | 447 300 206 145 3 95 T 65 41 0.445 0147 1.083 | 0.451 1.062 | 0.161
11.372 3fwe | 141272008 53 233 88T | 4% 282 195 141 08 90 74 64 41 0427 0144 1.031 | 0441 1.088 | 0157
11.382 Jfwe | 14122008 53 229 | 883 | 453 308 216 155 I a7 79 &7 43 0438 0147 1.033 | 0473 1.084 | 0,160
11.352 J|WB | 141272008 53 229 694 | 4% 29 204 148 2 93 I 67 42 0.450 0.159 1033 | 0475 | o420 | 1054 [ 0974 | 0146
10.700 A(wWB | 141272008 4 2rT | Toz | 284 189 a3 17 0 89 v ] 43 0.283 0.054 1.005 | 0.285 1.014 | 0086
10.6G0 4{WB | 14122008 44 | voe | 252 1 sl 105 89 78 65 5 35 0.245 0.080 1.008 | 0.250 1.020 | 0.081
10.680 4(we | 141272008 44 2r0) Toe | 220 154 2 o7 92 81 73 &7 46 0.219 0.066 1.008 | 0.220 1.021 | 0,067
10.670 4(we | 141272008 4 268 700 | 242 164 % [k 9 g2 T3 [ 43 0.242 0.079 1.00% | 0.245 1.024 | 0.081
10.660 4{WB | 141272008 44 T3 698 | IT3 w2 30 [ 89 80 B 60 38 0.274 0.102 1.007 | 0.276 1018 | 0,104
10.650 A(we | 141272008 4 265 T a4 179 33 5 &5 79 &7 55 39 0.274 0.054 1.010 | 0276 1.027 | 0.087
10.640 4(we | 141272008 4 a3 or | 169 128 109 ] i 3 28 ) 0.248 0.081 1.007 | 0.250 1.018 | 0.082
10.630 4(WB | 141272008 44 273 7o 238 162 12 97 83 73 63 5% 38 0.237 0.075 1.007 | 0.239 1.018 | 0.0F7
10.620 4(we | 141272008 4 a3 oesE | 2 165 2 ] 83 73 52 M % 0.252 0.085 1.007 | 0.254 1.018 | 0.087
10.610 4{WB | 14122008 44 UG VG I Y 149 10 90 82 T 63 5 39 0.225 0.077 1.006 | 0.226 1.016 | 0.078
10.600 A(we | 141272008 4 2rg | Yoo | 284 197 142 1 91 79 &7 58 39 0.284 0.088 1.005 | 0.286 1.013 | 0.089
10.5%0 4(we | 141272008 4 3| esr | 322 215 124 118 98 L 7 &1 Al 0.324 007 1008 | 0328 | 0267 [ 1021 | 0008 | 0087
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072

Table B 5: Falling weight deflectometer, 2011 Report No. 11 FWD 337/1 (MRWA 2011a)

. c c c c c c c E Normalised to 700 kPa Normalised to 700 kPa
_ o E € a E gE gE gE gE gE é gE é No Temp Correction Austroads 2004 Correction to 29C
E|5|s s Elg 3|2 12 2|2 |2 5 12|8 < - 3 _
s |E|§| 2 |FE|s|:|2|3|8|8|8|B|B|B|8| £ E |s.lzs| E| & |ge| B
BT =3 |s|8|S|s|s|ls|ls|s|e|2|2| s e |ZF|EE s | ¢ |EE 3
E F sl Slzlz|z|lz|z|2) = 3 : olz€|53 5|8 |55 3
2| % | Z|% |2 |8 2|2 | 8| = 5 g5 °° &
5]
15.800 Z[EB| 1M172011 45 287 | 697 | 450 | M8 | 220 | 185 | 124 | 104 83 69 45 0492 0173 1001 | 0493 1003 | 0173
15.810 2[EB| 11172011 45 283|701 | 375 | 271 | 202 | 151 | 118 | o7 78 64 39 0.375 0.104 1003 | 0.376 1.008 | 0.105
15.820 2[EB| 11172011 45 283|698 | 407 | 280 | 205 | 150 | 116 | 95 76 62 36 0409 0128 1003 | 0410 1.008 | 0129
15.830 2(EB[ 1M1/201 46 283 | 695 | 357 | 274 | 203 | 154 | 122 | %9 81 67 39 0.399 0124 1003 | 0.400 1008 | 0124
15.840 2(EB[ 1M1/201 46 283 | 699 | 442 | 302 [ 221 [ 181 | 1256 | 103 | 84 0 42 0443 0.140 1003 | 0444 1.008 | 0141
19.850 Z[EB| 1M1201 45 283|700 | 421 | 285 | 200 | 148 | 113 | 83 76 62 40 042 0.136 1003 | 0422 1.008 | 0137
19.860 Z[EB| 1M172011 45 283 701 | 481 | 308 | 221 [ 181 | 122 | 100 | 82 68 40 0460 0.1 1003 | 0461 1008 | 0152
15.870 Z[EB| 1M172011 45 283 | TOD | 451 | M2 | 228 [ 170 | 134 | 111 92 76 45 0451 0.140 1003 | 0453 1008 | 0141
15.880 2[EB| 11172011 45 284 | 700 | 405 | 287 | 216 | 184 | 131 | 110 | 9 76 45 0405 0.118 1002 | 0406 | 0.429 | 1007 | 0119 | 0.136
15.700 3|EB| 1112011 49 250 | 702 | 475 | M4 | 214 | 147 | 108 | 86 70 60 38 0473 0.160 1000 | 0473 1.000 | 0.160
15710 3|EB| 1112011 49 250 | 695 | 453 | 32 | 209 | 143 | 105 | 85 [} 59 a7 0465 0.1 1000 | 0465 1.000 | 0.1
18.720 3| EB| 111201 49 289 700 | 500 | 325 | M4 [ 147 | 1N 92 76 65 4 0.500 0173 1000 | 0.500 1.001 | 0173
18.730 3| EB| 111201 49 288 | 698 | 453 | 307 | 212 | 150 | 115 | %6 81 69 42 0454 0.146 1001 | 0454 1.002 | 0145
15740 3| EB| 1112011 45 250 | 897 | 477 | 320 | 218 | 150 | M7 | o7 81 69 4 0479 0157 1000 | 0479 1.000 | 0157
15.750 3| EB| 1711201 49 300 | 697 | 473 | 314 | 2098 | 144 | 108 9 ] 64 38 0475 0.159 0594 | 0472 0986 | 0157
15.750 3|EB| 1711201 49 289 | 698 | 473 | M7 | 214 | 151 | 115 | o4 78 65 38 0475 0.157 1000 | 0475 1.001 | 0157
15770 3|EB| 1112011 49 289 698 | 451 | 301 | 201 [ 134 | S8 78 64 54 35 0453 0.1 1000 | 0453 1.001 | 0.1
15.780 3|EB| 1112011 49 250 | 701 | 440 | 282 | 187 | 128 | 100 | 85 ] 68 48 0440 0.158 1000 | 0.440 1.000 | 0158
18790 3| EB| 111201 49 250 69% | 488 | M2 | 210 | 148 | 116 | S8 84 71 44 0469 0.157 1000 | 0459 | 0.468 | 1.000 | 0157 | 0.457
18.890 4[EB| 1M172011 44 251 | 69% | 404 | 259 | 187 | 139 | 112 | 85 80 87 42 0404 0.145 1000 | 0404 0539 | 0144
18.900 4[EB| 1M172011 44 250 | 700 | 353 | 255 | 183 | 133 | 109 | 95 81 69 42 0.353 0.098 1000 | 0.353 1.000 | 0098
18.910 4[EB| 11172011 44 287 | 695 | 387 | 265 | 188 | 137 | 109 | 93 L] 67 43 0.388 0.122 1002 | 0.388 1004 | 0123
18.920 4[EB| 11172011 44 250 | 695 | 408 | 267 | 181 | 130 | 105 | 88 75 64 41 0408 0.141 1000 | 0408 1.000 | 0141
18.930 4(EB[ 1M1/2011 44 250 | 897 | 414 | 269 | 184 [ 134 | 108 | 9 5 63 41 0415 0.146 1000 | 0415 1.000 | 0146
18.940 4[EB| 1M1201 44 289 704 | 350 | 257 | 186 [ 136 | 11 95 81 68 43 0.358 0.103 1000 | 0.358 1001 | 0103
18.950 4[EB| 1M1201 44 288 | 703 | 372 | 22 | 187 | 14 | 113 | &7 81 68 42 0371 0.109 1001 | 0.3 1.002 | 0110
18.950 4[EB| 1M172011 44 250 | 702 | 370 | 254 | 179 | 137 | 112 | 88 8 71 45 0.369 0.116 1000 | 0.369 1.000 | 0116
18.970 4[EB| 11172011 44 251 | 700 | 389 | 270 | 185 [ 144 | 1% | 104 | 88 72 45 0.369 0.099 0999 | 0.369 0999 | 0099
18.980 4[EB| 11172011 44 251|697 | 433 | 289 | 215 | 165 | 135 | 117 | 98 82 49 0435 0.135 0999 | 0434 0999 | 0135
18.950 4(EB[ 1M1/2011 44 251 | 698 | 480 | 37 | 223 [ 167 | 135 | 114 | 95 78 44 0482 0.164 0599 | 0481 0999 | 0163
15.000 4(EB[ 1M1/2011 44 250 698 | 45 | 284 | 211 [ 15% | 125 | 105 | 88 T 39 0416 0122 1000 | 0416 | 0.397 | 1.000 | 0122 | 0.125
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072

o Normalised to 700 kPa Normalised to 700 kPa
E E E E E E E E E E No Temp Correction Austroads 2004 Correction to 29C
- o 3 a c|lg|lg|g|g|g|s8|8]|8 -
E|3s = |Elg| 2|12 12 12|212(%/12 8 « = |52
s (F/§E| B |ZE|%|s|2|B|B|B|B\E|5|3|;8| € E | < f |8 2 |E|E
ol w = a W — § -S = - - - - - - - 2 = = =
5 25 2 £|3|SE|E|E|E|SE || |5 | = 5 e & | T | .| 38 | %
* = k: » s (2| 2|22 |12|2|2|@= H B 8 £ g 2 2 g
s 2|5 |%|3 |2 |5 |8 |3 35| 3 s | ¥ | & | & |F |8 Z
& Z |3 3 |3
19.885 Z|WB| 17102011 45 316 | 698 | 377 | 288 | 206 | 159 | 128 | 107 | 8% 74 45 0.378 0.109 0987 | 0373 0968 | 0.105
19.875 Z|WB| 17102011 45 325 | 700 | 408 | 283 | 23 | 184 | 131 | 108 | 9 76 45 0.408 0.125 0882 | 0401 0857 | 0120
19.865 Z|WB| 17102011 45 325 | 698 | 427 | 294 | 223 | 188 | 134 | 111 | @2 7 45 0.428 0.133 0.882 | 0420 0857 | 0127
19.855 Z|WB| 17102011 45 324 | 702 | 426 [ 301 | A7 | 158 | 124 | 102 | 83 | &% 43 0.425 0.125 0983 | 0418 0858 | 0120
158,845 Z|WB| 17102011 45 325 | 698 | 383 | 284 | M2 | 182 | 125 | 107 | 88 [ 42 0.384 0.110 0.962 | 0387 0857 | 01058
19.835 Z|WB| 17102011 45 324 | 658 | 414 | 300 | 228 | 176 | 141 | 118 | 85 78 44 0413 0.115 0.8983 | 0408 0838 | 0.110
19.825 Z|WB| 17102011 48 324 | 698 | 405 | 286 | 219 | 188 | 134 | 110 | 0 74 42 0.406 0.11% 09683 | 0399 0838 | 0.114
19.815 Z|WB| 17102011 48 324 | 695 | 426 | 284 | 219 | 184 | 131 | 108 | o ] a7 0421 0133 09683 | 0419 0838 | 0127
19.800 Z|WB| 17102011 48 323 | 699 | 436 | 308 | 232 | 170 | 13z | 108 | &7 2 a7 0437 0.128 09683 | 0429 | 0406 | 0560 | 0123 | 0.117
19.795 IWB([ 1Tnwzon 23 317 | 698 | 433 | 297 | 210 ) 185 | 128 | 107 | O 7 48 0434 0.136 0984 | 0427 0859 | 0130
19785 IWB|[ 17102011 a3 MG | 701 | 424 | 287 | 207 | 154 | 125 | 108 9%6 83 a3 0423 0.137 05983 | 0416 0857 | 0131
19775 IWB|[ 17102011 a3 M6 | TOO | 433 | 28% | 195 | 138 | 106 89 75 63 40 0433 0.144 05985 | 042% 091 | 0138
19765 3|WB|[ 1710201 53 315 | 698 | 384 | 272 | 189 | 138 | 111 | 95 | 81 68 44 0.395 0122 0583 | 0388 0857 | 0116
19755 3|WB|[ 1710201 53 321 | 700 | 422 | 301 | 28 | 158 | 123 | 103 | 8% 75 45 0.422 0.120 0582 | 0414 0854 | 0115
16745 3|WB|[ 17102011 53 320 | 700 | 425 | 259 | M2 | 154 | 1M | 103 | 88 74 45 0.425 0128 0882 | 0417 0855 | 0120
15735 3|WB|[ 17102011 53 315 | 655 | 476 | 334 | 231 | 187 | 130 | 110 | 93 [ 48 0.477 0.142 0983 | 0469 0857 | 0136
16725 3|WB|[ 17nwzon 53 315 | 695G | 453 | 312 | 218 | 185 | 122 | 102 | &7 73 45 0.453 0.141 0.983 | 0445 0857 | 0.135
16715 3|WB|[ 17nwzon 53 315 | 695 | 449 | 312 | 219 | 155 | 18 | &% | 84 [ 45 0.450 0.138 0.983 | 0442 0857 | 0132
18,705 JWB ([ 17n0zon a3 315 | 702 | 455 | 9 | 224 | 158 | 125 | 105 | o 7 48 0.454 0.135 0883 | 0445 | 0429 | 0857 | 0128 | 0128
18.985 4|WB| 17102011 44 320|701 | 331 | 243 | 188 | 150 | 125 | 108 | 9 76 45 0.330 0.087 0.8681 | 0324 0830 | 0.083
18.985 4|WB| 17102011 44 324 | 684 | 342 | 245 | 184 | 144 | 18 | 103 | 88 74 45 0.345 0.097 0978 | 0337 0844 | 0092
18.975 4|WB| 17102011 44 322 | 6% | 334 | 248 | 186 | 146 | 121 | 105 | 88 74 45 0.336 0.087 0960 | 0329 0947 | 0083
18.965 4|WB| 17102011 44 39| 6% | M5 | 225 | 172 | 136 | M5 | 9% | 86 3 48 0.317 0.09 0961 | 03N 0852 | 0.085
18.950 4|WB| 17102011 44 322 | 6% | 303 | M8 | 184 | 128 | 108 | 92 B | & 43 0.304 0.085 0960 | 0298 0847 | 0.081
18.945 4|WB| 17T1Mw2011 44 321|697 | 28 | 20 | 156 | 122 | 11 88 v 66 42 0.298 0.0687 0580 | 0292 05948 | 0082
18.935 4|WB| 17T1Mw2011 44 321|698 | 303 | 219 | 184 | 128 | 107 94 81 69 44 0.303 0.084 0580 | 0297 05948 | 0080
18.925 4|WB| 1702011 44 322 | 695 | 308 | 229 | 162 | 126 | 105 | 88 9| 66 41 0.310 0.088 0980 | 0304 0847 | 0.084
18.915 4|WB| 1702011 44 321 | 695 | 288 | 26 | 161 | 122 | 1M1 | 87 75| o4 42 0.300 0.083 04978 | 0293 0841 | 0078
18.9505 4|WB| 17102011 44 324 | 696 | 288 | 202 | 151 | 19 | 100 | 88 8| 68 45 0.28% 0.088 0976 | 0282 05936 | 0.081
18.895 4|WB| 17102011 44 321 | 702 | 348 | 243 | 177 | 134 | 108 | 92 | 80 68 44 0.347 0.104 0978 | 0339 0841 | 0098
18.885 4|WB| 17102011 44 321 | 698 | 439 | 286 | M3 | 157 | 123 | 101 | 84 70 45 0.441 0.141 0978 | 0431 | 0.320 | 0841 | 0133 | 0.088
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072

Table B 6: Falling weight deflectometer, 2016 Report No. 16 FWD 491/3 (MRWA 2016f)

= = = = = = = = E MNormalised to 700 kPa Mormalised to 700 kPa
= = = = = = 5 = = = = No T Correcti Austroads 2004 Correction to 28C
E_ E _ _§_ E .,E,- = EI:' %— % % x %_ 2 %— - o Temp Correction ustroads orrection to
== 2le = 2 = - s = = = = = = = = = = - -
s 38| Z 2 |s|s| 5|8 |2 |E |28 |28 |8 |8 |E £ E ls.|zs| 2% |g._|ze| £
B =5 s = £ 2 = = = = = = = = = = = £ E| 8 & = |E gl & =
= = (= == s = = = = = = = = = = 5 ZE| 28 = 5 5|2 B =
o = £ = (] - ] o - = = P = =y = = = & = = 2 E Fls 5 =
= s F = = = = = = = = = = Z = S E 2 |3 s a3 =
E | T |2 |2 |2 |2 |2 |2 |= 5 5 3 3
19 800 Z| EB 45 10.8 | &3 rs 268 2000 150 118 5 a0 LT 42 0418 0120 1. 104 0.458 1.310 | 0157
18.810| 2|EB 45 10.89 | 628 350 251 188 143 113 o0 5 &1 35 0,389 0. 110 1.104 0.428 1.380 | 0.153
19.820 2| EB 45 11.1 | 837 384 5 195 148 11 a2 [ &1 3 0.422 0130 1.103 0485 1.305 | 0470
19.830 2| EB 45 11.0 ] &3 353 243 182 144 113 a2 TG B3 35 0,403 0127 1.104 0.445 1.307 | 0165
15,840 Z| EB 45 11.0 | 628 47 252 212 157 122 o8 a1 [ 3 0.485 0140 1. 104 0.513 1.307 | 0.183
19.850| 2|EB 45 10.5 | &35 423 284 203 150 3 T8 85 41 0457 0.153 1104 0.516 1.314 | 0201
19 850 2| EB 45 10.4 | 2% 447 292 207 152 o3 T B3 38 0484 0187 1.104 0.545 1.315 | 0.220
19.870 2| EB 45 10.8 | 832 401 282 205 155 100 a4 [ 35 0445 0132 1,104 0451 1.310 | 0473
19 880 2| EB 45 10.8 | 622 7o 261 196 153 100 83 (4] 39 0.447 0123 1.104 0.450 0483 1.30%9 | 0161 o178
19.700| 3I|EB 53 11.5 | &35 474 125 225 158 o2 75 53 38 0.522 0.163 0.583 1.358 | 0222
19.710 3| EB 53 11.5 | &30 470 320 217 154 fit] T3 &1 s 0.522 0187 0.583 1.359 | 0.227
19.720 3| EB 53 11.5 | 825 475 319 219 154 0 5 52 35 0.533 0TS . 0.585 1.355 | 0.238
19.730 3| EB 53 11.0 | 827 451 33 219 156 95 ™ &5 Tl 0.515 0165 1.118 0.576 1.359 | 0.226
19.740 3| EB 53 11.5 | 837 474 320 217 157 a5 ™ 4 35 0.520 0.158 1.116 0.580 1.359 | 0.Z228
19.750 3| EB 53 114 | 628 487 301 211 152 o0 T4 (] s 0.521 0.185 0.582 1.351 | 0.253
19,780 3| EB 53 11.5 | 832 455 305 214 151 113 a8 T2 58 s 0.515 0TS [ 0.575 1.355 | 0.238
19770 3| EB 53 11.6 | &30 447 285 193 133 5 T3 (1] 50 32 0.487 0.17e A16 0.555 1.357 | 0.243
19.780 3| EB 53 11.5 | &30 400 255 17s 126 a7 80 rit] 62 41 0444 0.161 1.116 0.455 1.359 | 0.21%8
19.790 3| EB 53 116 | 833 437 290 201 144 112 o1 T8 55 40 0.472 0.152 1.116 0.527 0.565 1.375 | 0.208 0.230
19 800 2|'WB 45 10.1 | 825 410 285 195 141 111 0 e 54 40 0.458 0,135 1,104 10505 1.318 | 0183
19.810 2|'WB 45 9.8 | 622 371 263 196 145 115 o1 TG 52 40 0418 o122 1.103 0.451 1.319 | 0151
19.820 Z|'WB 45 10.2 | 2% 414 293 216 162 125 o 81 4 3 0.483 0.135 1. 104 0.511 1.317 | 0478
19,830 2|'WB 45 10.0 | &34 350 265 197 142 118 o5 TS B3 34 0,409 0115 1.103 10.451 1.318 | 0.152
19.840 2|'WB 45 9.7 | 630 351 255 191 141 102 a8 71 55 30 0,401 0118 1.102 0.442 1.320 | 0155
19.850 2|'WB 45 9.8 | 827 432 208 218 163 126 bt &0 4 3 0.482 0.150 1.103 0.532 1.319 | 0158
19.850 Z|'WB 45 9.5 | 632 355 258 188 140 102 ar TZ 58 3 0.404 0.118 1.101 0.445 1.320 | 0.158
19.870 2|'WB 45 9.5 | 624 433 302 221 168 132 107 fit] T2 41 0.485 0,147 1.102 0.534 1.351 | 0.188
19 880 ZI'WB | 1712011 45 9.7 | 625 355 250 187 144 115 a5 fii] [ 3 0,358 0118 1.111 0.442 0480 1.350 | 0.158 o971
19,700 3|I'WB | 1712011 53 9.7 | 629 3T 259 195 147 116 ] T8 &5 3B D415 0117 1.117 0.455 1.384 | D182
18.710 I|IWB | 1712011 53 9.8 | 625 43T 208 214 156 120 a7 82 58 41 0.478 0144 1.117 0.534 1.383 | 0189
19.720 IIWB | 1702011 53 9.8 | 625 391 272 198 145 116 o4 a0 55 &t} 0.438 0.133 1.117 0.489 1.383 | 0.184
19.730 IIWB | 172011 53 10.3 | 833 391 258 188 138 110 o1 T8 55 ¥ 0.432 0.135 1.11% 0.483 1.379 | 0185
19.740 3|I'WB | 1712011 53 10.1 | 24 428 297 214 157 122 bt 83 [ 40 0.481 0.148 1.118 0.538 1.381 | 0.204
19.750 3|I'WB | 1712011 53 10.0 | 825 418 284 215 156 123 o a3 (4] 40 0458 0140 1.118 0.524 1.382 | 0183
18.760| 3I|WB| 17102011 53 10.0 | &30 33 251 191 147 117 a7 83 [ ¥ 0.373 008 1.118 0.417 1.382 | 0.128
19770 IIWB | 172011 53 10.0 | 832 341 235 171 127 101 a5 73 51 38 0.378 0118 1.118 0.423 1.382 | 0183
19.780 IIWB | 1712011 53 10.1 | 825 73 260 188 141 111 91 e 4 38 0.418 0127 1.118 0.457 1.381 | 0475
19,790 3|I'WB | 1712011 53 10.1 | 825 355 256 185 140 112 o4 a0 65 40 0402 0123 1. 104 0.452 0479 1.318 | 01862 0176
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial

Sections PRP16072
Table B 7: Average rut depth
Testdate | TriallD Chainage Chainage 3 m straight edge rut (mm) 2 m straight edge rut (mm)
start (km) end (km) OwWP WP OowWP IWP
19.80 19.82 1.5 1.4 1.5 1.4
19.82 19.84 1.3 20 1.3 2.0
R2 19.84 19.86 1.4 1.6 1.4 1.6
19.86 19.90 1.3 1.7 1.3 1.7
19.70 19.72 0.9 2.7 0.9 2.7
19.72 19.74 1.5 1.3 1.5 1.3
R3 19.74 19.76 1.3 14 1.3 1.4
Jul-99 19.76 19.78 1.2 1.3 1.2 1.3
19.78 19.80 15 1.2 1.4 1.2
18.88 18.90 0.7 21 0.7 21
18.90 18.92 0.9 20 0.9 2.0
18.92 18.94 0.7 25 0.7 25
A 18.94 18.96 0.7 1.6 0.7 1.6
18.96 18.98 0.6 22 0.6 2.2
18.98 19.00 1.0 1.6 1.0 1.6
19.81 19.83 1.2 26 1.0 24
19.83 19.85 1.6 1.6 1.6 1.6
R 19.85 19.87 1.6 20 1.6 2.0
19.87 19.89 20 0.8 1.9 08
19.71 19.73 1.0 1.7 1.0 1.7
19.73 19.75 0.6 1.8 0.6 1.7
0600 RS 19.75 19.77 0.8 26 0.8 25
19.77 19.79 1.1 26 1.0 24
18.88 18.90 0.8 2.1 0.8 2.1
18.90 18.92 1.2 3.2 0.9 29
18.92 18.94 1.2 3.7 1.1 3.5
R 18.94 18.96 1.1 41 1.0 3.9
18.96 18.98 0.9 3.6 0.8 34
18.98 19.00 1.1 35 1.0 3.3
19.80 19.82 1.3 28 1.3 28
19.82 19.84 1.4 34 1.4 34
R2 19.84 19.86 20 3.1 1.9 3.0
19.86 19.88 20 3.1 2.0 3.1
Dec-06 19.70 19.72 1.3 3.2 1.3 3.2
19.72 19.74 1.4 3.5 1.4 3.5
R3 19.74 19.76 0.9 3.0 0.9 3.0
19.76 19.78 0.9 3.7 0.9 3.7
19.78 19.80 15 3.7 15 3.7
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial

Sections PRP16072
Testdate | TrialID Chainage Chainage 3 m straight edge rut (mm) 2 m straight edge rut (mm)
start (km) end (km) OwWP WP OWP WP
Cont... 18.89 18.91 1.3 4.2 1.3 4.2
18.91 18.93 1.2 3.6 1.2 3.6
R4 18.93 18.95 1.5 4.0 1.5 4.0
18.95 18.97 12 4.3 1.2 4.3
18.97 18.99 1.1 4.2 1.1 4.2
19.80 19.82 0.9 3.6 0.9 3.6
19.82 19.84 1.1 3.0 1.1 29
i 19.84 19.86 14 3.1 14 3.1
19.86 19.88 1.9 26 1.9 26
19.70 19.72 0.9 3.6 0.9 3.6
19.72 19.74 0.7 3.3 0.7 3.3
R3 19.74 19.76 0.8 34 0.8 34
Jan-08 19.76 19.78 0.7 3.7 0.7 3.7
19.78 19.80 0.9 3.6 0.9 3.5
18.88 18.90 1.2 43 1.2 43
18.90 18.92 1.3 35 1.3 3.5
18.92 18.94 14 3.9 14 3.8
s 18.94 18.96 12 4.0 1.2 4.0
18.96 18.98 1.0 4.1 1.0 4.1
18.98 19.00 0.9 3.8 0.9 3.8
19.81 19.83 1.1 29 1.1 29
19.83 19.85 1.3 24 1.3 24
R 19.85 19.87 1.5 27 15 27
19.87 19.89 21 20 21 20
19.71 19.73 1.3 29 1.3 29
19.73 19.75 1.1 25 1.1 25
Nov-08 RS 19.75 19.77 1.3 27 1.3 27
19.77 19.79 1.1 3.0 1.1 3.0
18.89 18.91 1.3 3.9 1.3 3.9
18.91 18.93 1.3 3.0 1.3 3.0
R4 18.93 18.95 1.5 3.3 15 3.3
18.95 18.97 1.5 3.7 15 3.7
18.97 18.99 1.2 37 1.2 37
19.80 19.82 1.5 27 15 27
19.82 19.84 1.8 20 1.8 20
Nov.09 R 19.84 19.86 1.3 27 1.3 27
19.86 19.88 23 1.7 23 1.7
19.70 19.72 1.0 25 1.0 25
RS 19.72 19.74 0.8 24 0.8 24
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial

Sections PRP16072
Testdate | TrialID Chainage Chainage 3 m straight edge rut (mm) 2 m straight edge rut (mm)
start (km) end (km) OwWP WP OWP WP
Cont... Cont... | 19.74 19.76 1.1 29 1.1 29
19.76 19.78 1.0 3.2 1.0 3.2
19.78 19.80 1.1 3.1 1.1 3.1
18.88 18.90 14 3.2 14 3.2
18.90 18.92 1.3 3.2 1.3 3.2
R4 18.92 18.94 1.3 3.2 1.3 3.2
18.94 18.96 1.3 3.8 1.3 3.8
18.96 18.98 1.1 3.3 1.1 3.3
19.80 19.82 1.3 22 1.3 22
19.82 19.84 1.5 22 15 22
R 19.84 19.86 22 20 22 20
19.86 19.90 20 1.8 20 1.8
19.70 19.72 20 26 20 26
19.72 19.74 1.7 20 1.7 20
R3 19.74 19.76 14 1.9 14 1.9
Nov-10 19.76 19.78 1.3 28 1.3 28
19.78 19.80 14 35 14 35
18.88 18.90 12 29 12 29
18.90 18.92 1.3 1.9 1.3 1.9
18.92 18.94 1.5 25 15 25
R 18.94 18.96 1.5 26 1.5 26
18.96 18.98 1.3 25 1.3 25
18.98 19.00 1.3 24 1.3 24
19.80 19.82 - 14 43
19.82 19.84 - 1.7 35
R2
19.84 19.86 - 14 34
19.86 19.90 - 1.2 3.0
19.70 19.72 - 1.3 34
19.72 19.74 - 1.0 25
R3 19.74 19.76 - 1.3 33
Dec-14 19.76 19.78 - 15 4.1
19.78 19.80 - 15 4.1
18.88 18.90 - 24 29
18.90 18.92 - 23 22
R 18.92 18.94 - 22 28
18.94 18.96 - 20 47
18.96 18.98 - 20 4.0
18.98 19.00 - 1.7 3.2
Source: IRIS 26/6/2016
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial

Sections

PRP16072

Table B 8: NAASRA road roughness meter results

Test date Trial ID NAASRA Countsfkm
Eastbound lane Westbound lane
R2 344 -
Jul-99 R3 43.9 -
R4 39.1 -
R2 45.3 31.8
Oct-00 R3 374 306
R4 40.1 36.4
R2 46.3 39.7
Jan-02 R3 37.2 296
R4 40.7 38.1
R2 444 39.9
Nov-02 R3 375 31.1
R4 41.8 387
R2 44.9 42.2
Feb-05 R3 376 40.7
R4 44.1 429
R2 47 55.5
Dec-06 R3 39.9 40.9
R4 40.3 321
R2 48.8 53.9
Jan-08 R3 419 419
R4 38.9 33
R2 46.9 55.2
Nov-09 R3 40.1 40.9
R4 42 334
R2 46.2 54.7
Nov-10 R3 38.9 40.7
R4 39.3 322
Source: IRIS 26/6/2016
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072

B.3 Stage 2 Investigation
B.3.1 FWD Data

Table B 9: Falling weight deflectometer, 2017 Report No. 17 FWD 551/1 (MRWA 2017)

. _ = E E E E E E E E Normalised to 700 kPa Normalised to 700 kPa
. = e = . E = = § s = = = s No Temp Correction Austroads 2008 Correction to 29°C
£ =2 g gE = T = = = = = = = = = = 5 _ = = —
5 £ 15| 2| gk = | 2| 8| 8| 8| 8| 8| 8| 8| & £ E s& 3 e B E 3
E = o =5 5 = = 2 = -3 1 = = = 5 2 g s = s & -
= = £ zE = = - = = ] = < = = 2 =5 k-] £E£ 2 =
3 & Tl =l = || = = | 2 s | = £ 5 S g 3 © g 5 3

2 W 18.7 49 673 381 271 192 148 118 102 85 72 41 0.396 0115 059 1.164 0.133

2 WB 18.1 45 677 446 303 208 158 126 106 a7 3 42 0.481 0147 059 1.161 0.171

2 WB 17.7 45 =] 364 261 198 155 127 108 88 T4 4 0.375 0 062 1.169 0.124

2 W 17.5 46 =] 365 264 198 155 126 106 86 73 43 0.378 2] 063 1.173 0.123

2 WB 17.5 45 677 407 284 202 156 125 105 85 71 42 0.421 0.128 053 1.173 0.150

2 WB 17.7 45 676 435 287 210 163 130 109 88 73 43 0.451 0144 1.169 0.168

2 WB 17.8 46 673 454 309 221 171 135 113 20 74 42 0472 0.151 1.167 0.176

2 WB 17.7 45 675 409 285 205 1 128 107 7 73 42 0424 0.128 1.169 0.150

2 WB 17.9 45 47 317 219 167 132 11 S0 75 48 0.488 0.158 1.165 0.186

2 WB 17.8 45 451 345 256 198 181 135 91 S 0.507 0_151 1.167 0.176

2 WB 17.3 46 472 318 224 170 134 112 90 73 40 0.488 0_1861 1.177 0.190

2 WB 17.3 45 379 273 203 159 125 105 = 70 40 0.382 0110 1.177 0.129

2 WB 17.3 45 408 266 187 145 117 a9 79 53 35 0425 0148 1.177 0.174

2 WB 17.3 46 676 412 283 202 156 125 104 24 69 38 0.426 0.133 0 1.177 0.157

2 WB 17.3 45 G574 388 278 206 159 127 105 83 68 ar 0.403 0.115 (065 1177 0.135

2 WB 17 4 45 675 424 300 215 169 134 11 a7 72 0 0440 0.128 (064 1.175 0.151

2 WB 17.5 46 G674 443 301 216 163 128 105 24 69 41 0.480 0147 0 1.173 0.172

2 WB 17 .4 45 675 385 278 202 157 123 102 81 1] 4L 0.410 0121 O 0. 461 1.175 0142 0156

3 WB 17 4 45 673 415 283 200 151 119 a8 78 65 42 0431 0137 1.175 0.161

3 WB 17.3 53 677 412 301 222 168 126 101 80 a7 42 0.433 0122 1.212 0.148

3 WB 18.3 53 675 413 278 192 14 116 a8 &1 68 42 0.428 0.138 1.066 1.188 0.165

3 WEB 17.8 53 532 370 250 176 3 112 96 80 59 43 0.380 0.123 oTa 1.200 0.147

3 WB| 180 53 6580 321 273 201 125 108 90 iT a7 0.403 0.115 1.068 1.195 0.138

3 WB 17.9 53 630 352 255 190 123 106 89 77 S0 0.363 0100 1.069 1.198 0.120

3 WB 17.8 53 581 402 268 183 110 a3 65 40 0414 0.138 1.070 1.200 0. 166

3 W 179 53 680 386 269 190 110 92 76 65 40 0.397 0120 1.069 1.198 0.144

3 WB 176 53 630 329 221 158 102 88 73 62 41 0.338 0111 1.071 1.205 0.133

3 WB 17.8 53 678 332 229 167 110 a5 0 59 43 0.343 0107 1.070 1.200 0.128

3 WB 17.3 53 677 353 264 198 124 104 86 72 43 0.365 0092 1.074 1.212 0.112

3 WB 17.3 53 675 397 281 201 124 106 88 T4 4L 0411 0.120 1.074 1.212 0.145

3 WB 17.2 53 B677 485 326 23 7 135 112 a2 78 7 0175 1.074 1.214 0.213

3 WB 17.5 53 677 457 314 222 130 109 88 Ta 45 0_148 1.072 1.207 0.179

3 WB 17.58 53 672 474 322 225 166 129 106 86 72 44 0,159 1.072 1.207 0.192

3 WB 17.3 53 530 478 330 228 167 129 107 7 73 4L 0.152 1.074 1.212 0.185

3 WB 17.7 53 676 424 252 198 147 117 a9 83 70 43 0_1386 1.070 1.202 0. 164

3 WB 17.7 53 679 4325 280 203 152 120 101 83 70 43 0.138 1.070 1.202 0.166

3 WB 17.3 53 676 450 284 205 154 120 101 82 1] 41 0_181 1.074 1.212 0.195

3 WB 17.3 53 675 456 318 225 168 129 107 85 71 4 0143 1.074 0.174

3 WB 17.7 53 678 464 311 216 160 123 103 83 70 44 0157 1.070 0.457 1.202 0.189 0760
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E E E E E E E E Normalised to 700 kPa Normalised to 700 kPa
—_ = E E E E g 5 ‘=’E g ‘E § 5 §E No Temp Correction Austroads 2008 Correction to 29°C
E|gl.leg| 3|2 ||2|2 /2|2 /2|5 |%)|= = = = .
§ é |8 = | g8 s | 2| 8| 8| &8 | 8| 85| 85| 8| B £ E ss,.| £ 8§ |gs. .| E 5
= = || 8| 85| B |E|=|=|s|s|=|=|=]|?2 s e §88| s = |858| = =
@ = ‘E = - ~ ] = - w2 w« r~ o = = £ £ E E E = £ E E £ =
i 3|z|2|5|3[2|2 |3 |z| = s |37 | =2 | B |87 & | &
(=1 [=] [=] =]
2 we| 17.8 49 678 3590 263 186 142 114 96 78 bb 39 0.403 0.131 066 0.429 1.183 0.155
2 We| 16.8 45 676 34 233 179 143 116 99 79 [ 39 0.325 0.083 1.068 0.347 1.187 0.099
2 WB| 166 45 679 33 24 178 142 116 100 2 58 40 0.323 0.052 1.070 119 0.109
2 WB| 16.5 45 §82 315 227 177 143 116 99 50 &7 38 0.323 0.091 1.070 1.193
2 We| 163 45 BI7 356 258 191 148 118 99 51 58 A0 0.378 0.1 1.072 1.197
2 wWe| 164 45 680 414 284 207 160 125 104 B4 70 41 0.427 0.134 1.071 1.195
2 WB | 164 45 679 412 284 213 166 131 108 56 70 A0 0.425 0.132 1.071 1.195
2 WB| 164 45 676 383 269 197 152 120 101 81 68 41 0.397 0.118 o7 1.195
2 WB| 164 45 BI7 A70 324 237 180 143 117 94 78 AT 0.485 0.151 07 1.195
2 WB| 166 45 676 458 328 194 153 126 100 83 AT 0.484 0.145 1.070 1.19 0.172
2 We| 167 45 678 350 274 199 156 123 03 52 58 37 0.403 0.120 1.069 1.189 0.143
2 WB| 16.7 45 679 338 251 131 151 122 103 52 58 39 0.348 0.091 1.069 1.189 0.108
2 WB| 166 45 617 356 253 190 149 120 101 81 67 38 0.368 0.107 1.070 119 0.127
2 wWB| 164 45 617 35 254 191 151 122 02 51 [ 35 0.363 0.101 1.071 1.195
2 We| 165 45 678 349 251) 190 149 119 99 78 B4 35 0.360 0.102 1.070 1.193 0.122
2 WE| 16.5 45 675 411 294 218 166 130 107 85 69 38 0428 0.122 1.070 1.193 0.146
2 WB| 163 45 676 422 296 219 168 132 107 54 69 41 0.437 0.130 1.072 1.197 0.156
2 WB| 164 45 678 359 257 192 152 120 100 79 66 41 0.371 0.105 1.071 0.419 1.195 0.126 0.137
3 wWe| 163 45 678 156 261 197 152 119 99 ) 63 39 0.368 0.100 1.072 1.197 0.119
3 WE| 16.3 53 679 BT 296 208 149 111 9 2 &1 35 0.395 0.0%4 1.082 1.237 0.116
3 we| 17.2 33 675 351 243 7 133 108 92 [ 66 42 0.364 0.113 1.074 1.214 0.137
3 WBe| 174 53 BI7 361 249 89 131 108 92 T8 &7 43 0.373 0.117 073 1.210 0.14
3 we| 17.3 53 680 355 251 182 143 119 04 B9 ir 49 0.366 0.107 1.074 1.212 0.130
3 we| 172 53 674 33 243 182 14 116 99 B2 70 A4 0.343 0.092 1.074 1.214 0.111
3 wWe| 17.3 33 BI7 350 241 169 126 98 83 68 58 38 0.361 0.112 1.074 1.212 0.136
3 wWe| 172 53 676 363 251 178 134 107 30 T3 62 38 0.376 0.1186 1.07 1.214 0.141
19 3 we| 171 53 BI7 333 233 &7 128 104 89 74 Bd 39 0.344 0.103 1.075 1.217 0.126
19.7 3 we| 172 53 675 47 244 7T 138 111 95 79 [ 41 0.360 0.107 1.074 1.214 0.130
19.7 3 we| 171 53 675 356 255 185 143 115 97 79 67 A0 0.369 0.105 1.075 1.7 0.128
19.7 3 wWB| 171 53 678 386 275 200 15 120 01 54 71 42 0.399 0.115 1.075 1.217 0.140
9.7 3 We| 167 53 BI7 409 285 204 156 124 05 56 73 43 0.423 0.129 1.078 1.227 0.158
3 we| 173 53 679 385 276 201 154 122 03 B3 72 43 0.397 0.113 1.074 1.212 0.137
3 wWe| 174 53 673 389 77 199 15 120 0d 52 69 42 0.404 0.116 1.073 1.210 0.141
3 wWB | 17.3 33 678 Jar 7T 193 147 115 a7 79 [21] A0 0.410 0.124 074 1.212 0.130
3 we| 172 53 679 373 262 188 14 111 93 76 B4 39 0.384 0.114 074 1.214 0.139
3 we| 171 53 B82 356 261 188 143 114 95 ir 85 40 0.376 0.109 075 1.217 0.132
3 we| 171 53 681 385 27N 195 14 113 93 75 b4 38 0.396 0.118 1.075 1.217 0.143
3 WE| 16.9 53 681 403 278 202 152 119 100 b1 &8 42 0.414 0.128 1.077 1.222 0.156
3 we| 172 33 679 402 280 204 135 122 03 54 72 44 0415 0.126 1.074 0.412 1.214 0.153 0.136
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B.3.2 Photographs

Figure B 1: Surface of BSL base layer at R2 (surface water from cutting process)
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Sections PRP16072

Figure B 3: Surface of CRB base layer at R3 (surface water from cutting process)

e

arob

-138 - January 2018



Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial
Sections PRP16072

Figure B 5: Thin longitudinal crack in R2 OWP westbound

Figure B 6: Thin longitudinal crack in R2 OWP westbound
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Test Certificates

A mainroads
'?“'l-.i‘il FEH> ALSTRALLY

ABN 50 560 6TE 021

MOISTURE CONTENT TEST REPORT Sheet 1 of 7
Repart Mo, 17 S64B9 /1 Reference No.  Nal Applicable Field Mo.  Net Applicable
Date/s of Test 1311272016 Froject Mo WARRIP
Date Sampled 11122018 Date Received 121212018
Local Govt Authority ) City of Swan
Road Reid Hwy Westbound
Location Section 2. SLK 19.890 - 19.800
Present se Pavement o
Test Methods: WA 110.1 Soil and Granular Pavement Material Mosture Content: Convectien Oven Method
Sampling Method: Wa 100.1 Sampling Procedures for Soil and Manufactured Granular Maternials
Sample Longifudinal | Transverse Material Type Muoisture Cortent Depth
Numbers SLK (m) (%) {mm)
Bitumen Stabilised
56489 18845 LW P Limasiane 45 from 45 12 95
S5489 10.845 LWP Limestons 57 from 145 o 345
56489 18,845 LwWp Sand 36 fram 470 o 570
|
[
{
i
I
I
Comments/Distribution Approved Signatory
TRIM File No. 16/10252 }29/1
MNarme Mark Hopgood ¢
Function  Project Officer
Date 18/01/2017
Diocument 7105110.1 s50e:21/42/2018 TRIM.D1 49528363 MAIN ROSDS Wasien Australia
A Materials Englneenng
NATA Ageredied for compliance with ISONEC 17028 LG Punch Labaralory
ACCREDITATION MNo. 1089 SITE Mo. 1982 -9 Colin Jamieson Dfive
4 WELSHPOOL WA 6108
TECHNICAL Tel (08) 9523 4744 Fax (08) S323 4766

SOEEETRNCE
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial
Sections

PRP16072

A mainroads
'?wh,q FER™> AL STHRALIY

ABN: 50§50 B7E 021

LAYER THICKNESS REPORT

Sampling Method: WA 701.1 Sheel 2 of 7
Report Ma. 17 56483/ 1 Ref. Mo, Not Anplicable Field No. Mot Applicable
DCate of Test 11M12/2016 Project/Contract/Job Mo, WARRIP
Date Sampled (Moisture Content) Mot Applicable Date of Test (Maoisture Content) Mot Applicable
Local Govt Authority  City of Swan -
Road Reid Highway Weslbound
Section  Section 2. SLK 19.890 - 19.800
Present/Froposed Use  Pavemant —
WA T05.1 Preparation of Asphalt fot Testing
Tust Methods WA 330.1 Layer Thickness
Diepih Layer
o T
Care No Chainage | SLK| Transverse Position FLane Type From - Ta ickness
() m} {mim) {mm)
4 15,885 BWP Westound Dense Grade Asphalt 0-47 47
2 10,845 BWP Wastbound Dense Grade Asphalt 0 - 49 45
& 18,805 BEWP Wastbound Dense Grade Asphalt 0-45 45
Dense Grade Asphall 0-45 45
Bitumen Stabillsed Limestone 45 - 145 100
Section 2 19 845 LWP ‘Westhound
Limesione 145 - 470 325
Sand ATO+
Comments/Misiribution Approved Signatory
Trirn Fie Mo, 1610262
Mame Mark Hopgood .
Function  Project Officer
Date 19/01/2017

Document T1SMEI0 1A Issue: 120572014 TRIMDIA4628264
ACCREDITATION Mo, 1989 SITE No. 1982

MAIN ROADS Westem Australia
Matenals Engineenng

JIG Puish Labarnsiony

£-9 Calin Jarmeson Drive
WELSHPOOL WA 5108
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial

Sections PRP16072
[IRY
DENSE GRADED ASPHALT TEST REPORT Pags T oef T
Feapat: 17 5648871 Contract Mo WARRIP Field Mo: Mot Applicabls
Date Sampled: 1M 22016 Date Tested: 1102017 Cusiomes  Main Roads Western Australia
Road: Reid Highway Sample Source: Hot Supplied
i Type: Bitumen Stabilised Limestone Lot Number: Not Applicable
Sample Locetion: Saction 2. SLK 19,880 - 19.600
Sampling Dedails: Basacoursa
Sampling Method: SAMPLING PROCEDURES FOR ASPHALT WA T01.1
Praparation Melhad, PREPARATION OF ASPHALT FOR TESTING Wa TDE.1
Sample No | S6489 | i I |
Relerence No, | Mot Applicais | ] [ |
BITUMEN CONTENT AND PARTICLE SIZE DISTRIBUTION OF ASPHALT:CENTRIFUGE METHOD WA 7101
Selve Size mm % Passing SPECIFICATION *
26 S0mm 100
15.00mm 100
13.20mm L
9,50mm o
B, 70wmm 85
4, 7Hmm 83
2. 38mm 87
1. 18mm BT
0.600mm 741
Q.a00mm ;T
0.150mm 8.7
0.07Sman 8.2
Bltuman Content % 1.7
MAXIMUM DENSITY : RICE DENSITY WA 7322
‘ Maxirmum Density wmt I I
BULK DEMSITY AND VOID CONTENT WA 7331
Bulk Density vm?
% Alr Vioide
% WA
% VFE
STABILITY AND FLOW : MARSHALL METHOD WA 7311
TEMFERATURE @ COMPACTION *C
HUMBER OF BLOWS
Stabilty (]
Flow I
COMMENTSDISTRIBUTION: APPROVED SIGNATORY:
REPORTS
16110252
Mark Hopgood (Project Dfficar) *
DATE: 180012017
Decumen] T1OSTI0 1 lssue 25H Q018 TRIM D 148828103
Main Roads Weslem Austialia
NATA Accredited for compliance with ISONEC 17025 Malerials Engineering Branch
ACCREDITATION Mo, 1985 SITE Ho. 1882 G Punch Laboratory
V .8 Gk Jarniesan Crive
F&g&% WELSHPOOL Wik 8108

Tel 08 9323 4744 Fax: OB 9333 4766
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial

Sections PRP16072
AAamainroads
"?“’I.-’.H'I'I Hx AL STHAMY
ABMN 50 BED 67 021
SOIL CLASSIFICATION TEST REPORT Sheel 4 of T
Rapart Ma. 17 56489 /1 Figld Ne. Not Aprlicable  Project Mo WARRIP
Cate Sampled 111272018 Datals Tested SI012017
Local Gowl Authority City of Swan
Road Reid Highway
Locabion Reid Highway Wesibound SLK 19.845
Sechon 2, SLK 10,800 - 19,800
Sample No, SE489
Raferance Mo. Mat Applcabie
Deplh, () 470
. 18845 SLK
Sample Location LWP
Field Description Sand
Present Lise Subgrace
FIDWA 1151 Sampling Method: WA 1001
Penzen Retained on
Sesve Size 375D men o
Sleve Slze (mm) % Passing
126.00
106 00
75,00
£3.00 -
3780
2680 -
18.00
1320 - -
.50
670 -
475 -
236 100
1.18 100 -
0.600 a7
0.425 63
0.300 H -
0.150 &
0478 5 -
0.0135 4 -
LL WA 202 (%) -
PL WAIRLY (%) - -
Pi WA1221 (%)
LS WA1231 (%) -
GROUF SYMBOL
(A5 1728 App A Sect AZ) Hot Applicable
Carmments ! Deslibution Approved Signalory
TRIM File No, 18710252
Mame Mz Hopoomd .
Funciian Project Officer
Date 10Z0T
Deacument 71 15,1 (95ue: TOA201 8 D48S2aaTa MAN ROADS YWeslem Auglala
A Batenals Engresnng
MATA Actredied for complance with ISCUEC 17025 L3 Pureh Laboratary
ACCREDITATION Mo 1889 SITE Mo 1582 5.8 Colin Jamleson Drive
. WELSHPOOL Wa 5106
PRSHsOR L
ST Tesl: (O] S3FY 4744 Fax: (0B) 5373 4766
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial

Sections

PRP16072

& malnroads

ABN S0 360 ETE D21

FIELD DENSITY TEST REPORT Page § of T
Report Ne. 17 GE4B9 /1 Ref. No.  Not Applicable Field Mo HNot Applicable
Date Sampled TIM22016 Cratefs of Test 1122016 Test Depth 50 mm DT
Local Govt. Autharity City of Swan
Road Rexd Highway Westbound
Section Section 2. SLK 19,880 - 19,800
ProjectfContract Ma. WARRIF Present / Proposed Use Basecourse
Field Description Bilurmnen Siabilised Limestone
WA 134.1 Dry Density Ratio WA 138, 1 Maisture Ratio
MDD Value Used:  Mean Individual OMC Value Used: Maan Individual
Chainage Transwverse Dry Density MDD Rp Medsture OMGC Rigy
(vm®) Content %
(m} fer) : (U} % - % %
19.845 LWP 1.827 4.5
* Density: WA 324 2 WA 3241 ** Moistura: WA 110.1 Wik 1102
Compaction: WA 1331 WA 133.2 WA 1321 Wa 1322
Sample Mo MDD im? CMC % Sample Mo, MDD e OME %
Sampling Method: W
Mean MDD tim* Mean OMC %
Sid Dev MDD tm* Std Dew OMC %
Dry Density Ratic  Mean Y Moisture Ratip Mean b
Std Dev % St Dev %
k Factor k Factor
Char. Dangity (Re = Ry - k.s) % Char. Moisture (R = Ry + k.5} o
Specification % Specification %
Comments/Distribution Approved Signatory
TRIM File No, 16/10252
Hame Mark Hopgood ‘
Function Project Officer
Drate TaRoT
Diosurnenl-T OS24 2 lssus 07042018 TRIM.D14#E26257 AIN ROADS Wesiem Ausirli
A Malerials Engresarng
Acoredited far comphance wilh [SOAEC 17028 LG Punch Latoratary
“A‘TA ACCREDITATHON Mo 1985 SITE Mo 1082 50 Colin Jamiesan Diive
v WELSHPODL WA 6108
THCaEAL Tel, (04 €323 4744 Fax: {08] 2323 4766
COMPETINGE
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial

Sections

PRP16072

A mainroads
'r_ WESTERS SUSTIEAEDY

ABM, 50 BEOGTE 021

FIELD DENSITY TEST REPORT Page 6 of 7
Report Mo 17 SE489 1 Ref Mo, Wat Applicable Figld Mo Mot Applicable
Date Sampled 111212016 Dates of Test 111272018 Test Depth 200 o DT
Local Govt Authority City of Swan
Road Reid Highway Westbound
Section Section 2. SLK 19.8%0 - 19,800
ProjectiCantract Mo, WARRIP Present / Proposed Use Subbase
Field Description Limnestone
WA 134,1 Dry Density Ratio VWA 1361 Moisture Ratio
MOD Value Used:  Maan Individual OMC Value Used: Mean Individual
Chairage Transvwarse Dry Density Moo g Moisture oMC P
{bim™) Conient %
(mn} {mj . [tim®) % - ¥ ki
19.845 LWP 1.920 a7
* Dansity: WA 324.2 WA 3241 ** Moisture: WA 1101 WA 1102
Compaction: Wia 1331 WA 1332 WA 132.1 Wa 1322
Sample No. MDD ¥m?* OMC % Sample Mo MDD tim? OMC %
Sampling Method: W
Mean MDD tim? Mean OMC %
Std Dev MDD Him? Sid Dev OMC k-
Dy Density Ratic  Mean kS Moisture Ratio Mean k.
Std Dew % Sid Dev B
k Factor k Factor
Char. Density (Rp = By - k.s5) k. Char, Moisture (R = Ry + k.5) U
Specificabon kY Specification Y
Comrments/Distribution Approved Signatory
TRIM File No. 16110252
Mame Mark Hopgood .
Funetian Project Officer
Date 1940172017
Docurment T L05/324.2 bssue 07/04/2016 TRIM.DH 48528257 MAIN ROADS Western Australia
A Maberials Engineeding
Aceadiled for compllance wilh 1ISONEC 17025 LG Punch Lataratory
"AT'.‘ ACCREDMTATION Ng. 1988 SITE No. 1882 8.8 Colin Jamiesan DOrive
WELSHFOOL Wi 6106
Tedrmica Tel (08) 5323 4744 Fax: (08) 9323 4766
T TIAGCE
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial

Sections

PRP16072

@ mainroads

ABM: 50 BS0 676 021

DETERMINATION OF THE PENETRATION RESISTANCE OF SOIL

TEST REPORT

Shest 7 of 7

Report Mo, 17 564861

Date Sampled 111212016
Local Govt Authorty  Cily Of Swan
Road  Reld Highway Westbound
Location Section 2. SLK 19890 - 19.800
Present Use Favement Subgrade
Soil Descripion  Yellow Sand

Datels Tested 1

Referance No.  hot Applicable

Field Mo, Mol Apphcable

11212016 Project Mo, WARRIP

Testad in accordance with test method
Sampling Method:
Maisture Content Mathod:

AS 1288632

Reduced level of ground surface al lesl sile:

Location of ground water tabie, if
intersected or kKnown:

Unknown

Depth from surface for meoisture condition
of s0il dedermination

Depth below surface at the commeancement of penetration;

470 mm
Mot Applicable  R.L

Maisture Content
of wal or dry

Panetration depth from surface (mm)

Start Finigh [ram)

Cumulative
numbar of
blows

{blows) %)

* Calculabed
CBR

470 - 6w 220

TO BT

Commaents [ Distribution

* Calculated CBR is not MATA aceredited.
TRIM File No. 16/10252

Approved Signatory

Maime
Function

Mark Hopggod
Project Officer
1800112017

Document 710520963 2 lsgue | D004 TRIM:D 158829041

Aecrediled lor compliance win ISONEC 17025
ACCREMTATION No. 1985 SITE Mo 1882

NATA
AV

FEgHGAL
cHirraey

K ROADS Wesken Ausiralia
Materials Engresding

JJE Punch Labaraiory

5.8 Colin Jamiesan Drve

WELSHPOOL Wit 5108

Tet (08} 3222 4744 Fax: (08} B335 4766
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial
Sections PRP16072

E>mainroads

ABN; 50 BE0 676 021

MOISTURE CONTENT TEST REPORT Sheet 1 of &
Report No._ 17 56490 /1 Reference No. Mot Apolicable Field Mo, Mot Applicable
Datels of Test 131212016 ProjectNo. WARRIP
Date Sampied 11122016 Date Recelved 12122016

Local Govt Authority City of Swan

Road B Reid Hwy Westbound

Location Section 3. SLK 18.800 - 19.700

Present Lise - Pavement

Test Methods: WA 110.1 Soil and Granufar Pavermnent Material Moisture Content: Convection Cwen Method

Sampling Method: WA 100.1 Samgling Procedures for Sail and Manufaciured Granular Malerals

Sample Longitudinal | Transverse Materal Type Molsture Content Depth
Numbers SLK im) %) {mm)
55490 19.75 LwP Crushed Rock Base 3.2 fram 45 1o 95
55480 1975 LWP Limestone 58 fram 125 1o 325
55480 19.75 LWP Sand 33 fram 380 1o 480

Comments/Distribution: Approved Signatory
TRIM File No_ 1610252 /694

Name Mark Hopgood
Funcltion  Project Officer

Date 191012017
Dracument' 71/0%9 101 ssue: 211 22015 TRIMD148626333 AN ROADS Waslem Ausiraba
Malarials Enginearing
NATA /coredied for compiiance with ISOAEC 17025 JJG Purch Labaralary
ACCREDITATION No. 1988 SITE No. 1982 8.9 Colin Jamigson Driva
WELSHPOOL WA 5108
TCHMCAL Tal: (0B} 0323 4744 Fax: (08) 9323 4766
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial
Sections

PRP16072

A mainroads
'?“ ESTERS AL STRALIA

ABM. 50 BEO 616 021

LAYER THICKNESS REPORT

Sampling Method: W 701.1 Sheat 2 of &
Repart No. 17 5648071 Ref. Mo. Mot Applicable Field Ma. Mot Applicable
Date of Test 11272016 Project/Cantract/Job Mo. WARRIP
Date Sampled (Moisture Content] Mot Applicable Date of Test (Moisture Content) Mot Applicable
Local Govt Authority  City of Swan
Road Reid Highway Weslbound
Secton  Section 3, SLK 15800 - 18,700
Present'Proposed Uise FPavement
‘WA 7051 Preparation of Asphalt fot Testing
Test Methods WA 330.1 Layer Thickness
Depih Layar
Coane Mo, Chaingge | SLIC| Trenswerse P Carmiageway / Lane Material Type From - Ta Thechress
() {m} ) {mm}
7 19.785 aBWE Westhaund Dense Grade Asphalt 0-30 9
8 19.760 WP Westhaund Dense Grade Asphalt 0-47 47
4 19.705 BvwP ‘Westbound Danse Grade Asphalt -5 51
Dense Grade Asphall 0-45 45
Crushed Rock Base 45- 125 EQ
Section 3 19,750 LwP Wesibound
Limastone 125 - 380 255
Sand 380 +
Comments/Distribution Approved Signatory
TRIM File Mo, 16H0252 /@/‘L
Mame Mark Hopgood
Function  Project Officer =
Dale 19001/2017
Documernt: FIAAS330 1A Issue 12052014 TRIM D1 48520254 MAIN ROADS Weslerm Ausiala
ACCREDITATION Mo, 1989 SITE No. 1582 Marerials Engineering

JJG Pynch Labaratery

5-5 Colin Jaméason Driva
WELSHPODL WA 8108

Taf; (0B} 9323 4744 Fax: (08) 5323 4765
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial
Sections PRP16072

& malnroads

ABN. 50 B8O 636 021

SOIL CLASSIFICATION TEST REPORT Sheet 3 of B
Report Mo 17 5648041 Field No. Mot Apphicable  Proiect No, WARRIP
Crate Sampled 1101202016 Datels Tested G02016
Local Gowvt Authonity - City Of Swan
Road Reid Highway
Location  Rewd Highway Westbound SLK 19.750
Section 3. 19.800 - 19.700
Sample No. 56490
Referance No Mot Apphoakle
Depth, {mm) 45
. 18,780 SLK
Sample Location WP
Field Descripton Crughed Rock Base
Pregent Usa Basecourse
PSD WA 1181 Sampling Methed: WA 100.1
Percent Retained an
Sieve Size 3780 mm [}
Sieve Size (mm) % Passing
125.00
106.00
75.00 . - B
53.00 . - -
37 50 - - -
26.50 100 - -
19.00 g9 - -
13.20 a4 - .
9.50 70
870 &1
476 55 . -
2.36 ] N -
114 2 = - -
0800 21 - -
0425 18 - -
0.300 15
0.150 12
0.075 ]
0.0135 5
L WA1202 (%) - . ) -
PL  WAI211 (%) - B - B -
Pl WAZZT (%) - o . -
LS WA 13 ) - - -
GROUP SYMBOL
IAS 1726 App A Seet AZ)
Camments ! Distribution Approved Slgnalony
TRIM File Ko, 16/10252
Mame Mark Hopgood
Funcion  Project Oficer -
Dl 10RO T
Documanl T1MEM 151 |sswe 1HOUI01S D14RS28373 AN ROADS Waatem Ausiralie
Matemals Ergneenng
MATA Accredied for compliance with ISVEC 17026 G Puneh Labaratany
v ACCEEDITATION Mo 1385 SITE Mo, 1982 58 Colin Jamsssan Diive
i WELSHPOOL Wi 8108

Tet (08) A323 4744 Fax (08) 32 ATES

arob
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial
Sections PRP16072

A mainroads

ABN: 50 BEQ BTG 021

SOIL CLASSIFICATION TEST REPORT Sheet 4 of 8
Report Mo 17 5648011 Freld M. Mot Applicable  Project Ne. WARRIP
Date Sampled 141 2/2018 Nate's Tested 110472017
Loca Govt Autharity City ef Swan )
Road Reid Highway
Location Reid Highwa, Wesibound SLK 19.750
Section 3. SLK 19.800 - 18.700
Sample ho. 56480
Reference Mo Met Appicable
Dapth, (mm}) 125
] 18.750 5LK
Sample Location Lwe
Figdd Dascription Limestone
Present Use Subbase
PED WA 1161 Sampling Method: WA 100.1
Pamenl Retained an
Sieve Sipe 37.50 mm 3
Sieve Slze jmm) % Passing
125.00
106,00 . . - .
75.00 100 - - -
§3.00 . - - -
37.50 o7
26.50 - N
18.00 91 -
13,20 . .
260
L]
475 - - - -
234 T - - -
1.18 - - - .
0.600 -
0.425 N
0.300 - . -
0.150
0.075 - 2 - .
00138 - - - -
LL WAIZDZ (%) - - - . N
PL  WAR211 %) - -
Pl W 1221 %) - -
LS WA 1231 (%) -
GROLP S¥YMBOL Py
[AS 1726 App A Sect A2) Hot
Comments | Disinzution Approved Signaory
TRIM Fila No. 16710252
Mame Mark Hopgo i
Funztion  Project Officer
Date 19012017
Documenl: 71050115 1 13508 1TALI01S DI 4RE2E3TI BAIN ROADE Weslem Augiralia
A Mintaras Engiraering
MATA Accrediled ki complance with ISCHEC 17025 JUG Punch Laboratory
ACCREDITATION Mo, 1588 SITE No, 1982 549 Calin Jamiesan Dive
M- WELSHPDOL Wik 8106
by Tol (D8} 9323 4744 Faw (08) 0323 4766

arob
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial

Sections

PRP16072

SOIL CLASSIFICATION TEST REPORT

ﬂmamroads

’\\]‘vill{‘\' AL ST %A

ABN: 50 BBD 678 021
Sheet & of A&

Repoit Mo. 17 55480 1/1 Fiedd Mo. Mot Applicable  Project No. WARRIP
Ciate Sampied nzroe Datais Tested S01/2017
Local Govt Authority Cily of Swan
Road ~ Reid Hijhway
Location o Reid Highway Westbound SLK 19.750
Section 3. 51K 19,800 - 1,700
Sample No. S6490
Reference No. Mol Applicatle
Depth, jmm) 380
. 19,750 SLK
Sampie Location LWP
Field Description Sand
Present Use Subgrade
PSOWA 115.1 Sampling Mathod: WA 1001
Parcen! Retamed on
Sieve Size 37 50 mm o
Sieve Size (mm) % Passing
125,00 .
106,00
TE.00 -
53.00
AF.80 =
26.50 -
19.00 -
13.20 - .
8.50 -
BE.7D - -
4,75 - =
2.35 100
1.18 100 -
0,600 a7
0428 61
0,300 30 -
0,150 g .
0.075 [ -
00138 5 - -
LL  WA1202 [ - -
PL WAT211 %) - . R
Pl WA 122 (%) -
LS WA1Z31 (R - -
GROUP SYMBOL
{AS 1726 App A Sect AZ) Mat Applicable

Commenis / Distribution
TRIM File No. 16/10252

Approved Signatory M

MNama Mark Hopgoood
Funclion Progect OMicer
Dala 9tz T

Document: 7 UDEM 15,1 |ssus: 1 TWE2015 DI4SEZEITI

Pal
NATA

Arcreceted for compliance wih IS0OAEC 17025

ACCREDITATION Mo, 1889 SITE Mo, 1
v . 1982

~a e
TECHM AL
B L

WAIN ROADS Weslemn Ausiralia
Matengls Enginasnng

JJiE Punch Leboratary

5-8 Colin Jamwson Qrive

WELSHFOOL WA E105

Tel (DB} 9323 4744 Fax (08) 0323 4766

aer
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial
Sections

PRP16072

FIELD DENSITY TEST REPORT

MAmainroads
'r_’“ ESTEREN ATSTHAL LA

AHN; 5O BE0 576 0N

Page E of B8
Report No. 17 36480 /1 Ref. Mo, Nol Applicable Fiasld Mo, Mot Applicable
Date Sampled 1122016 Dateds of Test 11122018 Test Depth 50 mm DT
Local Gowt. Audhority City of Swan
Road Reid Hig hway Westbound
Saection Section 3. SLK 19.800 - 19.700
ProjectiContract Mo, WARRIP Present | Proposed Use Basecoursa
Field Dascripticn Crushed Rock Base
WA 1341 Dry Dansity Ralic WA 136.1 Malsture Ralio
MDD Value Used: Mean | Individual OMC Value Used: Mean Individual
Chainage Transversa Dry Density Moo Fg Moisture OMC Ry
{tim"} Content %
i} {m) + {time) k] e % %
19,750 LWP 2118 3.2
® Density: WA 324 .2 WA 3241 " Moisture: WA 1101 WA 1102
Compaction: WA 1331 | WA 1332 WA 1321 Wia 132.2
Sample No, MDD um* OMC % Sample Mo, MDD tm? OMC %
Samphing Method: W
Mean MDD tim? Mean OMC kS
Std Dev MDD tm? Std Dev OMC %
10ry Densily Ratio  Mean % Maisiure Ratio Mean %
Std Dav ) Std Dev %
k Faclor k Factar
Char. Density (Re = R - k.8) b Char, Moistura (Rg = Ry + K.5) %
Specificabon % Specification k)
Comments/Distribution (Approved Signatory
TRIM File No. 16/10252 /%;}/(
MName Mark Hopgood -
Function Praject Officer
Cate 190042017
Dogumant 7105X24.2 155ue 07062008 TRIMD148E2ZEZST WAAIM RCADS Westen Australia
A Materiaks Engineeding
acoradied for comphance wilh ISCNEC 17025 JJG Punch Labaradory
NATA  ,coREDITATION No 1989 SITE Mo, 1582 5-3 Colin Jarisasin Diive
v WELSHPOOL WA 6106
TEOWMICAL Tel (0B) 8323 4744 Fax: |D8) BIFI ATEE
amrETie
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial

Sections

PRP16072

ads

"HATEA

AN A

'r" WS I-.]i I":l¥

]

0

i

ABMN: 5D 850 676 021

FIELD DENSITY TEST REPORT Pape 7 of B
Repart No. 17 5648011 Ref Mo, Mot Applicable Field Mo Mot Applicable
Date Sampled 111272016 Datels of Tast 11122018 Test Dapth 200 mm DT
Local Govt, Authority City of Swan
Road Reid Highway Westbound
Saction Section 3. SLK 19.800 - 19.700
Project'Contract Mo, WARRIP Present / Proposed Use Subbase
Fleld Description Lirmestane
WA 134 1 Diy Density Ralio WA 1361 Moisture Ratio
MDD Value Used: Mean | | Individual OMC Value Used: Mean Individual
Chainage Transverse Dry Density MOoD Rg Maisture OMC R
{tim™) Content %
{m} {m) : (o) % - % %
19750 LWP 1.868 5.8
* Density: WA 324.2 WA 3241 ** Moisture: WA 1101 WA 110.2
Compaction: Wa 1331 Wa 1332 || WA 1321 Wb 132 2
Sample No. MDD tim? OME % Sample No MDD tim? OMC %
Sampling Method: W
hean MDD Vim? Mean OMC W
Sid Dev MDD Wm? Sid Dev OMC %
Dry Density Ratic  Mean k3 Muoisture Ratio Mean B
Sid Dev Yo Sid Dev k0
k Factar k Factor
Char. Densily (R = Rg - K.8} 3% Char. Maoisture {R- = Ry, + k.5) %
Specification % Specification k)
Comments/Disiribution Approved Signatory
TRIM File Mo. 16/10252
Mame Mark Hopgood
Funclion Project Officer
Cate A840152017
Document THDSE24 2 lssus 07042015 TRIM.CHAR528257 MAIN RORDS Wastern Ausiraia
A Matenals Enginaenng
Aceredibed for complance wilh ISONEC 17025 LG Punch Laboralory
MATA  ccrenmanion no. 1985 SITE Ho 1682 5.8 Calin Jamisson Orive
v WELSHPOOL Wa 6106
:::EE Tek (OB 9323 4744 Faw, (08) 9323 4766
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial

Sections

PRP16072

S mainsoads

ABMN. 50 860 E76 021

DETERMINATION OF THE PENETRATION RESISTANCE OF SOIL

TEST REPORT Shest 8 of 8
Report Mo, 17 5849011 Reference Mo, Mol Aplicable Field Mo, Nol Aoplicable
Date Sampled 1122016 Datels Tested 11M22016 Project Mo. WARRIP
Local Govt Authority  City Of Swan
Road Reid Highway VWestbound
Localion Seclion 3. SLK 18.800 - 19.700
Present Use Pawement Subgrade
Soil Description Yellow Sand
Tested in accordance with test method: AS 1288632
Sampling Method:
Malsture Coment Method:
Depth below surface al the commencament of penetration; 380 mm
Reduced level of graund surface at test site: Mot Applicabia R.L
Loecation of ground waler table, f  Unknown:
intersected or known: N
Dwepth from surface for moisture condition Muoistyre Content
of soil determinaticn or wel or dry
mim
mm
mm
mm
mm
Penstration depth from surface {mm)| Panetration Cumulative ¥ Calculated
numbser of CBR
blows
Start Finlsh {mm} {xlcrans) %)
380 -_ 5885 | 175 70 114
Comments ! Distribution Approved Signatory
' Calculated CBR is not NATA accrediled.
TRIM Filx No. 168/10252
Name Mark Hopggod -
Funclion  Project Officer
Date 19012017
Document F1/05M 289 6,3.2 Issue: 1 H05/Z014 TRIM:D148629041 MAIN ROADS Wesbern Australia
FaY Malerials Engineenng
MATA  Accrediled for compsanca with ISOVIEC 17025 JJi3 Punch Labaradony
ACEREDITATION Ma. 1888 SITE Mo, 1982 5.9 Colin Jamieson Drive
yumsnan WELSHPOOL WA 8108

Ted: {08) 9323 4744 Fax [08) 8320 4786
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B.3.4 Summary of Laboratory Testing

Table B 10: Reid Highway investigation: In situ nuclear density and moisture results

ID Material Moisture (%) :?,;I:st)u nuclear density :\:n:::t::cst:gunczf/r:;;y at
BSL 45 1.83 1.85
R2 Limestone 5.7 1.92 1.90
Sand 35 - -
CRB 32 2.12 2.34
R3 Limestone 58 1.89 1.83
Sand 33 - -

Table B 11: Reid Highway investigation: BSL PSD

. . % Passing

Sieve size (mm)

R2
26.5 100
19.0 100
13.2 98
9.50 97
6.70 95
475 93
2.36 87
1.18 82
0.600 74
0.300 53
0.150 20
0.075 8

Table B 12: Reid Highway investigation: CRB PSD

% Passing

Sieve size (mm) Mean PSD from
R3 construction

report

26.5 100 -

19.0 99 100

13.2 84 91

9.50 70 -

6.70 61 -

475 55 55

2.36 39 40

1.18 28 30

0.600 21 22

0.425 18 19

0.300 15 16

0.150 12 12

0.075 9 9

0.0135 5 5
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Table B 13: Reid Highway investigation: limestone subbase PSD

. . % Passing
Sieve size (mm)
R3
75.0 100
375 97
19.0 91
2.36 7

Table B14:  Reid Highway investigation: in situ subgrade DCP results

ID Penetration Calculated CBR
(mm/blow)

R2 31 87

R3 25 114

= CRB calculated as per Clause 3.7.2 ERN9

Table B 15: Reid Highway investigation: Subgrade PSD

. . % Passing

Sieve size (mm)

R2 R3
2.36 100 100
1.18 100 100
0.600 87 87
0.425 63 61
0.300 3 30
0.150 8
0.075
0.0135 4
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APPENDIX C

KWINANA FREEWAY DATA

C.1 Results of RLT Testing of CRB and Limestone Subbase

The results of repeat load triaxial (RLT) testing on the CRB and limestone subbase under

various stress conditions are shown in Table C 1 to Table C 4.

Table C 1: RLT modulus: CRB (stress conditions 94/30 kPa, 28 day curing period)

Sample Specimen diameter (mm) ‘ Tested density ratio (%) ‘ Tested moisture ratio (%) ‘ Modulus (MPa)
28 day curing period

09M276AA | 100 99.2 63.6 423

09M276AB | 100 99.7 60.3 403

09M276AC | 100 99.1 545 537

09M276AD | 150 99.1 62.1 380

09M276AE | 150 98.6 59.6 406

09M276AF | 150 99.1 53.4 610

Average 99.1 58.9 460

Table C 2: RLT modulus: CRB (stress conditions 240/120 kPa, 28 day curing period)

Sample Specimen diameter (mm) ‘ Tested density ratio (%) ‘ Tested moisture ratio (%) ‘ Modulus (MPa)
28 day curing period

09M276AA | 100 99.2 63.6 656

09M276AB | 100 99.7 60.3 651

09M276AC | 100 99.1 545 797

09M276AD | 150 99.1 62.1 631

09M276AE | 150 98.6 59.6 647

09M276AF | 150 99.1 53.4 848

Average 99.1 58.9 705

Table C 3: RLT modulus: limestone subbase (stress conditions 94/30 kPa, various curing periods)

Sample Specimen diameter (mm) ‘ Tested density ratio (%) ‘ Tested moisture ratio (%) ‘ Modulus (MPa)
28 day curing period

09M161AA | 100 94.7 91.2 413
09M161AC | 100 94.4 73.1 431
09M161AD | 100 93.9 62.6 429
09M161BA | 150 94.2 88.7 442
09M161BB | 150 94.3 81.6 443
09M161BC | 150 94.3 7.7 455
09M161BD | 150 94.3 61.5 487
09M161CA | 100 94.2 92 403
09M161CB | 100 94.5 77.8 423
09M161CC | 100 94.4 72.3 401
09M161CD | 100 94.2 60.9 471
09M161DA | 150 94.2 90.9 460
09M161DB | 150 94.2 79.4 502
09M161DC | 150 94.2 725 477
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Sample ‘ Specimen diameter (mm) l Tested density ratio (%) | Tested moisture ratio (%) ‘ Modulus (MPa)
28 day curing period
09M161DD | 150 94.0 62.1 523
Average 94.3 75.9 451
180 day curing period
09M161AE | 100 94.8 86.5 408
09M161AF | 100 94.3 76.6 392
09M161AG | 100 94.3 72.6 410
09M161BE | 150 94.2 89.2 452
09M161BF | 150 94.4 79.9 418
09M161BG | 150 94.2 70.6 449
09M161BH | 150 94.1 57.1 563
09M161CE | 100 94.2 93.3 414
09M161CF | 100 94.2 83 441
09M161CG | 100 941 70.8 477
09M161CH | 100 94.3 59.6 510
09M161DF | 150 94.1 78.7 449
09M161DG | 150 94.2 72.3 482
09M161DH | 150 94.3 57.9 558
Average 94.3 74.9 459
365 day curing period
09M161Al | 100 93.5 89.1 395
09M161AJ | 100 94.6 79.9 468
09M161AK | 100 94.4 69.8 439
09M161AL | 100 94.5 59.7 523
09M161BI | 150 94.2 89.6 393
09M161BK | 150 94.3 70.5 428
09M161BL | 150 94.2 62.5 462
09M161CJ | 100 93.5 80 483
09M161CK | 100 94.1 7 517
09M161CL | 100 94.4 62.4 581
09M161DK | 150 93.4 66.5 490
09M161DL | 150 93.6 63.4 480
Average 94.1 72.0 472
730 day curing period
09M161A0 | 150 94.2 70.5 418
09M161CM | 150 94.2 83.4 448
09M161CN | 150 94.1 78.8 423
09M161DO | 150 94.1 79.1 428
09M161DP | 150 94.4 704 431
09M161DM | 150 94.1 59.7 471
Average 94.2 73.7 437
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Table C 4: RLT modulus: limestone subbase (stress conditions 240/120 kPa, various curing periods)
Sample Specimen diameter (mm) | Tested density ratio (%) ‘ Tested moisture ratio (%) ‘ Modulus (MPa)
28 day curing period
09M161AA | 100 94.7 91.2 571
09M161AC | 100 94.4 73.1 566
09M161AD | 100 93.9 62.6 574
09M161BA | 150 94.2 88.7 594
09M161BB | 150 94.3 81.6 601
09M161BC | 150 94.3 7 601
09M161BD | 150 94.3 61.5 641
09M161CA | 100 94.2 92.0 541
09M161CB | 100 94.5 77.8 590
09M161CC | 100 94.4 72.3 545
09M161CD | 100 94.2 60.9 618
09M161DA | 150 94.2 90.9 624
09M161DB | 150 94.2 794 686
09M161DC | 150 94.2 725 645
09M161DD | 150 94.0 62.1 714
Average 94.3 75.9 607
180 day curing period
09M161AE | 100 94.8 86.5 567
09M161AF | 100 94.3 76.6 527
09M161AG | 100 94.3 726 566
09M161BE | 150 94.2 89.2 599
09M161BF | 150 94.4 79.9 579
09M161BG | 150 94.2 70.6 626
09M161BH | 150 94.1 57.1 720
09M161CE | 100 94.2 93.3 560
09M161CF | 100 94.2 83 596
09M161CG | 100 94.1 70.8 636
09M161CH | 100 94.3 59.6 682
09M161DF | 150 94.1 787 625
09M161DG | 150 94.2 72.3 652
09M161DH | 150 94.3 57.9 751
Average 94.3 74.9 620
365 day curing period
09M161Al | 100 93.5 89.1 517
09M161AJ | 100 94.6 79.9 563
09M161AK | 100 94.4 69.8 556
09M161AL | 100 94.5 59.7 638
09M161BI | 150 94.2 89.6 521
09M161BK | 150 94.3 705 580
09M161BL | 150 94.2 62.5 630
09M161CJ | 100 93.5 80 575
09M161CK | 100 94.1 71 645
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09M161CL | 100 94.4 62.4 703
09M161DK | 150 93.4 66.5 678
09M161DL | 150 93.6 63.4 673
Average 94.1 72.0 607
730 day curing period
09M161A0 | 150 94.2 70.5 418
09M161CM | 150 94.2 83.4 448
09M161CN | 150 94.1 78.8 423
09M161DO | 150 94.1 79.1 428
09M161DP | 150 94.4 70.4 431
99M161DM 150 94.1 59.7 471
Average 94.2 73.7 589

C.2 Results of RLT Testing of BSL, Limestone Subbase and Sand

The results of RLT testing conducted on the BSL, limestone subbase and sand under a
range of test conditions are presented in Table C 5 to Table C 11.

Table C 5: RLT modulus: BSL (stress conditions 94/30 kPa, various curing periods)

Sample ‘ Specimen diameter (mm) ‘ Tested density ratio (%) ‘ Tested moisture ratio (%) ‘ Modulus (MPa)
29 day curing period

09M262A 100 100.2 52.0 430

09M262B 100 100.2 51.3 398

Average 100.2 51.7 414

74 day curing period

09M262D 100 100.3 51.6 534

09M262F 100 100.3 51.6 524

Average 100.3 51.6 529

Table C 6: RLT modulus: BSL (stress conditions 240/120 kPa, various curing periods)

Sample Specimen diameter (mm) ‘ Tested density ratio (%) ‘ Tested moisture ratio (%) ‘ Modulus (MPa)
29 day curing period

09M262A 100 100.2 52.0 670

09M262B 100 100.2 51.3 624

Average 100.2 51.7 647

74 day curing period

09M262D 100 100.3 51.6 797

09M262F 100 100.3 51.6 823

Average 100.3 51.6 810
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Table C 7: RLT modulus: limestone subbase (stress conditions 94/30 kPa, various curing periods)
Sample Specimen diameter (mm) | Tested density ratio (%) ‘ Tested moisture ratio (%) ‘ Modulus (MPa)
28 day curing period
12M7B 100 100.1 35.8 1035
12M7C 100 100.1 36.1 1170
12M7G 100 100.0 42.1 826
12M71 100 100.1 415 849
12M7N 150 99.9 36.6 1070
12M70 150 100.0 39.1 603
Average 100.0 38.5 926
90 day curing period
12M7D 100 100.0 35.9 972
12M7J 100 99.9 41.8 906
12M7L 100 100.1 4.7 939
12M7Q 150 99.3 344 823
12M7R 150 99.3 342 942
12M7T 150 994 38.1 893
Average 99.7 317 913

Table C 8: RLT modulus: limestone subbase (stress conditions 240/120 kPa, various curing periods)
Sample Specimen diameter (mm) ‘ Tested density ratio (%) ‘ Tested moisture ratio (%) ‘ Modulus (MPa)
28 day curing period
12M7B 100 100.1 35.8 1385
12M7C 100 100.1 36.1 1310
12M7G 100 100.0 42.1 1056
12M71 100 100.1 415 1164
12M7N 150 99.9 36.6 1456
12M70 150 100.0 39.1 838
Average 100.0 38.5 1202
90 day curing period
12M7D 100 100.0 359 1500
12M7J 100 99.9 41.8 1224
12M7L 100 100.1 4.7 1281
12M7Q 150 99.3 344 1129
12M7R 150 99.3 34.2 1227
12M7T 150 994 38.1 1220
Average 99.7 377 1264
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Table C 9: RLT modulus: sand (stress conditions 83/25 kPa, various curing periods)

Sample ‘ Specimen diameter (mm) | Tested density ratio (%) ‘ Tested moisture ratio (%) ‘ Modulus (MPa)

7 day curing period

12M212 | 150 | 96.4 | 17.1 L
28 day curing period
12M212 | 150 | 9.6 | 175 EL

Table C 10: RLT modulus: sand (stress conditions 94/30 kPa, various curing periods)

Sample ‘ Specimen diameter (mm) ‘ Tested density ratio (%) ‘ Tested moisture ratio (%) ‘ Modulus (MPa)
7 day curing period

12M212 | 150 | 964 | 174 | 386

28 day curing period

12M212 | 150 | 966 | 175 | 324

Table C 11: RLT modulus: sand (stress conditions 240/120 kPa, various curing periods)

Sample ‘ Specimen diameter (mm) ‘ Tested density ratio (%) ‘ Tested moisture ratio (%) ‘ Modulus (MPa)
7 day curing period

12M212 | 150 | 964 | 174 | 443

28 day curing period

12M212 | 150 | 966 | 175 | 381
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C.3  Specifications

WA3242 Dry Density and Moisture Content: Nuclear Method
WA3301 Layer Thickness: Direct Measurement

WAT17A1 Dispersion of Bitumen in Soi

WA T304 Bitumen Content and Particle Size Distribution of Asphalt

and Stabilised Soil: Centrifuge Method
WAS101 Chlorides and Total Soluble Salts in Soils and Water

WAD9151 Calcium Carbonate Content

SOUTHERN GATEWAY ALLIANCE
Specifications

Specification 100 GEMNERAL REQUIREMENTS
Specification 302 EARTHWORKS
Specification 303 PITS AND QUARRIES
Specification 503 BITUMINOUS SURFACING
Specification 504 ASPHALT SURFACING

501.03 DEFINITIONS

1. The following particular definitions shall apply:

a) PAVEMENT LAYER shall be any layer above
subgrade and will include shoulders.

b) RETAINED PAVEMENT shall be that portion of
existing pavement remaining after removal of the
existing seal.
2. Water used in any pavement construction or pavement Water
material manufacture process shall comply with the requirements of
Main Roads Western Australia publication 6706-02-133 “Water to be

used in Pavement Construction™ and shall be free from significant
guantities of suspended material, organic matter, oil or acid.

501.04 - 501.05 NOT USED
PRODUCTS AND MATERIALS

501.06 GRAVEL SUB-BASE - NOT USED

501.07 CRUSHED LIMESTONE SUB-BASE (FREEWAY HIGHWAY
AND LOCAL ROADS)

501.07.01 GEMERAL
1. This specification recognises that the limestone from the pits
in the southern section (Highway) of the project may be evaluated on

different criteria and it may not be possible to achieve the required

060501 -RW-CHD-SPA Pavements
Revision Date 9/ 872008
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properies according to the Standard 501 Pavements specification.
Recommendations based on experience from the South West Region
have been included to select limestone for this section of the project,
which may be used for the sealed pavements (Described as Highway or
Local Roadsin the specification). Sub base for asphalt pavements
should comply with the Freeway specification.

2. Research has shown that limestone produced within the
envelope o a coarser grading produces a sub base with a higher CBR.
Every effort should be made to produce material to the coarser grading.

3. The source material for the supply of crushed limestone
shall be free of organic material, clay lumps, cap rock or any other
foreign material deleterious to its performance in the pavement.

501.07 .02 PARTICLE SIZE DISTRIBUTION — WA 115.1

1. The material shall comply with the grading limits shown in Particle
Table 501.03. Size
Distribution
TABLE 501.03 PARTICLE SIZE DISTRIBUTION
(CRUSHED LIMESTONE SUB-BASE)
AS Sieve Size (mm) % Passing by Mass
(Mote1)
Freeway Limits Highway and Local
roads Limits
100 100 100
75 B8 -100 88 -100
19 55 - 85 55 -B5
2.36 35-65 35 -65
0425 /A 10 - 50
0.075 /A 0-20

Note 1 The envelope for this product is very wide based on local and regional
experience. Trials conducted on various sites have shown that materal crushed to the
coarser side of the envelope produces a sub base layer with higher CBR and stiffness.
Every effort should be made lo achieve the coarser grading.

501.07.03 OTHER. ACCEPTANCE LIMITS

1. The material shall comply with the grading limits shown in Other
Table 501.04. Acceplance
Limits

06050 RW -GHD-EP0 Paverments
Revision Diaie: 18,2008
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TAELE 501.04 OTHER ACCEPTANCE LIMITS (CRUSHED LIMESTOMNE)
Test Freeway Limits Highway Limits Test method

Los Angeles Abrasion o
Value of Crushed 20% Minimum, WA 2202
Limestone B60% Maximum
Calcium Carbonate P See Note 1 and
Content 60% Minimurm Table 501.05 WA 9151
Californian Bearing

. WA 1411
Ratio (Soaked 4 days) | goo, Minimum 60 % Minimum
at 94% of MDD and (Note2)
100% of OMC
Linear Shrinkage (on N
0.425mm) Mot greater than 1.0% WaA123.1

Note I Lower lonits for Calcium Carbonate may be accepted on the highway provided that
the MDCS meets the limits indicated in Table 501.05

Note 2: The same percentage of coarse material (passing the 53 mm and retained

on the 4.75 mm sieves) in the original figld sampile is to be maintained in the lest sample.
Refer to the test method for more details.

FABLE S0L05 CALCIUM CARBONATE CONTENT (CACO;) AND MAXIMUM DRY
COMPRESSIVE STRENGTH (MDCS) RELATIONSHIP.

CaC0s  WADIS] MDCS WA 140.1
30% - 45% Mot less than 1,500 kPa
45% - 60% Mot less than 1,100 kPa
60% - greater Mot less than 700 kPa

060501 -RW-OHDEEPA Pavements
Revision Date 9/ 872008
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0.075 7 4-13
0.0135 4 2-9

501.07.03 OTHER ACCEPTAMNCE LIMITS

1. The material shall comply with the limits shown in Table Other
501.09 Acceptance

Limits
TABELE 501.09 OTHER ACCEPTANCE LIMITS

(GRAVEL BASECOURSE)

(Suitable for all Minor Secondary Roads as shown on the drawings)

Test Limits Test Methad
Liguid limit 25.0% Maximurm WA 1202
Linear Shrinkage 2.0% Maximurm WA 1231
Maximum Dry

Compressive 2.3 MPa Minimurm WaA140.1
Strength

California Bearing
Ratio (Scaked 4
days) at 96% of MDD
and 100% of OMC

B80% Minimum WA 1411

501.09 CRUSHED ROCK BASE BASECOURSE

501.09.01 GEMERAL

1. This portion of the specification covers the manufacture of
crushed rock base o be used in the pavement as either unmoadified

(CRB) or modified as Hydrated Crushed Rock base (HCTCRB). There
are different requirements for the production of each of the matedals.

2. All crushed rock base shall consist of a uniformly blended
mixture of coarse and fine aggregale.

3. Coarse aggregate (retained 4.75mm sieve) shall consist of Coarse
clean, hard, durable, angular fragments of rock produced by crushing Aggregate
sound unweathered mck and shall not include materials which break up

when alternately welted and dried.

4. Fine aggregate (passing 4.75mm sieve) shall consist of Fine
crushed rock fragments or a mixture of crushed rock fragments with Aggregate
natural sand or clayey sand. Crushed rock fine aggregate from each

source shall, except as to size, comply with all the provisions specified

for coarse aggregate.

060501 -RW-OHDEEPA Pavements
Revision Date 9/ 872008
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5. See also Clause 501.09.06 for details of the manufacture of
Hydrated Cement Treated Crushed Rock Base (HCTCRE).
6. CRE and HCTCRE materials shall be mixed at a central

plant and laid by paver.

501.09.02 LIMITS OF ACCEPTANCE

1. The mixture of fine and coarse aggregate forming the rock
base shall be free from vegetable matter, lumps of clay, overburden, or
any other deleterious matter.

501.09.03 PARTICLE SIZE DISTRIBUTION

1. The Particle Size Distribution of the material when tested in
accordance with Test Method WA 115.1 shall comply with the
requirements shown in Table 501.18. The grading of material passing
the 37.5mm sieve shall vary from coarse 1o fine in a uniform and
consistent manner. It shal not be subject to extreme or near extreme
percentages of gradation represented by the maximum and minimum
limits from the various sieve sizes, and shall conform as closely as
possible to the specified target grading.

HCTCRB

Central
Plant Mixed
and Paver-
Laid

Particle
Size
Distribution

TABLE 501.18 PARTICLE SIZE DISTRIBUTION
(CRUSHED ROCK BASE)
AS 1152 Sieve Size % Passing by Mass % Passing by Mass
(rmim}) Target Grading
26.5 100
19.0 100 95 — 100
13.2 a2 70 —-90
9.5 70 60 — 80
4.75 50 40 - 60
2.36 38 30 - 45
1.18 25 20-35
0.600 19 13 -27
0.425 17 11 -23
0.300 13 §-20
0.150 10 5-14
0.075 a8 5-11
2 The Dust Ratio, defined as the ratio of the percentage Dust Ratio

passing by mass the 0.075mm sieve to the percentage passing by
mass the 0.425mm sieve, shall be within the range 0.35 to 0.60.

06050 RW -GHD-EP0 Paverments
Revision Diaie: 18,2008
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501.09.04 OTHER ACCEPTAMNCE LIMITS

1. The crushed rock base shall meet other limits as shown in Other

Table 501.19. Acceptance
Limits

TAELE 501.19 OTHER ACCEPTANCE LIMITS

(CRUSHED ROCK BASE)
Test Freeway Limits Highway Limits Test Method
(HCTCRE) (CRB)

Liguid Limit {Cone 25.0% Maximum WaA120.2

Penetrometer)

Plasticity Index 6.0 % Maximum 5.0% Maximum WA1221

Linear Shrinkage 2.0% Maximum 2.0% Maximum WaA123.1

0.4% Minimurm

Flakiness Index 30% Maximum WA216.1

Los Angeles 35% Maximum WA 2201

Abrasion Value

Maximurm Dry 1.7MPa Minirmum WA 1401

Compressive

Strength

California Bearing 100% Minimum WA141.1

Ratio (Soaked 4
days) at 98% of
MDD and 100% of
oMC

501.09.05 MOISTURE CONTENT

1. Crushed rock base shall be thoroughly mixed with water Mixing
using a pugmill to produce a homogeneous product suitable for
placement into final position.

2. Crushed rock base shal be pre-wet to within 95% to 110% Pre-wetting
of the Optimum Moisture Content as determined by Test Method WA
133.1.

501.09.06 HYDRATED CEMENT TREATED CRUSHED ROCK
BASE (HCTCRB)

060501 -RW-OHDEEPA Pavements
Revision Date 9/ 872008

aer

AUSTRALIAN ROAD RESEARCH BOARD - 168 - Jan Uary 20 18



Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial
Sections PRP16072

501.27 DRYBACK REQUIREMENTS

501.27.01 SUBGRADE - NOT USED

501.27.02 SUB-BASE

1. Basecourse construction shall not commence until the sub- Sub-Base
base has dried back such that the Dryback Characteristic Moisture Dryback
Content (DMc) is equal to or less than the proportion of Optimum

Moisture Content as shown in Annexure 501A as determined by WA

133.1 or 133.2. The Dryback Characteristic Moisture Content shall be

determined in accordance with Specification 201 QUALITY SYSTEMS

501.27.03 BASECOURSE

1. Mo binder shal be applied to a basecourse lot until it has Basecourse
dried back such that the Dryback Characteristic Moisture Content of Dryback
both the upper half and lower half of the basecourse layer is less than

or equal to the proportion of the Optimum Maoisture Content (OMC) as

specified in Annexure 501A as detemined by WA 133.1 or 133.2.

Where no such proportion of OMC is specified in Annexure 5014, the

Dryback Characteristic Moisture Content of the basecourse shall be

dried back to 85% of OMC. The Dryback Characteristic Moisture

Content shall be determined in accordance with S pecification 201

QUALITY SYSTEMS.

501.28 SPREADING

501.28.01 GEMNERAL

1. Each pavernent layer worked shall be generally parallel to
the finished pavement surface and shall extend the full width of the
layer.

501.28.02 SUB-BASE

1. Sub-base shall be worked in compacted layers not greater
than 250mm nor less than 100mm. Where less than 100mm is
required to be worked the underlaying sub-base shall be scarffied to
such a depth that the resulting compacted thickness of the layer to be
worked is not less than 100mm.

060501 R -GHD-5PA0 Pavements
Revigion Diaste: 9182008
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501.28.03 BASECOURSE

1. Basecourse shall be worked in compacted layers not more
than 200mm nor less than 100mm compacted thickness. Where less

than 100mm is required to be worked the underlying basecourse shall
be scarified to such a depth that the resulting compacted thickness of
the layer to be worked is not less than 100mm.

2 The respective pre-conditioned mixtures of CRB and CRB and
HCTCRE shall be spread by mechanical paver on the underlying layer HCTCRE

to the required width and to such thickness as will comply with the spread by
requirements specified in 501.41 to 501.46 after final compaction. mechanical
Segregation of the materials shall be avoided and the layer shall be paver

free from pockets of coarse and fine materials. Immediately prior to
spreading the CRB or the HCTCRE, the underlying layer shall be
moistened and kept moist but not excessively wet. If longitudinal
construction joints are necessary, they shall be constructed in the
positions to match the permanent longitudinal line markings.

501.29 COMPACTION

501.29.01 GEMERAL

1. Pavement material shall be spread and compacted to
achieve uniformity free from any evidence of segregation.

2. Compaction shall be carried out at a Construction
Characteristic Moisture Content (CM:) within 95% and 110% of the
Optimum Moisture Content and a uniform compactive effort applied
longitudinally and transversely to the road alignment to achieve the
density as specified in Annexure 501A, width, shape, level and surface
finish as specified.

501.2002 HYDRATED CEMENT TREATED CRUSHED ROCK
BASE (HCTCRB)

1. HCTCRB basecourse shal be compacted to a Density
Characteristic Dry Density Ratio given in Annexure 501A, or greater.

The maximum dry density used in the calculations shal be determined

on pre-freated material sampled from the basecourse lots prior to

compaction and shall be determined in accordance with Test Method

WA 1331, Pre-treatment shall comprise mixing HCTCRB material at a

moisture content dry of OMC in a cement mixer with a bowl of

approximately 0.06 cubic metres (2.2 cubic foot) capacity at 28

revolutions per minute for 20 £ 2 minutes.

2. Basecourse dryback prior to bituminous surfacing shall be in  Basecourse
accordance with Annexure 501A and shall be based on the OMC Dryback
determined at Clause 501.29.02.1.
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072

C.4 Historic Performance Data

Table C 1: Falling weight deflectometer, 2009 Report No. 09 FWD 257/1 (MRWA 2009)

e e e c e e e c Normalised to 700 kPa Normalised to 700 kPa
=) —_ E £ E £ £ £ E £ E No Temp Correction Austroads 2008 Correction to 29°C
&) = £ S = - S = = = =3 P
E |8 S| sE|s| 2| 8|83 |8 |8 |8 |2]|838]|E — — s | — s | —
s |=]7] 8 s |8S| || s ||| ||| = 5 ® s 5 = g s e | 2
a = Sl 8 |||l |2lz|l=2l=l=]=|¢= g E =3 | 5| 2| 55| 8| ¢
@ a B = = = = = = = = = c o 2 = 2 o 2 z 2
S| g | 5|8 | 8| 3| 8| 8|8 = s s3] 4 513 2
55.29 2 L 118 60 724 386 272 199 149 116 a7 79 68 46 0.373 0.110 1123 0.419 1.400 0.154
55.30 2 L 1186 60 728 376 265 198 148 117 a7 78 67 45 0.362 0107 1.124 0.407 1.405 0.150
55.31 2 L 136 60 729 391 270 20 151 118 98 79 68 44 0.378 01186 1.111 0.417 1.349 0.156
55.32 2 L 135 60 720 399 281 208 153 118 99 80 68 45 0.388 0115 1.112 043 1.352 0.156
55.33 2 L 13.8 &0 725 395 276 203 151 119 99 80 68 44 0.381 0115 1.109 0.423 1.343 0.154
55.33 2 L 125 &0 729 386 268 194 146 114 96 77 66 42 0.371 0113 1.118 0.415 1.381 0.157
55.34 2 L 13.0 &0 723 385 266 192 143 112 G4 75 65 42 0.373 0115 1.116 0.416 1.367 0.157
55.35 2 L 135 &0 723 392 26% 198 147 114 g5 76 66 0.380 0120 1.112 0.422 1.352 0.162
55.36 2 L 133 60 721 398 278 20 148 115 95 76 65 0.388 0117 1.113 0.430 1.358 0.158
55.37 2 L 29 60 721 392 273 199 147 115 96 78 66 42 0.381 0115 1.116 0.425 0.421 1.370 0.158 0.156
55.39 3 L 134 60 723 434 305 225 170 131 107 a2 69 42 0.420 0125 1.112 0.467 1.355 0.169
55.40 3 L 13.0 60 725 419 295 222 166 128 105 a2 68 1 0.405 0.120 1.116 0.452 1.367 0.164
55.41 3 L 134 60 728 M 3 222 165 128 104 82 68 0.401 0112 1.112 0.446 1.355 0.152
55.42 3 L 138 60 718 400 285 21 158 122 102 80 67 4 0.390 0113 1.109 0.433 1.343 0.152
55.42 3 L 13.9 60 722 408 293 220 165 127 105 82 68 42 0.396 0111 1.108 0.439 1.340 0.148
5543 3 L 146 60 720 408 297 225 169 130 107 84 70 42 0.397 0.108 1.103 0.438 1.319 0.143
5544 3 L 144 80 724 421 305 231 173 134 108 84 70 42 0407 0112 1104 0.449 1325 0148
5545 3 L 144 80 723 422 300 223 167 128 105 81 68 42 0408 0118 1104 0.451 1325 0156
55.46 3 L 1389 80 728 406 290 215 161 124 102 a3 689 4 0.391 0112 1.108 0.433 1.340 0.150
5547 3 L 147 80 720 402 279 208 157 121 101 80 67 42 0.390 0.119 1.102 0.430 0.444 1316 0.157 0.154
56.29 2] L 21.0 &0 719 384 270 202 158 130 113 g4 82 55 0.374 0111 1.049 0.392 1.148 0.127
56.30 2] L 226 &0 718 384 271 202 157 128 113 95 83 56 0.374 0111 1.038 0.388 1.113 0.123
56.31 2] L 227 680 724 401 278 204 160 132 115 96 83 54 0.387 0121 1.037 0.402 1.110 0.134
56.32 2] L 224 680 724 383 266 200 157 127 110 g2 81 53 0.370 0113 1.038 0.385 1117 0.127
56.33 2] L 228 &0 723 390 270 201 157 129 112 94 82 53 0.378 0117 1.036 ).391 1.108 0.129
56.33 2] L 226 &0 714 394 279 210 164 135 117 98 a5 56 0.385 0113 1.038 0.401 1.113 0.125
56.34 2] L 224 80 718 399 278 210 163 132 113 94 81 51 0.389 0.118 1.03% 0.404 1117 0.131
56.35 2] L 225 80 723 411 284 208 160 130 112 92 79 50 0.398 0123 1.038 0.413 1.115 0.138
56.36 12| L 223 60 725 380 268 203 157 128 110 90 I 47 0.367 0.108 1.040 0.381 1.119 0121
56.37 12| L 218 60 721 390 278 208 162 130 112 92 79 49 0.379 0110 1.043 0.395 0.395 1.130 0.124 0.128
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072

c c c c c c e £ Normalised to 700 kPa Normalised to 700 kPa
) _ E E £ £ E E £ £ E No Temp Correction Austroads 2008 Correction to 29°C
o = E = = = = o =] = = P
e lg| || sE|s| 2| 8|2 |28 |8 |88 = — = 1 = s 1 =
s |E|7| 8| 55 |8| S| E|E|E|E|E|E|=5]| = 5 s | 5| T | 85| 2| %
15l |51 & || s|2|zc|z2lzlelzlze|z2]| & s [z |2 35|38 |§8) ¢
” S| &8|&8|&8|&8|&8|&|8|3 = 3 s3] % 513 %
55.29 2 L 250 B0 715 381 258 184 139 111 96 80 70 47 0.373 0.121 1.022 0.382 1.066 0.129
55.30 2 L 242 B0 724 398 27 194 145 115 98 81 71 48 0.384 0122 1.027 0.385 1.081 0.1323
55.31 2 L 244 60 726 | 439 289 202 149 115 98 81 70 48 0423 0145 1.026 0434 1077 0.1559
55.32 2 L 242 60 721 413 275 195 143 115 98 81 70 47 0.401 0134 1.027 0412 1.081 0.1445
55.33 2 L 245 B0 724 | 400 271 190 141 111 96 79 68 45 0.387 0125 1.025 0.397 1.075 0.1347
55.33 2 L 250 80 719 395 264 189 139 11 95 78 68 45 0.384 0127 1.022 0.393 1.066 0.1354
55.34 2 L 248 60 723 | 401 267 184 134 106 N 75 65 43 0.388 0129 1.023 0.397 1.069 0.1383
55.35 2 L 250 60 720 396 259 182 135 107 92 75 64 42 0.385 0134 1.022 0.394 1.066 0.1425
55.36 2 L 259 B0 724 392 266 189 137 109 92 75 64 4 0.379 0.121 1.017 0.385 1.050 0.1272
55.37 2| L | 257 60 719 | 414 275 191 140 109 92 75 &4 4 0.403 0.136 1.018 0.410 | 0.400 1.053 0.1429| 0.138
55.39 3 L 267 60 723 | 445 300 217 160 123 103 80 68 43 0430 0.140 1.012 0436 1.03 01445
55.40 3 L 258 B0 723 | 455 308 219 160 124 102 80 68 42 0.440 0.142 1.017 0.448 1.051 0.1494
55.41 3 L 257 B0 721 435 303 215 156 120 100 80 88 43 0.423 0.129 1.018 0.430 1.053 0.1357
55.42 3 L 263 50 719 | 443 304 215 158 122 101 81 68 42 0.431 0.136 1.014 0438 1.043 01415
55.42 3 L 261 60 723 | 430 295 208 153 118 99 80 67 42 0416 0131 1.016 0422 1.046 0.1365
55.43 3 L 259 B0 77 | 425 290 209 153 120 99 79 &7 43 0.415 0131 1.017 0421 1.050 01375
55.44 3 L 261 B0 723 | 438 296 209 152 118 99 80 88 42 0.424 0.138 1.016 0.431 1.046 0.1441
55.45 3 L 264 50 719 | 442 285 206 150 118 99 79 &7 42 0.431 0144 1.014 0437 1.041 0.1498
55.46 3 L 266 60 721 430 289 203 151 118 100 80 68 42 0417 0.136 1.013 0423 1.03 01414
55.47 3 L 267 B0 722 | 431 294 208 152 119 100 80 68 43 0.418 0.133 1.012 0423 | 0.431 1.03 01374 | 0.1418
g2 | 12| L 320 60 719 | 427 281 203 158 131 114 96 85 57 0.416 0.142 0.980 0.407 0948 0.1346
56.30 12| L 37 60 718 | 433 287 205 160 132 116 97 86 58 0423 0143 0.982 0415 0953 0.1363
56.3 12| L 314 60 716 | 430 282 203 156 129 112 84 82 53 0.421 0.145 0.984 0414 0958 0139
56.32 12| L 324 B0 721 454 300 213 161 131 114 g7 85 57 0.446 0.154 0.978 0436 0942 0.1455
56.33 12| L 31.9 50 713 | 447 287 210 159 130 114 97 86 56 0.438 0.146 0.981 0.430 0.950 0.1391
56.33 12| L T 60 718 | 473 309 219 165 133 115 97 85 55 0.461 0.159 0.982 0452 0953 01517
56.34 12| L 319 B0 716 | 457 302 210 156 125 107 89 7 49 0.447 0.152 0.981 0.439 0950 01444
56.35 12| L 325 B0 717 | 493 320 222 165 133 115 85 82 52 0.481 0.169 0.977 0.470 0940 0.1586
56.36 12| L 328 50 720 | 447 289 21 159 129 111 91 78 49 0435 0144 0.975 0424 093 0.1351
56.37 12| L 324 60 714 | 463 296 21 160 129 112 92 9 50 0454 0.163 0.978 D444 | 0433 0942 01535 | 0.14378
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072

Table C 2: Falling weight deflectometer, 2010 Report No. 10 FWD 308/1 (MRWA 2010)

_ c E E E E E E E E Normalised to TOOIKPa Normalised to TO? kPa
O = = £ S S s ¥ = = S s S No Temp Correction Austroads 2008 Correction to 29°C
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[=1 o o o [=1 o o a a3 3 S 3 Lz S a L2
5529 | 2| L | 261 60 696 | 333 247 188 147 119 101 84 72 46 0.335 0.087 1.010 0.339 031 0.089
5530 | 2| L] 260 60 699 | 338 249 130 146 17 100 83 71 45 0.338 0.088 1.01 0.342 1.032 0.091
55.31 2|1 L] 263 60 697 | 344 251 192 148 17 99 81 69 45 0.345 0.094 1.009 0.349 1.027 0.097
5532 | 2| L | 260 60 698 | 353 257 197 150 118 100 81 69 45 0.354 0.097 1.011 0.358 1.032 0.100
5533 | 2| L | 260 60 704 | 349 256 192 147 17 99 81 69 43 0.347 0.093 1.011 0.351 1.032 0.096
5533 | 2| L] 25¢% 60 700 | 343 251 188 143 115 97 78 66 40 0.343 0.092 1.011 0.347 1.034 0.095
5534 | 2| L | 258 60 703 | 336 248 188 142 113 95 77 65 40 0.334 0.089 1.012 0.338 1.036 0.092
5535 | 2] L] 261 60 699 | 340 247 186 143 112 94 76 65 39 0.340 0.093 1.010 0.343 1.031 0.095
5536 | 2| L | 25¢ 60 700 | 334 248 185 141 111 3 75 64 39 0.334 0.086 1.011 0.337 1.034 0.089
5537 | 2| L] 263 60 702 | 347 252 186 140 111 94 76 65 40 0.345 0.095 1.009 0.349 | 0.346 1.027 0.097) 0.094
5539 | 3 | L | 265 60 698 | 354 264 201 154 121 101 80 68 40 0.355 0.0%0 1.008 0.358 1.024 0.092
5540 | 3 | L | 265 60 704 | 349 260 187 152 121 101 80 67 41 0.347 0.088 1.008 0.350 1.024 0.090
55.41 3| L] 269 60 702 | 356 267 204 156 122 102 80 66 39 0.355 0.089 1.006 0.357 1.017 0.091
5542 | 3| L] 2641 60 699 | 361 265 201 152 120 100 79 66 38 0.361 0.0%6 1.010 0.365 1.031 0.099
5542 | 3| L | 269 60 702 | 360 270 210 160 125 104 82 69 40 0.359 0.0%0 1.006 0.361 1.017 0.091
5543 | 3| L] 2741 60 700 | 369 269 207 159 125 104 82 68 39 0.369 0.100 1.005 0.370 1.014 0.101
5544 | 3 | L | 269 60 700 | 357 6 204 156 124 104 81 67 40 0.357 0.092 1.006 0.359 1.017 0.094
5545 | 3 | L | 268 60 697 | 366 272 206 157 125 103 81 68 40 0.367 0.094 1.006 0.369 1.019 0.095
5546 | 3 | L | 277 60 701 | 363 271 206 156 124 103 82 68 40 0.363 0.092 1.002 0.363 1.005 0.093
5547 | 3| L] 270 60 703 | 358 268 204 156 124 103 82 68 40 0.356 0.0%0 1.005 0.358 | 0.361 1.016 0.091] 0.094
56.29 |12 L | 374 60 700 | 329 238 188 154 133 119 101 89 58 0.329 0.092 0.944 0.311 0.863 0.079
56.30 |12 ] L | 3641 60 700 | 315 227 178 150 129 17 101 89 58 0.315 0.089 0.950 0.289 0.875 0.077
56.31 |12 L | 3641 60 703 | 336 243 189 158 135 121 102 90 56 0.335 0.093 0.950 0.318 0.875 0.081
56.32 |12 L | 3641 60 700 | 315 230 181 151 130 17 99 87 55 0.315 0.085 0.950 0.289 0.875 0.074
56.33 | 12| L | 357 60 699 | 319 229 184 153 133 120 102 90 56 0.320 0.0%0 0.952 0.304 0.880 0.079
56.33 |12 L | 347 60 701 ] 338 248 138 164 140 126 107 94 58 0.337 0.089 0.957 0.323 0.852 0.080
5634 | 12| L | 355 60 698 | 328 235 188 156 135 120 101 88 53 0.329 0.094 0.953 0.314 0.882 0.083
5635 | 12| L | 348 60 700 | 349 247 184 161 137 122 102 88 53 0.343 0.102 0.957 0.33 0.891 0.091
5636 | 12| L | 358 60 704 | 327 239 180 158 135 119 100 86 50 0.325 0.087 0.951 0.309 0.878 0.077
56.37 |12 L | 348 60 697 | 339 248 184 160 136 121 102 &7 52 0.340 0.0%2 0.957 0.325 | 0.314 0.891 0.082) 0.080

arGb

-173- January 2018



Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072

Normalised to 700 kPa Normalised to 700 kPa
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5528 | 2| L | 234 80 699 | 332 242 188 148 119 102 83 72 46 0.332 0.080 1.027 | 03413 080 | 0.0871
5530 | 2 | L | 228 B0 699 | 325 240 187 147 119 102 83 72 46 0.326 0.085 1.031 0.336 092 0.093
5531 | 2| L | 228 60 897 | 330 242 187 147 119 102 83 71 45 0.331 0.088 1.031 0.341 1.062 0.096
5532 | 2 | L | 225 &0 702 | 335 247 188 147 120 102 83 72 45 0.334 0.088 1.033 0.345 1.008 0.097
5533 [ 2| L | 230 80 897 | 327 240 185 145 118 100 81 B89 4 0328 0.087 1.030 0.338 1.088 0.095
5533 | 2 | L | 228 80 703 | 329 245 160 149 121 102 83 70 43 0.328 0.084 1.031 0.338 1.062 0.091
5534 | 2| L | 232 80 702 | 318 235 180 142 114 a7 80 68 42 0.317 0.082 1.028 0.326 1.084 0.089
5535 | 2 | L | 231 60 698 | 327 237 182 141 114 a6 78 67 40 0.328 0.090 1.028 0.338 1.086 0.098
5536 | 2 | L | 234 80 698 | 319 236 183 142 114 a7 78 67 40 0.320 0.084 1.027 0.329 1.080 0.090
5537 | 2| L | 230 80 702 | 338 244 185 145 115 a7 79 B85 40 0.335 0.092 1.030 0.345 | 0.33765| 1.088 0.100 | 0.09467
553% | 3| L | 241 80 704 | 334 248 183 151 122 103 83 70 42 0332 0.086 1.022 0.340 1.066 0.092
5540 | 3 | L | 234 80 700 | 333 249 167 153 124 105 84 70 42 0.333 0.084 1.027 0.342 1.080 0.091
5541 | 3| L | 232 80 697 | 335 254 188 185 124 104 83 B89 40 0.337 0.082 1.028 0.346 1.084 0.089
5542 | 3 | L | 235 80 700 | 338 252 185 154 124 104 83 89 41 0.336 0.084 1.026 0.345 1.078 0.090
5542 | 3| L | 238 80 705 | 330 249 194 152 122 102 82 88 41 0328 0.080 1.026 0.336 1.078 0.087
5543 | 3 | L | 240 80 697 | 332 248 162 150 121 102 81 68 40 0.334 0.085 1.023 0.341 1.068 0.091
5544 | 3| L | 235 80 702 | 338 250 194 151 121 102 82 B89 41 0.335 0.085 1.026 0.343 1.078 0.092
5545 | 3 | L | 239 80 700 | 333 245 189 147 119 101 81 68 40 0.333 0.088 1.024 0.341 1.070 0.094
5546 | 3| L | 241 80 697 | 319 237 184 144 116 a8 80 68 40 0.320 0.083 1.022 0.327 1.066 0.088
5547 | 3| L | 240 80 699 | 327 244 189 147 120 102 82 69 41 0.328 0.083 1.023 0.335 | 0.340 1.068 0.08% | 0.090
5629 (12| L | 297 80 695 | 333 240 189 155 132 116 89 &7 57 0.336 0.084 0.988 0.332 0.968 0.091
5630 [ 12| L | 293 80 707 | 345 251 196 162 137 121 103 90 59 0.342 0.083 0.991 0.339 0975 0.091
5631 [ 12| L | 281 80 698 | 351 256 167 159 134 17 89 86 53 0.352 0.085 0.992 0.349 0.979 0.093
5632 [ 12| L | 297 80 696 | 344 250 185 159 135 119 101 89 57 0.345 0.084 0.988 0.342 0.968 0.091
5633 [ 12| L | 297 80 696 | 348 252 198 184 139 124 105 91 57 0.348 0.084 0.988 0.344 0.968 0.091
5633 [ 12| L | 297 80 705 | 361 260 202 164 138 123 104 91 57 0.359 0.100 0.988 0.355 0.968 0.097
5634 [12| L | 295 80 708 | 354 258 198 160 133 115 96 83 50 0.350 0.085 0.989 0.346 0972 0.092
5635 [ 12| L | 303 80 703 | 372 264 203 165 139 122 101 88 52 0.370 0.108 0.84 0.364 0.958 0.103
5636 [ 12| L | 298 60 700 | 342 251 197 158 131 115 96 82 50 0.342 0.082 0.987 0.338 0.966 0.089
5637 [ 12| L | 298 80 702 | 349 250 194 157 133 118 97 83 50 0.348 0.008 0.989 0.344 [0.34519| 0870 0.095 | 0.093
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Table C 3: Falling weight deflectometer, 2011 Report No. 11 FWD 326/1 (MRWA 2011b)

_ c E E E E E E E E Normalised to TOOIKPa Normalised to TO? kPa
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5524 | 2| L | 284 60 700 | 329 242 182 140 113 97 80 69 44 0.329 0.087 1.003 0.330 009 0.088
5530 | 2 | L] 282 60 696 | 330 244 181 13 111 94 77 66 4 0.331 0.086 1.004 0.333 1.012 0.087
55.31 2|1 L] 298 60 701 | 335 247 184 140 111 95 77 66 0.335 0.088 0.995 0.333 0.985 0.087
5532 | 2| L 9.7 60 698 | 339 246 183 140 109 92 74 63 39 0.340 0.093 0.995 0.339 0.987 0.092
5533 | 2| L | 288 60 702 | 332 248 182 137 108 91 74 63 39 0.331 0.084 0.996 0.330 0.989 0.083
5533 | 2 | L | 284 60 701 | 333 247 178 13 105 89 71 60 36 0.332 0.086 0.997 0.332 0.982 0.085
5534 | 2| L | 208 60 701 | 331 240 175 131 103 87 70 59 35 0.330 0.090 0.996 0.329 0.989 0.089
5535 | 2 | L | 289 60 702 | 331 241 174 132 104 88 [ 60 37 0.330 0.091 0.994 0.328 0.983 0.089
5536 | 2| L | 300 60 701 | 313 231 169 128 102 85 69 58 34 0.312 0.081 0.993 0.310 0.982 0.080
5537 | 2| L | 288 60 699 | 332 241 175 131 103 86 69 58 35 0.332 0.091 0.996 0.331 0.329| 0989 0.090| 0.087
5539 | 3 | L | 304 60 701 | 339 259 189 143 111 92 72 61 34 0.339 0.080 0.991 0.335 0.974 0.078
5540 | 3 ] L] 3041 60 697 | 326 246 185 141 112 92 72 61 35 0.327 0.080 0.992 0.325 0.980 0.078
55.41 3|1 L] 302 60 700 | 329 248 185 139 110 91 7 59 33 0.329 0.081 0.992 0.326 0.978 0.079
5542 | 3 | L] 302 60 701 ] 334 246 181 137 107 83 69 58 33 0.334 0.088 0.992 0.33 0.978 0.086
5542 | 3| L | 304 60 702 | 342 254 185 140 110 92 7 61 33 0.341 0.088 0.991 0.33 0.974 0.085
5543 | 3 | L] 305 60 700 | 348 259 182 145 115 94 74 61 35 0.348 0.089 0.990 0.345 0.973 0.087
5544 | 3| L | 304 60 695 | 345 255 191 143 113 93 73 60 34 0.347 0.091 0.991 0.344 0.974 0.089
5545 | 3 | L | 304 60 704 | 346 263 185 147 116 95 75 62 35 0.344 0.083 0.891 0.340 0.974 0.080
5546 | 3 | L | 305 60 702 | 342 248 184 140 110 92 72 61 34 0.341 0.024 0.990 0.33 0.973 0.091
5547 | 3 | L | 307 60 705 | 350 252 189 144 113 94 75 61 34 0.347 0.087 0.989 0.343 0336 0.9689 0.094] 0.085
56.29 | 12| L | 349 60 702 | 314 228 176 144 125 112 96 84 55 0.313 0.086 0.963 0.301 0.906 0.078
56.30 | 12| L | 347 60 701 | 310 227 174 144 124 112 96 85 53 0.310 0.083 0.964 0.289 0.908 0.076
56.31 | 12| L | 3486 60 697 | 323 234 180 149 128 113 97 84 52 0.325 0.089 0.965 0.313 0.910 0.081
56.32 | 12| L | 3486 60 700 | 310 228 177 145 124 110 94 82 52 0.310 0.082 0.965 0.289 0.910 0.074
56.33 | 12| L | 3486 60 705 | 319 231 180 150 130 17 100 a7 55 0.317 0.088 0.965 0.306 0.910 0.080
56.33 |12 L | 343 60 698 | 320 238 187 153 133 119 102 89 57 0.321 0.082 0.966 0.310 0.914 0.075
56.34 | 12| L | 348 60 696 | 314 229 180 149 127 114 97 84 50 0.318 0.085 0.964 0.305 0.907 0.077
56.35 | 12| L | 347 60 699 | 335 240 185 152 128 113 96 82 49 ).336 0.085 0.964 0.324 0.908 0.087
56.36 | 12| L | 346 60 703 | 317 234 182 149 129 112 94 81 48 0.315 0.082 0.965 0.304 0.910 0.075
56.37 |12 L | 347 60 698 | 326 239 183 148 127 111 94 81 44 0.327 0.088 0.964 0.316 0.308| 0.908 0.080| 0.078
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072

P Normalised to 700 kPa Normalised to 700 kPa
E E E E E E E E E No T C ti Austroads 2008 C tion to 29°C
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5529 21 L) 282 &0 700 250 180 136 108 90 80 68 60 39 250 0.071 0.999 0.250 0.996 0.070
55.30 2 1L 291 60 701 258 187 142 114 95 3 70 61 40 5 0.070 0.999 25 0.998 0.070
55.31 21 L 298 60 700 267 194 147 116 97 B84 70 81 38 0.267 0073 0.995 0.266 0.985 0072
55.32 2 1L 297 60 700 270 192 145 115 96 84 70 61 38 0.270 0078 0.995 0.268 0.987 0.077
55.33 2 1L 296 60 700 261 186 139 112 93 81 68 59 37 0.261 0075 0.996 0.260 0.989 0.074
55.33 2 1L 297 60 702 263 190 145 115 94 3 B9 59 36 0.262 0072 0.995 0.261 0.987 0.071
55.34 2 1L 295 60 699 247 177 134 107 89 78 65 56 35 0.247 0.071 0.997 0.246 0.991 0.070
55.35 21 L | 288 &0 701 248 176 133 105 86 77 64 55 33 0.248 0072 0.995 0.246 0.985 0.071
55.36 21 L) 287 &0 7021 244 175 132 102 85 75 63 54 33 0.240 0.068 (0.995 0.239 0.987 0.085
55.37 21 L 287 &0 702 | 264 188 141 109 90 78 64 55 33 0.263 0.078 0.995 0.262 | 0.256 0.987 0.075 | 0.072
55.39 3| L 302 60 700 251 181 139 110 9 79 66 56 34 0.251 0.069 0.992 0.249 04978 0.068
55.40 I|L 301 60 599 244 176 133 107 89 78 B5 55 34 0.245 0.069 0.992 0.243 0.980 0.067
55.41 I|L 301 60 700 253 178 137 109 90 79 B5 55 33 0.253 0.075 0.992 0.251 0.980 0073
5542 I|L 302 60 595 249 180 137 108 90 79 66 56 34 0.251 0.070 0.992 0.249 04978 0.068
5542 I|L 303 60 708 243 174 132 104 88 76 63 54 32 0.241 0.068 0.991 0.23 0.976 0.067
5543 I|L 305 60 599 244 176 133 107 89 78 65 56 34 0.244 0.068 0.990 0.242 0973 0.066
55.44 3L 302 60 698 | 242 175 133 105 83 77 64 55 34 0.242 0.067 0,992 0.240 0.978 0.066
5545 3L 303 &0 699 | 236 171 129 104 ar 76 64 55 33 0.237 0.066 0591 0.235 0.976 0.064
5548 3L 305 60 693 | 223 163 121 98 3 74 62 24 33 0.225 0.061 0.990 0.223 0.973 0.059
5547 3| L 305 60 598 234 167 125 102 85 76 63 55 34 0.234 0.067 0.990 0.232 | 0.240 0973 0065 | 0.066
5629 12| L 325 60 701 329 229 173 141 121 108 93 82 54 0.328 0.0%9 0.977 0.321 0940 0.043
5630 12| L 324 60 599 323 231 174 141 119 106 81 80 52 0.324 0.093 0978 0.316 0942 0.087
56.3 12| L 321 60 697 327 231 175 141 119 105 88 i 49 0.328 0.097 0.980 0.322 0.946 0.082
5632 |12 L 325 60 703 328 233 178 141 121 107 91 80 52 0.326 0.094 0.977 0.319 0.940 0.08%
5633 (12| L 3286 60 708 338 247 86 149 127 112 94 83 5 0.336 0.091 0.976 0.328 0939 0.085
5633 [ 12| L 326 60 705 | 344 244 85 149 126 112 45 82 5 0.344 0.099 0.976 0.333 0.939 0.043
5634 [ 12| L 324 &0 704 | 340 241 79 141 118 103 a7 75 46 0.338 0.098 0,478 0.330 0.942 0.092
5635 [ 12| L 327 60 707 | 348 249 186 149 125 110 92 80 48 0.345 0.099 0.978 0.337 0.937 0.092
be3g |12 L 329 60 701 343 239 177 145 120 103 90 75 45 0.342 0.103 0.975 0.333 0.934 0.097
bB37T 12| L 328 60 702 343 243 179 145 123 108 80 T 45 0.342 0.100 0976 0334 | 0.327 0939 0034 [ 0.091
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072

Table C 4: Falling weight deflectometer, 2011 Report No. 11 FWD 336/1 (MRWA 2011c¢)

_ c E E E E E E E E Normalised to TOOIKPa Normalised to TO? kPa
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s |&lel s | S8 || S| 8| e8| &E|E|¢E|¢E|¢ £ E 8 | E| 5| 5| E| B
2 |23 g s 2 | 3| = S ks g 2 ] S S S = = Su = = Su = =
5 |E 8 23 |3 = | E| | E || || ]| = S 5 85 S = S 5 5 s
N T | 3E slslaelzl2lesl=z]l=]= g g £3 | 3| 2| 53| | 2
& a k- G = = | = = = | — 2 = a e 2 o o @ z [T}
c | 8| & | &|&|&8|&|&| & 3 3 5| &8 | 2 5|1 3| @
5528 | 2 | L | 255 60 702 | 333 237 179 138 114 99 85 73 47 0.332 0.096 1.014 0.337 1.041 0.100
5530 | 2 | L] 255 60 700 | 324 245 186 140 111 94 79 67 43 0.324 0.080 1.014 0.328 1.041 0.083
55.31 2|1 L] 255 60 701 | 328 245 184 139 111 92 78 65 42 0.328 0.083 1.014 0.332 1.041 0.086
5532 | 2| L] 258 60 704 | 332 252 189 142 111 93 77 63 40 0.331 0.080 1.013 0.335 1.039 0.083
5533 | 2| L | 258 60 701 | 347 261 194 144 111 91 75 62 40 0.345 0.085 1.012 0.350 1.036 0.088
5533 | 2 | L | 257 60 698 | 339 254 192 141 111 91 75 61 39 0.340 0.085 1.013 0.344 1.037 0.089
5534 | 2| L | 257 60 7041 337 251 188 13 109 90 73 60 37 0.335 0.086 1.013 0.340 1.037 0.089
5535 | 2 | L | 254 60 699 | 328 248 183 136 106 87 71 58 35 0.328 0.080 1.014 0.333 1.043 0.084
5536 | 2| L | 257 60 699 | 342 254 189 13 108 89 72 59 35 0.342 0.088 1.013 0.347 1.037 0.091
5537 | 2| L | 258 60 699 | 324 242 183 134 105 86 70 58 35 0.324 0.082 1.012 0.328 | 0.337 1.036 0.085 | 0.088
5539 | 3| L | 264 60 701 | 343 230 87 136 106 86 7 58 35 0.342 0.092 1.009 0.345 1.026 0.094
5540 | 3 | L | 2586 60 704 | 340 256 92 144 111 88 72 59 35 0.338 0.084 1.013 0.343 1.039 0.087
55.41 3| L] 265 60 704 | 332 255 194 143 113 92 74 63 36 0.331 0.077 1.008 0.333 1.024 0.079
5542 | 3 | L | 264 60 699 | 344 263 200 147 114 92 73 59 34 0.345 0.081 1.008 0.348 1.026 0.083
5542 | 3| L] 258 60 704 | 357 270 203 147 114 92 74 60 35 0.355 0.086 1.012 0.359 1.036 0.089
5543 | 3 | L] 259 60 699 | 354 273 209 152 117 94 75 63 35 0.355 0.082 1.011 0.359 1.034 0.084
5544 | 3| L | 262 60 703 | 357 273 207 153 119 97 76 61 35 0.355 0.084 1.010 0.359 1.029 0.086
5545 | 3 | L] 259 60 701 | 348 266 203 153 117 95 76 61 35 0.348 0.082 1.011 0.352 1.034 0.085
5546 | 3| L | 262 60 701 | 368 278 212 156 119 96 77 62 35 0.368 0.0%0 1.010 0.371 1.029 0.092
5547 | 3 | L | 258 60 702 | 351 268 200 145 113 95 74 59 35 0.350 0.083 1.012 0.354 | 0.352 1.036 0.086 | 0.087
5629 | 12| L | 264 60 699 | 158 139 13 119 111 102 93 81 53 0.158 0.019 1.009 0.159 1.026 0.019
56.30 |12 L | 269 60 699 | 293 222 179 146 124 109 94 81 52 0.293 0.071 1.006 0.285 1.017 0.072
5631 |12 L | 257 60 702 | 292 218 178 145 124 110 96 81 52 0.291 0.074 1.013 0.224 1.037 0.076
56.32 |12 L | 262 60 703 | 306 230 185 150 128 112 96 82 5 0.305 0.075 1.010 0.308 1.029 0.077
5633 | 12| L | 265 60 703 | 290 222 179 145 124 108 93 79 50 0.289 0.068 1.008 0.291 1.024 0.070
5633 |12 L | 263 60 699 | 293 226 184 150 129 113 98 84 52 0.294 0.067 1.008 0.226 1.027 0.069
5634 |12 L] 265 60 702 | 308 232 189 155 132 116 100 85 54 0.307 0.076 1.008 0.310 1.024 0.078
56.35 | 12| L | 260 60 701 | 303 231 187 151 128 112 97 81 49 0.302 0.072 1.011 0.305 1.032 0.074
5636 | 12| L | 267 60 705 | 326 244 199 159 135 116 99 83 49 0.324 0.081 1.007 0.326 1.021 0.083
56.37 |12 L | 265 60 700 | 298 232 188 153 129 111 95 79 47 0.298 0.066 1.008 0.301 | 0.289 1.024 0.068 | 0.069
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072
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55.29 21 L] 284 &0 699 | 314 236 183 141 114 97 82 69 45 0.314 0078 0.999 0314 0.998 0.077
55.30 2| L | 280 &0 701 316 238 184 142 114 96 81 68 44 0.315 0.077 1.000 0.315 1.000 0.077
5531 | 2| L | 281 60 700 | 319 | 239 | 187 | 142 | 114 96 80 67 43 0.319 0.080 089 | 0319 0998 | 0.080
5532 | 2| L | 285 60 702 | 333 | 249 | 190 | 143 | 115 a7 81 68 44 0.332 0.083 0896 | 0330 0990 | 0082
5533 | 2| L | 283 60 696 | 323 | 241 188 | 142 | 114 95 80 67 42 0.325 0.082 0998 | 0324 0994 | 0082
5533 | 2| L | 289 60 698 | 324 | 244 | 189 | 143 | 114 96 79 66 42 0.325 0.081 0994 | 0323 0983 | 0079
55.34 2| L | 288 &0 701 316 238 181 138 111 92 77 63 40 0.316 0.078 0.994 0.314 0.985 0.077
5535 | 2| L | 288 60 701 313 | 235 | 180 | 135 [ 109 a1 76 63 39 0.313 0.079 0094 | 0311 0985 | 0078
5536 | 2| L | 287 60 699 | 313 | 236 | 182 | 138 [ 110 a2 76 62 38 0.313 0.077 0895 | 0312 0986 | 00786
5537 | 2| L | 288 60 700 | 320 | 244 | 186 | 140 [ 111 a2 76 63 38 0.329 0.084 0996 | 0327 [0.31899| 0988 | 0083 [0.07907
5539 | 3| L | 285 60 701 | 321 246 | 192 | 148 | 119 99 81 67 40 0.320 0.074 0996 | 0319 0990 | 0073
55.40 3| L 284 60 701 331 256 200 154 124 103 84 69 4 0.331 0.075 0.997 0.33 0.992 0.075
5541 | 3| L | 284 60 703 | 333 | 257 | @8 | 152 | 122 [ 100 82 67 40 0.331 0.076 0eer | 033 0992 | 0075
5542 | 3| L | 283 60 699 | 332 | 287 oo | 152 | 121 100 82 67 40 0.332 0.075 0oee | 033 0994 | 0075
5542 | 3| L | 282 60 703 | 326 | 252 @3 | 147 | 118 99 80 66 39 0.324 0.073 0999 | 0324 0996 | 0073
5543 | 3| L | 280 60 696 | 325 | 251 o5 | 149 | 119 99 81 66 39 0.327 0.075 1000 | 0.327 1000 | 0075
5544 3| L 282 60 700 326 246 192 148 118 98 80 66 39 0.326 0.080 0.999 0.325 0.9%6 0.079
55.45 3| L 28.2 60 702 | 326 245 189 145 116 97 80 66 39 0.325 0.081 0.999 0.325 0.996 0.080
5546 | 3 | L | 277 60 702 | 312 | 240 g6 | 145 | 116 a7 80 66 39 0.311 0.073 1002 | 0312 1005 | 0073
5547 | 3| L | 283 60 700 | 319 | 243 o1 146 | 118 49 82 67 40 0.319 0.076 0098 | 0318 [0.32417| 0994 | 0075 |0.07535
5629 | 12| L | 313 60 698 | 324 | 236 | 189 | 152 [ 130 [ 116 | 101 87 57 0.325 0.088 0e78 | 0318 0.941 0.083
5630 | 12| L 318 60 699 | 339 252 197 159 136 120 103 88 58 0.339 0.087 0874 0.3 0932 0.081
56.31 121 L 321 60 701 346 254 200 159 134 118 1M 85 54 0.345 0.092 0.973 0.336 0.929 0.086
5632 | 12| L | 317 60 701 | 350 | 281 | 205 | 183 | 138 [ 120 | 103 88 57 0.349 0.089 0675 | 03u 0035 | 0083
5633 | 12| L | 317 60 6o | 358 | 288 | 213 | 170 | 144 | 125 | 108 91 58 0.359 0.080 0875 | 0350 0935 | 0084
5633 | 12| L | 319 60 701| 357 | 281 | 207 | 185 | 141 123 | 105 90 56 0.357 0.096 0974 | 0347 0932 | 0089
BE34 | 12| L 318 60 701 47 256 199 157 132 114 87 82 50 0.346 0.091 0874 0.337 0934 0.085
635 | 12| L M7 60 701 362 266 21 169 142 124 107 90 55 0.361 0.085 0875 0.352 0935 0.08%
5636 | 12| L | 318 60 696 | 352 | 281 | 202 | 160 | 132 | 145 g7 80 48 0.354 0.082 0674 | 0345 0934 | 0085
5637 |12 L[ 313 60 701 | 360 | 283 | 205 | 183 [ 137 [ 118 | 101 84 50 0.360 0.087 0678 | 0352 | 0.3408 | 0941 0092 | 0.086
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072

Table C 5: Falling weight deflectometer, 2012 Report No. 11 FWD 371/1 (MRWA 2012b)
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552¢ [ 2| L | 282 60 700 | 335 | 247 | 185 | 141 112 a7 80 68 44 0.335 0.088 1015 | 0340 044 | 0092
5530 [ 2 | L | 259 60 701 | 339 | 247 | 183 | 140 111 94 77 68 43 0.338 0.091 1017 | 0344 050 | 0098
$531 [ 2| L | 258 60 699 | 347 | 253 | 188 | 142 113 a5 7 67 42 0.347 0.094 1017 | 0353 1.051 0.099
5532 | 2| L | 260 60 699 | 353 | 261 191 141 111 a3 74 63 40 0.353 0.092 1016 | 0359 1048 | 0098
5533 | 2| L | 259 80 700 | 352 | 256 | 191 143 112 a3 75 63 40 0.352 0.097 1017 | 0358 1050 | 0.101
5533 | 2 | L | 257 60 698 | 343 | 250 | 182 | 137 105 89 71 59 35 0.344 0.093 1018 | 0350 1053 | 0098
5534 | 2| L | 258 80 701 | 338 | 244 | 179 | 133 105 88 70 59 35 0.338 0.094 1017 | 0343 1.051 0.099
5535 | 2 | L | 259 60 696 | 334 | 243 | 180 | 133 104 88 69 57 35 0338 0.092 1017 | 0342 1080 | 0098
5536 | 2 | L | 259 80 700 | 335 | 242 | 178 | 133 105 88 70 59 35 0.335 0.094 1017 | 0341 1080 | 0098
5537 | 2| L | 285 60 699 | 358 | 256 | 185 | 136 107 89 71 59 35 0.359 0.102 1013 | 0363 | 0.349 1039 | 0106 | 0.098
5539 [ 3| L | 268 60 702 | 352 | 261 194 | 144 111 a3 72 60 35 0.351 0.090 1.013 0.355 1038 | 0094
5540 | 3| L | 263 60 700 | 344 | 256 | 191 143 111 94 72 60 35 0.344 0.088 1.014 0.349 1043 | 0092
5541 [ 3| L | 259 60 700 | 354 | 261 193 | 145 111 a2 72 59 34 0.354 0.093 1.017 0.359 1080 | 0097
5542 | 3| L | 261 60 700 | 355 | 258 | 193 | 142 110 a0 71 59 33 0.355 0.096 1.016 0.361 1046 | 0101
5542 [ 3| L | 262 60 701 | 389 | 274 | 198 | 149 115 94 73 59 35 0.368 0.094 1.015 0.374 1044 | 0099
5543 | 3| L | 264 60 701 | 37 | 281 208 | 153 118 a7 75 62 36 0378 0.096 1.014 0.381 1.041 0.100
5544 [ 3| L | 268 60 703 | 385 | 270 ga | 150 115 a5 74 61 35 0.364 0.095 1.012 0.368 1034 | 0098
55.45 3L 26.7 60 699 | 366 272 205 152 17 a7 73 62 34 0.366 0.0%4 1.012 0.371 1.036 0.098
5546 [ 3 | L | 264 60 700 | 351 257 | 189 | 142 111 a2 72 60 34 0.351 0.094 1.014 0.356 1.041 0.098
5547 3L 26.7 60 700 345 257 192 145 112 94 72 60 34 0.345 0.088 1.012 0.349 | 0.362 1.036 0091 | 0.097
5629 12| L | 290 60 702 | 304 | 218 | 177 | 149 130 118 100 87 55 0.303 0.086 1.000 0.303 1000 | 0088
5630 | 12| L 285 60 701 299 218 175 149 130 118 100 88 55 0.299 0.081 1.003 0.300 1.007 0.081
5631 [12| L | 288 60 703 | 315 | 224 | 179 | 151 130 118 08 85 52 0.314 0.091 1.002 0.314 1006 | 0.091
8632 | 12| L 289 60 697 | 304 219 174 148 128 114 97 84 53 0.305 0.085 1.001 0.305 1.001 0.085
5633 [ 12| L | 298 60 701 | 314 227 | 182 | 154 135 121 104 91 56 0.310 0.083 0.996 0.309 0983 | 0082
5633 | 12| L 292 60 696 | 314 232 186 156 135 121 102 89 55 0.316 0.082 0.999 0.315 0.996 0.082
5634 [ 12| L | 294 60 700 | 312 | 228 | 183 | 154 133 118 100 87 51 0.312 0.084 0.997 0.311 0992 | 0083
5635 | 12| L 295 60 689 | 330 238 187 156 133 118 99 85 49 0.330 0.091 0.997 0.329 0.991 0.091
5636 [ 12| L | 294 60 701 | 307 | 225 | 180 | 152 129 114 96 83 47 0.308 0.082 0.997 0.306 0992 | 0.081
8637 | 12| L 291 60 701 322 237 188 158 136 121 10 87 51 0.322 0.086 0.999 0322 | 0311 0.998 0085 | 0.085

arGb

-179- January 2018



Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072
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5528 | 2| L | 255 60 705 | 315 230 177 137 112 96 80 69 45 0.313 0.084 1.019 0.319 057 0.089
55.30 2 1L 253 60 699 v 230 175 136 109 94 77 67 44 0.317 0.087 1.020 0324 1.060 0.092
55.31 2 1L 257 60 699 327 237 183 139 110 95 76 68 43 0.328 0.090 1.018 0.333 1.053 0.095
55.32 21 L 258 60 701 332 239 179 137 111 94 78 67 44 0.331 0.093 1.017 0337 1.051 0.0498
55.33 2 1L 256 60 698 324 235 178 136 109 93 76 66 42 0.325 0.089 1.018 033 1.055 0.094
55.33 2 1L 256 60 699 322 235 179 137 109 93 75 65 40 0.322 0.087 1.018 0.328 1.055 0.082
55.34 2 1L 255 60 697 309 223 168 129 104 a8 72 62 38 0.311 0.088 1.019 0.316 1.057 0.041
55.35 21 L 255 60 699 313 226 170 129 103 87 7 81 37 0.313 0.087 1.019 0.319 1.057 0.0492
55.36 2 1L 259 60 696 315 225 171 132 105 a8 72 61 37 0.317 0.088 1.017 0.322 1.050 0.091
55.37 21 L 253 60 699 328 235 178 134 108 90 72 62 38 0.329 0.093 1.020 0335 | 0.327 1.080 0048 [ 0.093
55.39 I|L 26.2 60 598 316 231 82 141 112 96 74 66 39 0.317 0.085 1.015 0.321 1.044 0.089
5540 | 3| L] 262 60 699 | 328 248 188 147 118 99 80 67 40 0.328 0.082 1.015 0.333 1.044 0.086
55.41 3| L] 262 60 697 | 328 244 187 145 115 97 78 66 40 0.330 0.085 1.015 0.335 1.044 0.089
5542 | 3| L] 268 60 697 | 332 245 187 145 118 98 78 66 40 0.334 0.088 1.013 0.33 1.038 0.091
5542 | 3| L] 262 60 702 | 322 240 182 142 113 96 77 85 38 0.321 0.082 1.015 0.326 1.044 0.086
5543 | 3| L] 285 80 699 | 325 241 184 143 115 g7 78 66 34 0.325 0.084 1.013 0.33 1.039 0.087
5544 | 3| L | 264 80 701 | 321 238 181 141 113 96 77 85 34 0.321 0.083 1.016 0.326 1.046 0.087
5545 | 3| L | 264 60 697 | 318 234 177 138 111 g5 77 65 34 0.320 0.084 1.014 0.324 1.041 0.088
5546 | 3| L | 262 60 702 | 314 233 180 13 113 g7 76 65 a7 0.314 0.081 1.015 0.318 1.044 0.085
5547 I|L 263 60 599 318 235 182 142 15 98 79 67 40 0.319 0.083 1.014 0323 | 0.327 1.043 0087 | 0.087
5629 12 L 29.0 60 703 333 233 181 152 131 118 101 89 58 0.331 0.099 1.000 0.33 1.000 0.099
5630 (12 L 285 60 700 341 243 180 157 136 121 104 92 59 0.341 0.098 1.003 0.341 1.007 0.099
56.31 12| L 285 60 598 344 243 180 154 132 118 100 87 54 0.345 0.101 1.003 0.346 1.007 0.102
bB32 |12 L 287 60 598 353 248 194 159 135 120 102 90 58 0.354 0.106 1.002 0.355 1.004 0.106
b33 12| L 29.0 60 701 362 256 199 165 142 126 107 94 58 0.361 0.106 1.000 0.361 1.000 0.106
5633 12| L 288 60 696 354 251 195 161 137 121 102 88 55 0.356 0.103 1.001 0.356 1.003 0.104
5634 12 L 285 60 598 345 243 187 152 129 114 96 82 50 0.348 0.103 1.003 0.347 1.007 0.103
5635 [12] L 279 60 702 365 248 195 160 137 122 103 89 54 0.364 0117 1.006 0.366 1.017 0.118
b36 12| L 2886 60 702 355 252 193 157 133 17 g7 83 49 0.354 0.103 1.002 0.355 1.006 0.104
bB37T 12| L 283 60 702 366 261 204 166 139 121 99 85 50 0.365 0.104 1.004 0.366 | 0.353 1.011 0.105 [ 0.105
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072

Table C 6: Falling weight deflectometer, 2013 Report No. 13 FWD 392/1 (MRWA 2013b)
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55.29 21 L] 240 60 699 | 335 246 184 141 114 96 79 68 44 0.336 0.089 1.028 0.345 084 0.096
55.30 2| L | 248 &0 699 | 334 243 175 138 110 95 76 66 42 0.334 0.092 1.023 0.342 069 0.098
55.31 2| L | 248 &0 699 | 341 248 185 13 111 93 75 64 41 0.342 0.093 1.023 0.350 1.069 0.100
55.32 2| L | 250 &0 699 | 357 258 188 142 110 92 73 63 40 0.358 0.099 1.022 0.366 1.066 0.105
55.33 2| L | 248 &0 699 | 349 253 186 140 110 9 73 62 38 0.350 0.096 1.023 0.358 1.069 0.103
55.33 2| L | 255 60 700 | 340 246 176 134 104 88 71 61 37 0.340 0.094 1.019 0.347 1.057 0.100
55.34 2| L | 253 &0 698 | 329 235 172 130 101 84 67 57 35 0.330 0.094 1.020 0.337 1.060 0.100
55.35 2| L | 251 &0 703 | 335 243 178 135 104 a7 69 58 35 0.334 0.092 1.021 0.341 1.064 0.098
55.36 2| L | 253 &0 701 340 245 180 135 105 a7 69 57 34 0.340 0.095 1.020 0.346 1.060 0.101
55.37 2| L | 250 &0 700 | 362 256 185 136 105 a7 69 57 33 0.362 0.1086 1.022 0.370 | 0.350 1.066 0113 | 0.101
55.39 I|L 250 &0 703 | 340 254 188 142 111 9 71 59 35 0.338 0.086 1.022 0.346 1.066 0.092
55.40 I|L 2489 0 699 | 336 251 187 143 112 92 73 60 35 0.336 0.084 1.023 0.344 1.067 0.090
55.41 Il L 248 0 7041 353 262 194 146 113 93 72 60 35 0.351 0.0%0 1.023 0.359 1.067 0.097
55.42 I|L 251 0 697 | 358 260 188 142 110 89 70 58 33 0.359 0.098 1.021 0.367 1.064 0.105
55.42 I|L 253 60 702 | 364 270 202 151 115 93 72 59 33 0.363 0.0%4 1.020 0.370 1.060 0.099
5543 I|L 2586 &0 698 | 366 269 199 151 116 94 73 60 33 0.367 0.098 1.018 0.374 055 0.103
55.44 I|L 257 60 701 365 268 200 150 117 95 73 60 34 0.365 0.097 1.018 0.371 1.053 0.103
55.45 Il L 256 60 697 | 371 270 197 148 115 94 72 59 33 0.373 0.102 1.018 0.380 1.055 0.107
55.46 I|L 255 60 702 | 340 248 184 140 108 90 70 58 33 0.339 0.091 1.019 0.345 1.057 0.096
55.47 I|L 255 0 702 | 340 252 189 143 111 92 71 58 32 0.339 0.088 1.019 0.346 | 0.360 1.057 0093 | 0.098
5624 | 12| L 274 60 701 282 215 174 149 129 115 89 87 55 0.281 0.067 1.008 0.283 1.025 0.068
56.30 | 12| L 27.2 0 701 283 213 174 148 129 115 99 86 55 0.283 0.070 1.009 0.285 1.028 0.072
56.31 121 L 27.0 60 7041 290 216 175 150 129 115 97 84 50 0.283 0.074 1.010 0.292 1.0 0.078
5632 | 12| L 27.0 0 696 | 269 207 169 144 125 112 85 83 51 0.271 0.062 1.010 0.273 031 0.064
5633 | 12| L 26.7 60 701 285 217 179 154 135 121 103 90 55 0.285 0.068 1.012 0.288 1.036 0.071
5633 | 12| L 26.6 0 £98 | 295 224 182 156 135 120 102 89 54 0.296 0.071 1.013 0.300 1.038 0.073
5634 | 12| L 26.8 60 699 | 305 231 187 156 134 17 87 83 47 0.306 0.075 1.012 0.309 1.034 0.077
5635 | 12| L 26.7 &0 698 | 307 234 186 157 133 17 96 82 47 0.308 0.074 1.012 0.312 1.036 0.076
5636 | 12| L 26.6 60 700 | 289 219 177 149 129 114 84 81 45 0.283 0.070 1.013 0.293 1.03 0.072
5637 | 12| L 266 60 705 | 308 237 189 159 136 120 100 85 49 0.307 0.072 1.013 0311 ] 0.295 1.038 0074 | 0073
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072
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5529 | 2| L] 208 60 704 | 316 238 182 144 118 100 82 70 46 0.314 0.078 1.051 0.330 52 0.08%
5530 | 2 | L | 208 60 703 | 323 239 184 146 118 99 82 69 44 0.321 0.083 1.051 0.338 1.162 0.096
55.31 21 L) 210 &0 702 | 332 249 190 149 120 102 81 71 45 0.3 0.083 1.049 0.347 48 0.085
5532 | 2| L | 208 60 701 343 253 192 147 118 99 80 69 44 0.342 0.089 1.050 0.359 150 0.103
5533 | 2| L | 208 60 01| 337 247 188 146 17 99 79 68 43 0.336 0.089 1.050 0.353 150 0.103
5533 | 2| L | 210 60 703 | 334 245 188 146 116 98 79 68 41 0.332 0.089 1.049 0.349 1.148 0.102
5534 | 2| L | 208 &0 700 | 320 236 178 13! 111 94 75 64 39 0.320 0.084 1.050 0.336 150 0.096
5935 | 2| L | 210 60 703 | 325 240 183 141 113 95 76 4 39 0.324 0.085 1.049 0.340 1.148 0.097
5536 | 2 | L | 208 60 700 | 320 240 183 143 115 96 76 64 39 0.320 0.079 1.050 0.335 150 0.091
5537 | 2| L | 208 60 700 | 323 238 179 137 108 89 68 56 3 0.323 0.085 1.050 0.339 | 0.343 1.150 0.098 | 0.097
5539 | 3| L | 210 60 700 | 327 247 192 151 121 101 81 &7 39 0.327 0.080 1.049 0.343 1.148 0.091
5540 | 3| L | 210 60 703 | 338 256 200 156 124 104 82 9 41 0.336 0.082 1.049 0.353 1.148 0.094
55.41 I L) 211 60 704 | 341 259 198 156 124 103 82 68 41 0.339 0.081 1.048 0.355 1.145 0.043
5542 | 3| L | 214 80 703 | 343 259 200 158 124 104 82 69 40 0.344 0.083 1.048 0.358 1.145 0.085
542 | 3| L | 211 60 702 | 334 255 196 152 120 101 80 &7 39 0.333 0.079 1.048 0.349 1.145 0.091
5543 | 3| L | 211 60 700 | 332 251 195 153 122 101 82 68 41 0.332 0.081 1.048 0.348 1.145 0.093
5544 | 3| L | 211 60 704 1 331 252 195 152 122 102 81 68 40 0.329 0.078 1.048 0.345 145 0.090
5545 | 3 | L | 210 80 701 | 329 249 192 150 120 101 81 67 40 0.328 0.079 1.049 0.344 1.148 0.091
bhd4s | 3 | L | 211 60 700 | 321 243 190 151 121 102 a2 69 42 0.321 0.078 1.048 0.337 1.145 0.090
5547 | 3| L | 211 60 701 332 250 192 152 125 105 84 70 41 0.332 0.082 1.048 0.348 | 0.348 1.145 0094 | 0.092
5629 [ 12| L | 235 60 702 | 301 228 184 155 134 119 101 89 56 0.300 0.073 1.032 0.310 1.094 0.080
5630 [ 12 L | 231 80 704 | 315 237 192 162 139 124 104 92 57 0.313 0.077 1.034 0.324 1.102 0.085
56.3 121 L | 240 60 700 | 314 238 91 160 137 12 101 88 54 0.314 0.076 1.028 0.323 1.084 0.083
5632 | 12| L | 248 60 703 | 336 253 20 165 141 124 105 91 57 0.335 0.083 1.025 0.343 1.073 0.089
5633 [ 12| L | 245 60 699 | 336 256 208 171 148 129 108 94 58 0.337 0.081 1.025 0.345 1.075 0.087
5633 [ 12| L | 243 80 700 | 332 253 202 169 144 127 107 92 55 0.332 0.079 1.026 0.341 1.079 0.085
5634 [ 12| L | 243 60 701 | 329 245 194 159 134 118 48 84 50 0.328 0.084 1.026 0.337 1.079 0.090
5635 | 12| L | 235 60 702 | 333 248 98 165 142 124 104 89 52 0.332 0.084 1.032 0.342 1.094 0.092
5636 [ 12| L | 248 60 700 | 340 252 99 162 138 120 99 85 50 0.340 0.088 1.025 0.348 1.073 0.085
5637 [ 12| L | 248 60 701 | 347 260 205 168 143 124 102 87 51 0.346 0.087 1.023 0.354 | 0.337 1.069 0.093 | 0.088

arGb

-182- January 2018




Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072
Table C 7: Falling weight deflectometer, 2014 Report No. 14 FWD 405/1 (MRWA 2014)
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55.25 21 L] 31 &0 702 | 337 240 175 139 113 a7 81 70 45 0.338 0.097 0.986 0.332 0.983 0.093
55.30 2|1 L | 310 60 699 | 339 244 180 138 112 94 77 66 43 0.339 0.095 0.987 0335 0.964 0.092
5531 [ 2| L | 315 60 696 | 345 247 181 138 111 94 77 65 41 0.347 0.098 0.983 0.342 0.956 0.094
5532 | 2| L | 311 60 703 | 348 245 177 135 108 83 73 61 39 0.348 0.102 0.986 0.341 0.963 0.098
5533 | 2 | L | 313 80 702 | 348 247 182 137 107 89 71 61 38 0.347 0.101 0.985 0.342 0.959 0.047
5533 | 2| L | 308 60 701 | 352 245 174 132 104 85 B8 56 33 0.351 0.107 0.988 0.347 0.968 0.103
55.34 21 L) 312 60 698 | 340 41 170 128 100 82 66 55 33 0.341 0.099 0.985 0.336 0.9861 0.095
55.35 2|1 L | 310 60 700 | 438 242 173 130 102 85 69 57 34 0433 0197 0.987 0433 0.964 0.190
5536 | 2 | L | 308 80 700 | 334 235 170 129 101 83 67 55 32 0.334 0.099 0.987 0.330 0.966 0.098
5537 | 2| L | 314 60 700 | 347 243 175 131 103 85 B7 56 33 0.347 0.105 0.984 0.342 | 0.348 0.958 0.100 | 0.106
5539 | 3| L | 359 60 701 | 340 249 182 136 107 87 B8 55 31 0.340 0.091 0.957 0.325 0.893 0.081
5540 | 3| L | 365 60 700 | 341 248 181 13 109 89 71 57 33 0.341 0.093 0.954 0.325 0.835 0.082
55.41 Il L 3586 0 B9G | 348 251 184 13 108 a8 69 57 32 0.349 0.098 0.959 0.335 0.897 0.088
55.42 3| L 344 60 705 | 353 250 183 137 106 87 69 55 31 0.350 0.102 0.966 0.33 0913 0.093
5542 | 3| L | 357 60 a7 | 355 282 189 142 109 89 B8 55 30 0.358 0.094 0.959 0.341 0.895 0.084
5543 | 3| L | 348 60 705 | 360 285 195 147 114 93 72 57 32 0.358 0.085 0.964 0.345 0.907 0.088
5544 | 3| L | 347 60 704 | 355 261 191 146 114 92 71 58 33 0.353 0.094 0.964 0.341 0.908 0.088
5545 | 3| L | 341 60 706 | 363 284 197 149 115 93 72 58 31 0.360 0.098 0.968 0.348 0.917 0.090
55.46 Il L 341 0 702 33 253 182 137 107 a8 69 56 30 0.330 0.078 0.968 0.319 0917 0.071
55.47 3| L 346 60 B89 | 343 256 188 144 113 92 73 58 32 0.343 0.087 0.965 0.33 0.335 0.910 0079 | 0.084
5629 | 12| L | 431 60 Boa | 287 211 189 146 128 116 99 a7 55 0.287 0.076 0.923 0.285 0.817 0.062
5630 [ 12| L | 447 60 pog | 277 203 185 143 127 115 99 a7 55 0.278 0.074 0.916 0.254 0.803 0.059
5631 [ 12| L | 442 60 703 | 294 212 168 145 128 115 98 86 52 0.293 0.082 0.918 0.289 0.807 0.066
5632 [ 12| L | 421 60 702 | 274 197 59 13 122 109 94 82 51 0.273 0.077 0.927 0.253 0.826 0.083
5633 | 12| L | 444 0 696 | 288 210 168 145 129 116 89 a7 53 0.288 0.077 0.918 0.264 0.805 0.062
5633 | 12| L | 430 60 700 | 280 210 169 147 130 17 101 88 54 0.280 0.070 0.923 0.258 0.817 0.057
5634 [ 12| L | 453 60 703 | 29 216 171 146 128 113 95 82 45 0.295 0.080 0.914 0.270 0.798 0.083
5635 | 12| L | 441 60 703 | 304 217 174 147 129 114 95 81 45 0.303 0.087 0.919 0.278 0.808 0.070
5636 | 12| L | 444 60 Bog | 290 211 166 142 124 110 92 79 45 0.290 0.079 0.918 0.286 0.805 0.064
5637 | 12| L | 435 &0 699 | 313 227 179 151 131 117 88 84 47 0.313 0.086 0.921 0.289 | 0.267 0.813 0.070 | 0.064
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072
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5529 | 2| L | 268 60 696 | 251 | 180 | 137 | 112 | o 83 71 62 40 0.253 0.071 1012 | 0256 034 | 0.074
5530 | 2 | L | 273 60 695 | 258 | 186 | 142 | 116 | o7 85 72 61 40 0.260 0.073 1008 | 0.263 026 | 0075
5531 | 2 | L | 282 60 693 | 279 | 203 | 153 24 | 102 | e8 73 63 39 0.282 0.077 1004 | 0283 1012 | o078
5532 | 2 | L | 284 60 693 | 280 | 201 | 151 | 120 | 100 | 86 71 62 39 0.283 0.080 1003 | 0.284 1008 | 0.081
5533 | 2| L | 282 60 6ot | 273 | 198 | 148 | 118 | ga 85 71 60 39 0.277 0.078 1004 | 0278 1012 | o078
5533 | 2 | L | 280 60 693 | 271 | 195 | 146 | 118 | o7 84 70 59 36 0.274 0.077 1005 | 0275 1015 | 0.078
5534 | 2| L] 288 60 6oa | 261 | 185 | 139 | 111 | g2 80 66 57 34 0.263 0.077 1.001 263 1003 | o077
5535 | 2 | L | 285 60 693 | 265 | 191 | 142 | 113 | w 81 67 57 35 0.268 0.075 1003 | 0.268 1007 | 0076
5536 | 2 | L | 288 60 692 | 264 | 190 | 142 | 114 | g3 80 66 56 34 0.267 0.075 1002 | 0.267 1006 | 0.075
5537 | 2 | L | 285 60 695 | 274 | 196 | 145 | 115 | o5 82 67 57 34 0.276 0.079 1003 | 0277 | 0.271 1007 | 0.080 | 0.077
553¢ | 3 | L | 203 60 695 | 256 | 183 3 11| 82 80 66 56 34 0.258 0.074 0698 | 0.257 0994 | 0.074
5540 | 3 | L | 297 60 690 | 270 | 196 49 | 120 | o 85 68 57 34 0.274 0.075 0895 | 0272 0.987 | 0.074
5541 | 3| L | 205 60 a1 | 272 | 201 51 | 121 | g8 85 69 58 34 0.275 0.072 0697 | 0.274 0991 | 0.071
5542 | 3| L | 204 60 o0 | 276 | 204 | 155 | 124 | 101 | 86 69 58 34 0.280 0.073 0697 | 0278 0952 | 0073
5542 | 3| L] 208 60 a1 | 272 | 195 4 | 118 | o7 3 68 57 34 0.276 0.078 0695 | 0.274 0.985 | 0.077
5543 | 3 | L] 300 60 690 | 269 | 194 47 | 119 | @8 84 69 58 35 0.273 0.076 0693 | 0271 0982 | 0.074
5544 | 3| L] 302 60 693 | 276 | 200 51 | 121 | o8 85 69 58 34 0.279 0.077 0692 | 0277 0978 | 0.075
5545 | 3 | L | 301 60 689 | 270 | 196 a8 | 18 | o7 84 69 57 34 0.275 0.075 0692 | 0272 0980 | 0.074
5546 | 3| L | 207 60 692 | 257 | 188 42 | 15 | @8 3 68 58 35 0.260 0.072 0695 | 0.258 0.987 | 0.071
5547 | 3| L | 208 60 693 | 275 | 198 | 151 | 120 | 100 | &7 71 60 35 0.278 0.077 0696 | 0276 | 0271 | 0% | 0076 | 0.074
56.2¢ | 12] L | 437 60 60 | at0 | 213 | 185 | 142 | 125 | 113 | o7 85 55 0.314 0.068 0620 | 0.288 0811 | 0.079
5630 | 12| L | 433 60 700 218 | 218 70 | 145 | 126 | 114 | e8 85 54 0.318 0.100 0622 | 0283 0815 | 0.081
56.31 | 12] L | 441 60 696 | 228 | 224 | 172 | 145 | 127 | 114 | @8 84 51 0.330 0.105 0819 | 0.303 0.808 | 0.085
5632 | 12| L | 458 60 689 | 234 | 226 73 | 146 | 128 | 115 [ e8 84 54 0.339 0.110 0812 | 0.308 0793 | 0.087
5633 | 12| L | 458 60 pes | 230 | 233 | 178 | 151 | 131 | 117 [ o 87 53 0.346 0.108 0812 [ 0315 0793 | 0.085
5633 | 12| L | 477 60 6es | 45 | 227 | 176 | 148 | 128 | 114 | e8 85 52 0.352 0.120 0505 | 0.318 0780 | 0.094
5634 | 12| L | 477 80 a9 | 337 | 222 | 169 | 141 | 121 | 108 [ @0 77 45 0.342 0.116 0905 | 0.309 0780 | 0.091
5635 | 12| L | 464 80 Beg | 42 | 224 | 73 | 146 | 127 | 113 | o5 83 48 0.347 0.119 0910 | 0316 0789 | 0.094
5636 | 12| L | 466 80 Beg | 328 | 220 | 168 | 141 | 120 | 108 | 8o 78 45 0.334 0.110 0909 | 0.304 0788 | 0.087
5637 | 12| L | 486 80 Bag | 326 | 224 | 175 | 148 | 125 | 113 | o 80 47 0.33 0.103 0902 | 0208 | 0305 | 0773 | 0080 | 0086
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072

Table C 8: Falling weight deflectometer, 2015 Report No. 15 FWD 443-444/1 (MRWA 2015a)
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5528 | 2 | L | 148 60 686 | 331 237 173 136 106 90 72 63 40 0.337 0.095 1.100 0.371 310 0.125
5530 | 2 | L | 164 60 689 | 324 230 167 130 104 88 70 61 39 0.329 0.085 1.087 0.357 1.266 0.120
55.31 2|1 L) 198 60 689 | 328 232 169 132 104 88 70 61 38 0.333 0.098 1.058 0.352 76 0.115
5532 | 2| L ]| 160 60 692 | 341 238 171 131 102 86 67 58 36 0.345 0.103 1.080 0.376 1.278 0.132
5533 | 2| L 9.7 60 692 | 339 238 171 130 102 84 64 54 3 0.343 0.102 1.059 0.363 1.178 0.120
5533 | 2| L ]| 168 60 677 | 338 235 166 126 99 82 63 53 31 0.350 0.107 1.082 0.378 1.252 0.134
5.3 12| L 9.8 60 693 | 320 222 158 121 94 77 60 50 29 0.323 0.099 1.058 0.342 1.176 0.116
5535 | 2| L 8.7 60 679 | 303 217 156 120 96 80 62 53 32 0.313 0.089 1.067 0.334 1.203 0.107
5536 | 2 | L 9.8 60 693 | 298 12 150 116 9 76 59 50 29 0.301 0.087 1.058 0.318 1.176 0.102
5537 | 2| L] 183 60 699 | 341 236 162 124 94 78 61 52 30 0.342 0.106 1.071 0.366 | 0.356 1.214 0.128 | 0.120
5539 | 3| L] 2086 60 694 | 351 247 73 133 101 3 62 52 29 0.354 0.104 1.052 0.372 1.157 0.121
5540 | 3 | L] 202 60 694 | 334 243 76 134 105 87 65 55 32 0.337 0.082 1.055 0.356 1.166 0.107
55.41 3| L] 1886 60 690 | 341 243 75 136 105 86 66 54 32 0.345 0.100 1.068 0.370 1.206 0.120
5542 | 3 | L | 202 60 694 | 344 248 175 13 102 84 62 53 29 0.347 0.028 1.055 0.366 1.166 0.115
5542 | 3| L] 215 60 695 | 355 251 82 13 106 87 65 53 30 0.358 0.105 1.045 0.374 1.13 0.119
5543 | 3 | L] 214 60 694 | 353 254 186 144 110 90 67 55 30 0.356 0.100 1.046 0.372 1.13 0.114
5544 | 3 | L | 208 60 692 | 328 240 174 137 106 86 66 55 29 0.331 0.088 1.051 0.348 1.152 0.102
5545 | 3 | L | 182 60 689 | 327 237 172 135 105 84 63 51 268 0.332 0.082 1.063 0.353 1191 0.109
5546 | 3 | L | 197 60 689 | 311 223 164 126 9% 82 62 51 26 0.315 0.0%0 1.059 0.335 1.178 0.106
5547 | 3 | L] 218 60 693 | 317 234 68 131 102 84 63 53 29 0.320 0.084 1.043 0.33 0.358 1.13 0.085 | 0.111
56.29 | 12| L | 304 60 688 | 270 199 57 138 121 110 92 83 53 0.275 0.073 0.991 0.272 0.974 0.071
56.30 |12 L | 303 60 697 | 246 183 149 133 118 108 91 83 54 0.247 0.064 0.891 0.245 0.976 0.063
56.31 |12 L] 305 60 695 | 258 190 51 135 121 110 88 80 5 0.260 0.068 0.990 0.257 0.973 0.067
56.32 |12 L | 303 60 697 | 252 183 147 129 114 103 87 78 49 0.253 0.069 0.891 0.250 0.976 0.067
5633 | 12| L | 305 60 697 | 248 188 152 135 121 110 93 85 54 0.243 0.060 0.990 0.247 0.973 0.059
56.33 |12 L | 306 60 697 | 259 195 158 141 125 114 96 86 53 0.260 0.064 0.989 0.257 0.971 0.062
9634 |12 L] 315 60 694 | 256 193 156 13 123 113 95 85 53 0.258 0.063 0.983 0.254 0.956 0.060
56.35 |12 L | 3141 60 694 | 266 198 57 137 120 108 89 79 46 0.268 0.068 0.986 0.264 0.963 0.066
5636 | 12| L | 314 60 695 | 259 193 153 134 118 106 87 78 45 0.261 0.067 0.984 0.257 0.958 0.064
56.37 |12 L | 315 60 691 | 268 200 160 140 123 111 el 82 48 0.271 0.069 0.983 0.267 | 0.257 0.956 0.066 | 0.064
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072
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5529 | 2| L] 181 60 694 | 251 185 141 116 a7 85 70 62 40 0.253 0.067 1.089 0.276 1.275 0.085
5530 | 2 | L | 183 60 696 | 261 191 145 119 98 86 70 61 39 0.262 0.070 1.088 0.285 1.269 0.088
5531 2 1L 191 60 687 | 278 206 156 127 103 89 71 61 39 0.283 0073 1.064 0.301 1.193 0.087
8532 | 2| L | 173 60 681 | 281 202 151 121 99 85 68 60 3r 0.289 0.081 1.079 0.312 1.241 0.101
5533 | 2| L | 188 60 699 | 271 199 149 120 99 86 68 60 37 0.272 0072 1.066 0.290 1.201 0.086
5533 | 2 | L | 1683 60 696 | 275 202 151 122 99 86 68 58 36 0.277 0074 1.088 0.301 1.269 0.094
5534 | 2| L | 170 60 697 | 264 195 146 116 85 82 65 57 35 0.265 0.069 1.082 0.286 1.249 0.086
5535 | 2| L | 183 &0 693 | 267 195 144 115 94 a2 64 56 33 0.270 0073 1.071 0.289 1214 0.085
5536 | 2| L | 189 60 692 | 263 194 145 118 94 79 66 55 33 0.266 0.070 1.068 0.284 1.198 0.084
5537 | 2| L | 168 60 689 | 278 199 147 118 96 a2 65 56 33 0.281 0.079 1.085 0.304 | 0.293 1.261 0100 | 0.090
5539 | 3| L | 185 60 703 | 257 189 144 118 96 83 66 56 33 0.256 0.068 1.069 0.274 1.209 0.082
5540 | 3 | L | 168 60 698 | 268 202 52 123 101 86 67 57 33 0.268 0.065 1.083 0.291 1.255 0.082
55.41 I L] 183 60 692 | 269 200 152 122 100 85 67 57 33 0.272 0.070 1.071 0.291 1.214 0.085
5542 | 3 | L | 187 60 694 | 277 207 157 127 102 ar 68 58 34 0.280 0.071 1.059 0.296 1.178 0.084
542 | 3| L | 202 60 692 | 270 199 50 121 98 84 67 57 33 0.273 0.072 1.055 0.288 1.166 0.084
5543 | 3| L | 203 60 704 | 272 202 154 123 102 a7 69 58 35 0.270 0.070 1.054 0.285 1.164 0.081
bh44 | 3| L | 187 &0 694 | 274 205 154 125 102 a7 69 59 34 0.278 0.069 1.058 0.293 1.178 0.082
b545 | 3 | L | 180 &0 695 | 276 203 152 124 101 a7 69 58 34 0.278 0.073 1.085 0.296 1.196 0.087
5545 | 3 | L | 187 60 694 | 258 191 145 119 99 86 68 59 34 0.260 0.067 1.059 0.275 1.178 0.079%
5547 | 3| L | 208 60 693 | 283 209 165 128 105 91 71 61 35 0.286 0.075 1.051 0300 | 0.289 1.162 0.086 | 0.083
5629 (12| L | 272 60 697 | 284 204 162 140 121 110 91 84 52 0.285 0.080 1.009 0.287 1.028 0.082
5630 [ 12| L | 272 60 680 | 286 209 62 13! 121 109 91 80 52 0.294 0.080 1.008 0.297 1.028 0.082
5631 [ 12| L | 272 60 704 | 291 209 64 141 124 111 91 82 51 0.290 0.082 1.009 0.292 1.028 0.085
5632 [ 12| L | 274 60 705 | 292 209 62 140 121 109 91 81 51 0.290 0.083 1.008 0.292 1.025 0.085
5633 [ 12| L | 274 60 698 | 311 224 75 152 131 114 46 84 53 0.312 0.087 1.008 0.314 1.025 0.085
5633 | 12| L | 274 60 694 | 297 218 70 147 127 115 43 84 51 0.300 0.080 1.008 0.302 1.025 0.082
5634 [ 12| L | 274 &0 699 | 290 209 160 138 119 106 86 76 45 0.290 0.081 1.008 0.293 1.025 0.083
835 |12 L | 275 60 693 | 299 216 171 147 128 115 95 85 51 0.302 0.084 1.008 0.305 1.023 0.086
5636 |12 L | 281 60 694 | 295 210 162 13 118 105 85 75 4 0.297 0.086 1.005 0.299 1.014 0.087
5637 [ 12| L | 278 60 697 | 308 225 74 150 129 115 43 82 48 0.308 0.083 1.006 0311 | 0.299 1.017 0.084 | 0.084
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072

Table C 9: Falling weight deflectometer, 2015 Report No. 15 FWD 461-462/2 (MRWA 2015b)

_ _ c E E E E E E E E N:rn;alisec:: to TOOIKPa — N:rn‘lzaoll[i;e; to TO? kPa —
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2 |23 g s 2 | 3| = S ks g 2 ] S S S = = Su = = Su = =
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552¢ [ 2| L | 190 60 694 | 319 | 227 | 186 | 125 100 84 70 59 39 0.322 0.093 1065 | 0343 196 | 0111
55.30 21 L 18.6 &0 696 | 324 232 168 126 101 3 67 58 37 0.328 0.093 1.068 0.348 1.206 0112
55.31 2L 19.1 60 04| 333 238 172 13 102 85 69 58 37 0.331 0.095 1.064 0.353 193 0.114
5532 | 2| L | 189 60 695 | 336 | 233 | 186 | 125 97 81 ] 53 35 0.338 0.099 1066 | 0.360 198 | 0.118
5533 | 2| L | 189 60 694 | 336 | 232 | 188 | 125 97 80 B4 53 34 0.339 0.105 1066 | 0.361 198 | 0125
55.33 21 L 18.9 &0 694 | 333 233 165 123 94 76 58 49 29 0.336 0101 1.066 0.358 1.198 0122
55.34 2 1L 18.9 60 693 | 332 230 163 120 9 74 58 45 29 0.335 0.103 1.066 0.358 198 0.124
5535 | 2| L | 187 60 694 | 328 | 232 | 182 | 119 94 78 58 49 3 0.331 0.097 1067 | 0353 1203 | 0117
5536 | 2 | L | 187 60 692 | 319 | 221 159 | 116 90 74 59 48 29 0.322 0.099 1067 | 0.344 1203 | 0119
55.37 21 L 18.6 &0 690 | 348 241 166 124 93 76 60 48 30 0.351 0.106 1.068 0375 | 0.355 1.206 0128 | 0119
55.39 3| L 18.5 60 B85 | 322 228 165 124 96 77 60 49 28 0.324 0.095 1.069 0.346 1.209 0.114
5540 | 3| L | 188 60 Bat | 318 | 231 188 | 127 9% 80 ] 51 30 0.322 0.088 1.068 0.344 1206 | 0.107
5541 | 3| L | 185 60 B77 | 333 | 233 | 173 | 130 100 82 ] 51 30 0.345 0.099 1.069 0.368 1209 | 0.119
5542 3| L 18.5 &0 674 | 338 235 171 128 99 80 61 50 25 0.345 0.101 1.069 0.373 1.209 0122
5542 3| L 18.5 60 696 | 352 255 185 139 105 85 66 53 29 0.354 0.097 1.069 0.378 1.209 0.118
5543 | 3| L | 185 60 p93 | 342 | 248 | 184 | 139 105 85 B7 51 30 0.345 0.094 1.069 0.389 1209 | 0113
5544 | 3| L | 185 60 Bo3 | 328 | 238 75 | 131 101 82 ] 51 29 0.329 0.091 1.069 0.352 1209 | 0110
55.45 3| L 18.5 &0 691 334 242 177 133 102 a3 B4 51 25 0.338 0.093 1.069 0.361 1.209 0113
55.46 3| L 18.4 60 692 | 332 242 70 129 101 82 62 51 29 0.335 0.092 1.070 0.359 1211 0111
5547 | 3| L | 185 60 90 | 331 236 75 | 132 103 82 ] 52 30 0.335 0.096 1.069 0.358 | 0.361 209 | 0116 | 0.114
5629 [ 12| L | 210 60 704 | 249 187 51 129 111 100 86 75 49 0.247 0.062 1.049 0.280 1148 | 0.071
5630 | 12| L 213 &0 BOY | 232 176 141 122 108 96 82 72 45 0.233 0.057 1.047 0.244 1141 0.065
56.31 121 L 220 60 698 | 241 186 143 125 109 a7 81 70 44 0.241 0.055 1.042 0.231 125 0.062
5632 [ 12| L | 221 60 og | 231 173 | 140 | 119 104 3 79 69 44 0.232 0.058 1.041 0.242 123 | 0.086
5633 [ 12| L | 221 60 95 | 234 178 | 145 | 125 110 99 85 74 47 0.235 0.056 1.041 0.245 123 | 0.083
5633 | 12| L 218 &0 695 | 250 189 153 13 115 103 88 76 48 0.252 0.062 1.043 0.262 1.127 0.069
8634 | 12| L 220 60 698 | 252 194 155 13 114 100 83 72 42 0.252 0.058 1.042 0.263 125 0.065
5635 [ 12| L | 219 60 o8 | 258 195 | 158 | 131 112 99 82 71 41 0.260 0.063 1.043 0.271 127 | 0.071
5636 | 12| L | 238 60 o4 | 249 188 51 126 109 97 80 70 40 0.251 0.062 1.031 0.259 092 | 0.087
5637 | 12| L 230 &0 694 | 270 203 162 138 117 104 87 74 44 0.272 0.067 1.035 0.282 | 0.258 1.104 0074 | 0.067

arGb

-187- January 2018



Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072

R _ c E E E E E E E E N:rn;alisec'i: to TUOIKPa . Nzrn'lzaoll[i;aaez to TU!? kPa —
_ - g— SE £ 5 S S S 5 S S % o Temp Correction ustroads orrection to
E S = gE | & =T g pid ply bid b = pd - — — 5 — 5 —
= |8lel B | g |=| S| 8|8 |8|8|8|¢8| 8|5 g s <5 | E| 5| <3| E| §
2 I > g 2 o = 8 S S S 5 S S B = - Su b = Su = =
5 [.2 s 28 | 5| T ) = £ 2 = = =3 = S 5 25 S = T 5 £ =
e T | 8F S T I e I T I I 3 g s5 | 3| 2| 58| 8| 2
a8 | 8" 2ls|ls|s|s|s|35]|38]|¢< s c sSg || 8| 3eg| | 8
a = o o a = o 3 a3 o S 3 Lz 5 a W
[&] (&)
5529 2|1 L] 238 &0 700 | 301 221 167 13 106 9 76 65 43 0.301 0.080 1.029 0.309 1.086 0.087
55.30 2| L | 238 &0 708 | 302 221 165 13 108 el 75 64 43 0.298 0.079 1.029 0.307 1.086 0.086
5531 | 2| L | 242 80 688 | 311 224 | 167 | 13 105 89 72 62 40 0.317 0.089 1027 | 0.325 1.081 0.096
5532 | 2| L | 240 80 608 | 325 | 236 | 174 | 135 | 108 91 73 62 4 0.326 0.090 1028 | 0335 1084 | 0097
5533 | 2 | L | 240 60 701 | 309 | 225 | 17 133 | 104 89 72 61 40 0.308 0.083 1028 | 0.317 1084 | 0090
5533 | 2| L | 242 60 691 | 306 | 223 | 168 | 129 | 104 87 74 61 38 0.310 0.084 1027 | 0.318 1.081 0.091
55.34 2| L | 238 &0 702 300 219 163 125 100 84 69 58 36 0.300 0.081 1.029 0.308 1.086 0.089
5535 | 2| L | 241 80 701 | 208 | 225 | 164 | 126 | 101 85 68 58 3% 0.308 0.084 1028 | 0.316 1083 | 009
5536 | 2| L | 237 80 705 | 301 222 | 188 | 134 | 100 88 73 62 a7 0.299 0.078 1030 | 0.308 1080 | 0085
5537 | 2| L | 248 60 688 | 310 | 223 | 185 | 126 99 3 67 56 34 0.316 0.089 1025 | 0324 | 0.317 1073 | 0085 | 0.091
5538 | 3| L | 250 60 691 | 209 | 223 | 167 | 132 | 104 87 69 57 33 0.303 0.077 1022 | 0.310 1086 | 0082
5540 Il L 248 60 698 | 316 236 175 137 108 a9 71 59 35 0.317 0.081 1.023 0.325 1.069 0.086
5541 | 3| L | 249 80 6og | 315 | 233 | 174 | 138 | 107 40 71 59 36 0.316 0.082 1023 | 0323 1067 | 0088
5542 | 3| L | 248 60 700 | 314 | 239 79 | 138 | 110 91 72 60 36 0.314 0.074 1025 | 0.321 1073 | 0080
5542 | 3| L | 249 60 667 | 308 | 226 69 | 130 | 104 87 70 58 35 0.314 0.083 1023 | 0.321 1.067 | 0089
5543 | 3| L | 251 60 686 | 307 | 229 73 | 134 | 108 89 71 60 a7 0.314 0.079 1.021 0.320 1084 | 0085
hh44 3| L 255 60 699 | 303 228 171 134 107 a9 71 60 36 0.303 0.075 1.019 0.309 1.057 0.079
5545 Il L 247 60 702 309 225 169 132 108 a9 72 61 36 0.308 0.080 1.024 0.315 1.071 0.085
5546 | 3 [ L | 253 60 700 | 308 | 228 73 | 136 | 109 93 75 62 ar 0.306 0.080 1020 | 0312 1080 | 0085
5547 | 3| L | 258 60 685 | 312 | 232 74 | 135 | 110 93 75 63 a7 0.319 0.082 1017 | 0325 | 0.318 1.051 0086 | 0.085
5629 | 12| L | 418 60 699 | 303 | 210 | 1685 | 144 124 | 111 96 85 55 0.303 0.082 0829 | 0282 0830 | 0077
5630 [ 12| L | 410 60 695 | 308 216 168 142 124 112 96 85 55 0.311 0.093 0932 0.280 0.836 0.078
56.31 121 L] 410 60 694 | 307 214 164 137 121 109 80 80 50 0.310 0.0%4 0.932 0.289 0.836 0.078
5632 | 12| L | 404 80 6g2 | 312 | 218 | 17 143 | 126 | 113 %6 83 54 0.320 0.085 003 | 0209 0842 | 0.080
5633 | 12| L | 408 60 696 | 334 | 233 | 183 | 184 | 134 [ 120 [ 102 88 55 0.336 0.102 0834 | 0313 0840 | 0.085
5633 | 12| L | 395 60 692 | 326 | 220 | 177 | 150 | 130 | 114 98 85 53 0.330 0.098 083 | 0310 0.851 0.084
be34 | 12| L | 402 60 697 | 316 224 168 138 120 107 80 78 47 0.317 0.092 0.936 0.297 0844 0.078
be35 [ 12| L | 402 60 698 | 325 228 178 149 130 115 87 84 50 0.326 0.097 0.936 0.305 0844 0.082
5636 | 12| L | 401 60 606 | 320 | 228 | 173 | 143 | 124 | 108 89 79 46 0.322 0.083 083 | 0301 0845 | 0078
5637 | 12| L | 415 60 695 | 327 | 23 178 | 149 | 128 | 113 85 81 48 0.330 0.087 0830 | 0307 | 0.299 0.831 0081 | 0.080
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072

Table C 10: Falling weight deflectometer, 2016 Report No. 16 FWD 480/3 (MRWA 2016g)
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5529 | 2| L 6.4 80 70 154 254 188 140 110 91 75 83 4 0.353 0.100 1.087 0.384 266 0127
55.30 2 L 186 &0 701 345 253 186 141 110 90 75 62 40 0.344 0.092 1.068 0.368 1.206 0111
5531 [ 2| L | 218 80 699 | 359 255 187 139 109 30 74 62 39 359 0.104 1.043 0.375 1.127 0118
5532 [ 2| L | 175 80 705 | 361 253 188 138 106 38 72 59 a7 a5 0.107 1.077 0.386 1235 0132
5533 | 2| L] 210 &0 702 | 354 253 185 136 106 87 70 58 35 153 0.101 1.049 0.370 1.148 0118
5533 2 L 183 &0 699 344 242 177 128 98 80 64 51 30 0.344 0.101 1.071 0.368 1214 0123
5534 [ 2| L | 182 &0 701 | 353 243 174 128 97 79 63 52 30 0.352 0.109 1.071 0.377 1.217 0133
5535 [ 2| L | 208 80 699 | 340 244 178 131 99 81 85 53 3 1 0.097 1.051 0.358 1.152 0111
5536 | 2| L | 202 &0 700 | 332 237 172 127 97 79 64 5 29 332 0.096 1.055 0.351 1.166 0111
8537 2 L 188 &0 699 368 249 178 129 98 80 64 52 30 0.368 0119 1.066 0393 | 0373 1.201 0143 | 0.123
5533 [ 3| L | 215 80 704 | 353 250 a3 136 104 84 86 53 29 350 0.102 1.045 0.366 113 0115
5540 [ 3| L | 190 80 703 | 342 246 a3 135 105 85 87 54 31 0.341 0.086 1.085 0.383 1.196 0115
5541 [ 3| L | 178 80 698 | 349 254 189 140 108 86 89 54 31 0.350 0.085 1.076 0.377 1233 0117
5542 3 L 213 &0 702 355 249 183 13 103 3 66 53 30 0.358 0.109 1.047 0.375 1141 0125
5542 [ 3| L | 228 80 899 | 349 262 a2 143 108 87 87 53 29 0.349 0.087 1.036 0.362 1.108 0.097
5543 [ 3| L | 222 80 70 368 263 96 144 112 89 70 55 31 0.368 0.105 1.040 0.383 1.121 0118
5544 [ 3| L | 218 80 70 154 255 a0 142 109 38 89 55 30 0.353 0.089 1.043 0.368 1.13 0111
5545 3 L 178 &0 700 36 257 162 142 109 a8 69 55 30 0.346 0.089 1.075 0372 1227 0110
5548 [ 3| L | 208 80 703 | 337 244 a3 137 105 85 87 54 29 0.335 0.082 1.052 0.353 1.157 0.108
5547 | 3| L | 224 80 897 | 332 245 a2 135 106 86 87 54 30 0.333 0.087 1.039 0.346 | 0.366 1.117 0.0%8 | 0.111
5629 (12| L | 313 80 70 257 194 80 134 119 108 93 82 5 0.257 0.083 0.985 0.253 0.959 0.060
56.30 121 L s &0 699 248 188 b6 133 118 106 93 80 50 0.247 0.058 0.990 0.244 04973 0.087
5631 (12| L | 307 80 899 | 255 193 57 133 17 103 80 77 47 0.255 0.062 0.989 0.252 0.969 0.060
5632 (12| L | 307 80 702 | 247 185 54 131 116 104 92 79 50 0.246 0.062 0.989 0.244 0.969 0.060
5633 [ 12| L | 311 80 899 | 244 184 52 131 115 104 91 78 49 0.244 0.080 0.985 0.241 0.963 0.058
56.33 121 L s &0 700 253 195 62 139 124 112 96 8 52 0.253 0.058 0.988 0.250 0.968 0.056
5634 (12| L | 310 80 703 | 285 198 62 136 119 106 91 77 45 0.264 0.067 0.987 0.260 0.964 0.085
5635 (12| L | 312 80 703 | 273 208 164 139 120 107 91 77 45 0.271 0.0686 0.985 0.267 0.981 0.064
5636 (12| L | 314 80 703 | 278 202 165 136 119 106 91 78 46 0.275 0.074 0.984 0.270 0.958 0.071
b6.37 121 L 5 &0 696 280 208 166 138 120 105 80 I 45 0.282 0.073 0.983 0277 | 0.256 0.956 0070 | 0.082
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072
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5529 | 2 | L | 220 60 700| 260 | 193 | 148 | 117 | o7 84 72 61 40 0.260 0.068 1042 | 0271 1125 | 0.078
5530 |2 [ L] 222 80 gog | 267 | 197 | 152 | 120 | 100 | 5 72 61 39 0.267 0.070 1040 | 0278 1121 | 0.078
5531 | 2 | L] 227 60 gog | 202 | 215 | 185 | 120 | 104 | s8 75 62 39 0.293 0.078 1037 | 0.304 110 | 0.087
5532 |2 | L | 228 60 695 | 300 | 217 | 185 | 127 | 104 | s8 74 62 39 0.302 0.083 1038 | 0.314 113 | 0.093
5533 | 2 | L | 232 60 6oa | 285 | 208 | 158 | 124 | 101 85 73 61 37 0.285 0.076 1034 | 0295 1100 | 0.083
5533 | 2 | L | 227 60 6ot | 286 | 213 | 180 | 125 | 100 | 85 71 59 36 0.287 0.073 1037 | 0.298 1110 | 0.082
5534 | 2 | L | 228 60 gos | 279 | 203 | 153 | 118 | 95 81 68 57 35 0.280 0.076 1036 | 0.280 1106 | 0.084
5535 | 2 | L | 234 60 6o4 | 214 | 198 | 147 | 113 | @0 76 63 53 3 0.289 0.080 1032 | 0.298 1006 | 0.088
5536 | 2 | L | 224 60 700| 267 | 198 | 149 | 117 | o4 80 67 55 33 0.267 0.069 1039 | 0.278 1117 | 0.077
5537 [ 2| L] 215 60 gea | 277 | 202 | 153 | 117 | w4 79 65 53 32 0.291 0.078 1045 | 0305 | 0.293 1.13 0.089 | 0.084
5539 | 3| L] 231 80 Bos | 261 | 198 | 151 | 118 | s 81 B8 54 32 0.263 0.086 1034 | 0272 1102 | o072
5540 | 3| L | 224 80 702| 288 | 214 | 83 | 127 | 102 | g8 70 57 33 0.287 0.074 1039 | 0.208 1117 | 0.082
5541 | 3| L] 230 60 poa | 283 | 210 | 180 | 126 | 101 84 70 57 33 0.283 0.073 1035 | 0.293 1104 | 0.080
5542 | 3| L | 236 60 6oa | 287 | 212 | 185 | 127 | 103 | 86 71 57 33 0.289 0.076 1031 | 0.298 1002 | 0.083
5542 | 3| L] 233 60 6es | 279 | 203 | 157 | 121 98 3 69 55 33 0.284 0.077 1033 | 0.294 1008 | 0.085
5543 | 3| L | 238 60 664 | 279 | 208 | 158 | 121 98 81 68 56 32 0.294 0.077 1030 | 0.303 1088 | 0.083
5544 [ 3| L] 238 60 6es | 285 | 213 | 163 | 128 | 102 | 86 71 58 33 0.291 0.074 1030 | 0.299 1.088 | 0.081
5545 | 3| L | 228 60 663 | 277 | 203 | 188 | 121 98 83 68 56 33 0.292 0.079 1036 | 0.303 1108 | 0.087
5546 | 3| L[| 227 80 Bor | 274 | 204 | 159 | 125 | 101 g7 72 59 35 0.275 0.070 1037 | 0285 1110 | 0.078
5547 | 3| L] 242 80 B3| 202 | 217 | 87 | 130 | 104 | g7 72 59 3 0.309 0.079 1027 | 0317 | 0.296 1081 | 0.085 | 0.082
5620 12| L | 238 80 gsa | 301 | 217 | 170 | 139 | 120 | 108 | @2 79 51 0.320 0.039 1031 | 0.33 1002 | 0.007
5630 12| L | 238 60 658 | 285 | 208 | 183 | 13 116 | 102 | s8 75 45 0.303 0.082 1030 | 0312 1.088 | 0.088
5631 12| L | 293 60 658 | 275 | 201 | 181 | 13 14 | 101 86 75 47 0.292 0.078 0.998 | 0.291 0ged | 0078
5632 12| L | 288 60 657 | 304 | 226 | 179 | 147 | 128 | 113 | e7 83 52 0.324 0.084 1001 | 0325 1003 | 0.084
5633 12| L] 287 60 657 | 306 | 220 | 173 | 142 | 1214 | 106 | @2 77 47 0.326 0.091 1002 | 0.326 1.004 | 0.082
5633 [ 12| L | 285 60 6sa | 289 | 208 | 183 | 133 | 1186 | 1ot 86 74 44 0.307 0.086 1003 | 0.307 1.007 | 0.086
5634 12| L] 291 60 658 | 206 | 214 | 170 | 138 | 118 | 104 | @0 75 45 0.315 0.088 0999 | 0.315 0998 | 0.087
5635 12| L | 293 60 g | 203 | 211 | 187 | 135 | 118 | 101 87 73 44 0.311 0.087 0998 | 0.310 09e4 | 0038
5636 | 12| L | 208 80 Bsa | 303 | 220 | 175 | 142 | 123 | 107 | @ 77 45 0.322 0.038 0.995 | 0.320 0939 | 0.087
5637 12| L | 2986 60 656 | 284 | 208 | 186 | 13 118 | 103 | 88 75 44 0.303 0.030 0096 | 0302 | 0.314 | 0989 | 0079 | 0.087
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Investigation of Tonkin Highway, Reid Highway & Kwinana Freeway Trial Sections PRP16072

Table C 11: Falling weight deflectometer, 2016 Report No. 16 FWD 517/1-2 (MRWA 2016h)
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5529 | 2 | L[| 280 60 702 | 341 | 252 | 193 | 147 | 18 | o7 83 70 42 0.340 0.089 1005 | 0.342 015 | 0.0%0
5530 | 2 | L | 284 60 698 | 361 | 261 | 193 | 143 | 113 [ e3 78 65 42 0.362 0.100 1003 | 0.363 1008 | 0101
5531 | 2 | L | 287 60 701 | a0 | 286 | 189 | 141 | 113 | e2 78 65 0.370 0.114 1002 | 0.370 1004 | 0115
5532 | 2 | L | 284 60 700 | 360 | 257 | 192 | 143 | 113 [ e3 78 65 40 0.360 0.103 1003 | 0.361 1008 | 0104
5533 | 2 | L | 284 80 702 | 366 | 261 | 191 | 143 | 115 | a9 76 64 38 0.365 0.105 1003 | 0.366 1008 | 0.106
5533 | 2 | L | 204 60 703 | 362 | 260 | 192 | 144 | 114 [ @0 75 61 3% 0.360 0.102 0997 | 0358 0992 | 0.101
5534 [ 2| L | 288 80 69g | 250 | 248 | 182 | 133 | 104 | a3 68 54 3 0.350 0.102 1001 | 0.351 1001 | 0103
5535 | 2 | L | 288 60 700 | 357 | 251 | 182 | 134 | 104 [ a4 68 56 32 0.357 0.106 1001 | 0.357 1001 | 0106
5536 | 2 | L | 281 80 700 | 358 | 24¢ | 181 | 135 | 106 | a3 68 56 32 0.358 0.109 0.99¢ | 0357 09%8 | 0.108
5537 | 2 | L | 291 60 701 | 352 | 244 | 178 | 132 | 104 | a3 68 54 31 0.352 0.108 099¢ | 0351 | 0.358 09%e | 0.108 | 0.104
5539 | 3 | L | 289 60 701 | 382 | 256 | 188 | 13 104 | 84 69 54 3 0.381 0.125 1.001 0.381 1001 | 0126
5540 | 3 [ L | 303 60 700 | 366 | 257 88 | 138 | 108 | @8 70 55 3 0.365 0.110 0.991 0.383 0976 | 0.107
5541 | 3 | L[| 295 60 700 | 355 | 257 gg | 140 | 108 | @8 69 59 32 0.355 0.098 0997 | 0353 0991 | 0.097
5542 | 3 | L[| 200 60 697 | 354 | 247 g4 | 13 108 | 86 71 56 32 0.358 0.108 1000 | 0.386 1000 | 0108
5542 | 3 | L[| 307 60 701 | 353 | 256 93 | 143 | 110 | &7 72 56 32 0.353 0.097 098¢ | 0.349 0969 | 0.094
5543 | 3 [ L[| 301 60 699 | 359 | 260 89 | 140 | 108 | @8 70 56 31 0.359 0.099 0992 | 0357 0980 | 0.097
5544 | 3 | L[| 209 60 698 | 273 | 271 | 200 | 150 | 118 | o1 73 58 3 0.374 0.102 0994 | 0372 0983 | 0.101
55.45 3L 29.3 60 703 380 282 206 155 "7 93 74 59 32 0.378 0.098 0.998 0.377 0.994 0.097
5546 | 3 | L | 305 60 700 | 364 | 272 g8 | 183 | 115 | @ 72 58 30 0.364 0.092 0990 | 0.381 0973 | 0.0%0
5547 3L 29.8 60 701 372 27 204 149 118 92 73 58 32 0.372 0.101 0.995 0.370 | 0.364 0.985 0088 [ 0.102
5620 | 12| L | 414 60 703 | 278 | 208 71 | 145 | 127 | 113 | 100 84 52 0.277 0.071 0930 | 0257 0832 | 0.059
5630 [12] L 404 60 703 272 202 B7 143 125 110 98 83 50 0.271 0.069 0935 0.253 0.842 0.058
5631 | 12| L | 390 60 699 | 288 | 207 69 | 143 | 125 | 108 95 80 46 0.288 0.081 0.941 0.271 0.857 | 0.069
5632 (12 L 403 60 703 270 198 165 141 125 108 a7 81 49 0.268 0.072 0935 0.251 0.843 0.060
56.33 | 12| L | 398 60 701 | 288 | 210 | 175 | 151 | 132 | 116 | 103 87 5 0.287 0.078 0938 | 0270 0848 | 0.066
5633 (12 L 409 60 702 283 210 174 149 132 116 103 38 52 0.282 0.073 0933 0.263 0.837 0.061
56.34 | 12| L | 397 60 702 | 317 | 218 | 173 | 145 | 125 | 110 [ 100 79 48 0315 0.099 0938 | 0297 0849 | 0.084
5635 [12] L 405 60 700 296 219 178 153 127 111 95 78 44 0.296 0.077 0934 0277 0.841 0.065
56.36 | 12| L | 385 60 698 | 296 | 213 | 173 | 151 | 128 | 110 99 77 47 0.297 0.083 0944 | 0280 0862 | 0.072
5637 12 L 392 60 700 300 222 182 153 133 115 100 83 48 0.300 0.078 0.940 0282 | 0.270 0.854 0067 | 0.066
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£ c c c £ c c £ Normalised to 700 kPa Normalised to 700 kPa
o _ E E £ £ E E £ £ E No Temp Correction Austroads 2008 Correction to 29°C
o s E = = = = = = = = P
£ |5 S| sE|ls| 28| 2|s|2|2|2|&]|8 — — s | = s | -
s |2|°| 8| 55 |8| || || |2|2|=2]|¢s 5 2 ss | s | T | 85| g | %
@ = Tl ||zl l=lel==2]-= E E 5% | 8| 2| 55| % | 2
IS atr B = = = = = = = = 2 e ag 2 g o2 c g
o 8 a a 3 8 a a S 3 o é 3 L] ('_6} a 2]
55.29 2L 224 60 699 328 247 191 150 123 102 88 73 48 0.328 0.081 1.039 0.341 AT 0.091
55.30 2 1L 222 60 703 328 248 190 148 120 99 85 m 45 0.3286 0.081 1.040 0.339 1.121 0.091
55.31 2 1L 239 60 897 341 255 196 150 122 100 85 70 48 0.342 0.os7 1.029 0.352 1.086 0.094
55.32 2 1L 232 60 698 349 254 195 150 120 99 84 70 45 0.350 0.095 1.034 0.362 1.100 0.105
55.33 21 L 235 60 700 336 249 190 148 118 97 83 68 43 0.336 0.087 1.032 0.347 1.094 0.085
5533 21 L 248 60 699 332 248 192 146 17 96 80 86 4 0.333 0.084 1.023 0.341 1.089 0.090
55.34 2 1L 23. 60 598 326 241 184 141 111 9 77 54 40 0.327 0088 1.030 0337 1.088 0.093
55.35 21 L 241 60 701 323 238 180 139 111 )| 76 63 38 0.323 0.088 1.028 0332 1.083 0.0493
55.36 21 L 249 60 703 332 244 187 144 114 93 77 81 38 0.330 0.087 1.023 0.338 1.087 0.043
55.37 21 L 241 60 702 342 252 192 144 114 92 77 83 37 0.341 0.089 1.028 0.350 | 0.344 1.083 0047 | 0.094
55.39 3| L 250 60 701 330 255 98 153 122 98 80 85 38 0.329 0.075 1.022 0.33 1.066 0.080
55.40 I|L 241 60 701 347 265 203 155 124 100 82 66 39 0.346 0.082 1.028 0.356 1.083 0.089
55.41 3| L 235 60 703 a3y 255 199 152 122 98 82 67 39 0.336 0.082 1.032 0.347 1.084 0.040
5542 3| L 238 80 703 341 258 198 153 122 99 82 86 39 0.340 0.083 1.031 0.350 1.082 0.091
55.42 3| L 245 60 703 335 254 96 150 120 97 82 66 39 0.334 0.081 1.025 0.342 1.075 0.087
5543 I|L 239 60 701 331 254 96 151 120 98 80 66 39 0.331 0.077 1.029 0.341 1.086 0.084
5544 3| L 240 60 705 332 255 199 153 122 100 83 67 41 0.330 0.076 1.028 0.33 1.084 0.083
5545 3| L 253 80 698 333 252 193 149 119 a7 81 86 39 0.334 0.081 1.020 0.341 1.080 0.086
5548 Il L 253 60 701 329 254 197 153 123 102 85 89 40 0.328 0.074 1.020 0.335 1.060 0.079
5547 I|L 252 60 703 340 261 202 156 125 102 85 5] 4 0.339 0.079 1.021 0346 | 0.343 1.062 0084 [ 0.085
5629 12| L 347 60 703 332 245 200 165 143 124 110 93 57 0.331 0.087 0.964 0.319 0.908 0.079
5630 12 L 347 80 701 329 243 184 161 139 122 107 90 55 0.329 0.086 0.964 0.317 0.908 0.078
56.3 12| L 340 60 599 314 228 85 154 134 17 103 86 53 0.314 0.086 0.968 0.304 0918 0.079
5632 |12 L 349 60 703 344 258 208 174 151 130 114 98 60 0.343 0.086 0.963 0.33 0.906 0.078
5633 12| L 337 60 700 348 255 204 169 146 127 111 93 56 0.348 0.093 0.970 0.33 0922 0.086
5633 12| L 3438 80 700 318 231 188 155 136 117 102 86 52 0.318 0.086 0.964 0.308 0.907 0.078
5634 |12 L 3486 60 700 332 244 95 162 139 119 105 88 52 0.332 0.089 0.965 0.321 0910 0.081
5635 |12 L 331 60 699 333 245 94 160 137 116 101 84 49 0.333 0.088 0973 0.324 0.931 0.082
b636 12| L 353 60 702 348 256 206 170 145 125 108 90 52 0.347 0.092 0.961 0.333 0.901 0.083
5837 12 L 338 80 702 334 243 196 161 140 120 104 87 50 0.333 0.081 0.970 0323 | 0.322 0924 0084 | 0.081
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APPENDIX D CIRCLY ANALYSES

D.1  Design Moduli for Current System
D.1.1 Asphalt

The surfacing layers of Sections T2, K2, K3 and K12 are 10 mm of Class 320 OGA overlying
a 10 mm thick layer of Class 170 DGA. The remaining sections (T4, T6, R2, R3 and R4) are
a single surface of 10 mm Class 170 DGA. The design moduli for these materials, were
selected based on the procedure presented in Clause 2.7 of MRWA (2013), are presented in
Table D 1 below.

Table D 1: Asphalt modulus values as per ERN9 (MRWA 2013a)

ID Material Posted speed limit (km/h) | Design modulus (MPa) | k parameter
T2 100
K2

e 10 mm Class 320 OGA 10 2500 N/A
K12
T2
T4 100 2720 4438
T6
R2
R3 10 mm Class 170 DGA 90 2600 4 561
R4
K2
K3 110 2820 4430
K3

D.1.2 Granular Materials

Each of the trial sections comprises a base layer of either CRB or BSL overlying a limestone
subbase. The thickness of the base layer ranges from 77 to 220 mm for the CRB and from
60 to 230 mm for the BSL. The limestone thickness ranges from 133 to 285 mm.

As per ERN9 (MRWA 2013a) and AGPT 02 (Austroads 2012), the base and subbase are
modelled together and split into five equal sublayers. The modulus of the granular material is
determined by considering presumptive values supplied in Austroads (2012) in addition to
the subgrade strength. For design purposes, MRWA typically uses 600 MPa for CRB and
500 MPa for BSL base materials over a crushed limestone subbase, and sand subgrade
with an assigned modulus of 120 MPa. The subbase modulus specified by MRWA does not
usually exceed 250 MPa for crushed limestone.

D.1.3 Subgrade

As per the ERN9 requirement, the modulus of the sand subgrade was limited to of 120 MPa
which corresponds to a CBR of approximately 12%.

D.2 Layer Thickness

As previously discussed, the thickness of each granular layer and the asphalt surfacing for
the Tonkin and Reid Highway trial sections was measured as part of the stage 2 field
investigation. However, due to the larger number of measurement locations, it was decided
to use the thickness measurements from the construction reports. However, the asphalt
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thickness has been taken from the cores extracted during the investigation due to a lack of
data in the construction reports regarding the surfacing. Pavement profile data for the
Kwinana Freeway was based on the as-constructed values measured in the field. The
thicknesses of each section are presented in Table D 2 in addition to the design
thicknesses.

D.3 CIRCLY Input: Current Design

CIRCLY analyses were undertaken using both the design thickness and the as-constructed
thicknesses in conjunction with the standard load pressure of 750 MPa over a radius of
92.1 mm. As per ERNO9, traffic multipliers of 1.13 for asphalt fatigue and 1.64 for subgrade
rutting and shape loss were used in the analyses which represent urban freeways and
highways respectively.

The profile components for each trial section are shown in Table D 2, Table D 3 and Table D
4.

Table D 2: CIRCLY profiles: Tonkin Highway

ID Material Rﬁts:li(%ness As-constructed Modulus (MPa)®
1 thickness (mm)
(mm)"
10 mm Class 320 OGA 30 44 2200
10 mm Class 170 DGA 30 44 2720
T2 BSL 75 66
- 500
Crushed limestone 225 231
Sand Subgrade - - 120
10 mm Class 170 DGA 30 101 2720
BSL 75 60
T4 . 500
Crushed limestone 225 238
Sand Subgrade - - 120
10 mm Class 170 DGA 30 55 2720
CRB 75 77
T6 - 600
Crushed limestone 225 221
Sand Subgrade - - 120

1 Mechanistic analysis includes additional 10 mm construction tolerance to asphalt materials as per ERN9 Clause 1.8.

2 Design granular modulus as per ERNO.
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Table D 3: CIRCLY profiles: Reid Highway

. Design thickness | As-constructed 2
ID Material (mm)() thickness (mm) Modulus (MPa)
10 mm Class 170 DGA 30 49 2600
BSL 100 113
R2 500
Crushed limestone 230 271
Sand Subgrade - - 120
10 mm Class 170 DGA 30 51 2600
CRB 100 90
R3 - 600
Crushed limestone 230 259
Sand Subgrade - - 120
10 mm Class 170 DGA 30 50* 2600
CRB 200 210
R4 - 600
Crushed limestone 130 133
Sand Subgrade - - 120

1 Mechanistic analysis includes additional 10 mm construction tolerance to asphalt materials as per ERN9 Clause 1.8.

2 Design granular modulus as per ERNO.

Table D 4: CIRCLY profiles: Kwinana Freeway

. Design thickness As-constructed 2
ID Material (mm)(" thickness (mm) Modulus (MPa)®
10 mm Class 320 OGA | 30 29 2500
10 mm Class 170 DGA | 30 36 2820
K2 CRB 125 160
600
Crushed limestone 255 250
Sand Subgrade - - 120
10 mm Class 320 OGA | 30 29 2500
10 mm Class 170 DGA | 30 36 2820
K3 CRB 230 255
600
Crushed limestone 150 160
Sand Subgrade - - 120
10 mm Class 320 OGA | 30 28 2500
10 mm Class 170 DGA | 30 36 2820
K12 BSL 230 270
. 500
Crushed limestone 150 160
Sand Subgrade - - 120

1 Mechanistic analysis includes additional 10 mm construction tolerance to asphalt materials as per ERN9 Clause 1.8.

2 Design granular modulus as per ERNO.
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APPENDIX E EFROMD3 BACK-CALCULATION

E.1 Introduction

The purpose of this Appendix is to detail and present the methodology and results of an in-
depth EFROMD3 modulus back-calculation study. EFROMD3 analysis was used in
conjunction with the results of a FWD investigation undertaken during a field investigation at
both the Tonkin and Reid Highways. FWD testing was undertaken at 5 metre intervals along
both the OWP and BWP of both highways. The back-calculation of layer moduli was
undertaken taking consideration of the as-constructed thicknesses of each pavement
material in addition to other construction considerations such as material type, embankment
data, and sub-surface conditions.

The back-calculated moduli from both the OWP and BWP were compared in an attempt to
gain a better understanding of the influence of loading on the development of stiffness. In
addition, historic data for the Reid Highway was also analysed to develop a timeline of
pavement strength and loading history.

E.2 FWD Loading and Pavement Response

Input into EFROMD3 includes the output data of the FWD test, i.e. the deflection measured
under nine geophones located at increasing distances away from the loaded area. These
distances are measured from the edge of the FWD plate, which corresponds to 150 mm
from the load centre. At this location, Do, the deflection is at its maximum. As the distance
from Do increases, the deflection decreases (see Figure E 1).

Figure E1: Pavement response to FWD load (Figure 4.5 of Austroads 2011).

200 mm
[ S
Residual
&
Total
Deflection
Dapg '
Dn

Source: Austroads (2011).

When a load is applied to a pavement surface, the ‘45° rule’ can be applied to identify the
zone of influence below the load as shown in Figure E 2). For example, the layers of
pavement influencing the deformation created by the FWD load at a depth of 1500 mm
below the surface corresponds to the deflection measured at a horizontal distance 1500 mm
away from the loaded area (D1s00). Similarly, pavement layers 250 mm below the surface will
correspond to Dago. For thin pavement systems, it is likely that Disgo and sometimes Di2go Will
fall below the placed pavement system and into the natural ground.

To enable the modulus of an imported subgrade material to be understood rather than the
natural ground, the known depth of the placed subgrade was used in the EFROMD3 profile
model. The modulus calculated for this layer was assumed to correspond only to that of the
placed material. The moduli of the layers below this placed material are assumed to
correspond to the natural ground, a placed embankment, or a combination of the two.
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Figure E2: Typical zone of influence from FWD loading on a thin pavement system
FWD load

L Do D200 D3oo Daoo Dsoo Dgoo  Drso D120 D1s00

Surfacing
Base
Subbase

Subgrade
1350 mm 1650 mm

Natural ground

. Loading zone of influence

E.3 Natural Ground Conditions

The 1:250 000 Environmental Geological Map series produced by the Geological Survey of
Western Australia Pinjarra sheet (Geological Survey of Western Australia 1980) indicates
that the natural subsurface conditions below the trial pavements in Section T4, R2 and R3
were Bassendean sands. The presence of Bassendean sands over Guildford formation
clays are also inferred in Section T6. Guildford clays are typically of low plasticity and can
also show marginal swell potential (0.5<lss<3). They are often stiff to hard in consistency,
increasing in strength when dry.

Localised iron-cementation is often encountered within the Bassendean sand system and
the Guildford formation. This iron cementation, which can vary in thickness up to a maximum
of 4 metres, is caused by seasonal fluctuations of the water-table. These pockets of
cementation are common at the interface of Bassendean sands and Guildford formation
clays due to the inherent nature of water to perch on the clayey surface during wetter
months, and eventually evaporate when temperatures rise. This indurated material is often
referred locally as Coffee Rock and can easily cause refusal of a 20 tonne hydraulic
excavator. Larger excavators and rock breakers have been widely used, with comparatively
slow excavation productivity. Test procedures used to identify areas at risk usually include
(Hillman et al. 2003):

. Standard Penetrometer Test (blow counts in excess of 30)

. Electric Friction Cone Penetrometer or CPT (cone resistances of greater than 20 MPa
in sands and greater than 5 MPa in high friction ratio clays)

. Borehole core (Point Load Index Isisg) > 0.03 MPa).

E.4 Inputinto EFROMD3
E.4.1 Material Profile

The input pavement profile for the back-calculation is detailed in Table E 1. The mean
basecourse and subbase thicknesses were taken from the construction and monitoring
reports. Available data regarding the thickness of the imported subgrade (and the
embankment at Section T4) is also included.
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Asphalt thicknesses were taken from the Stage 2 investigation reports. Both maximum and
minimum thicknesses were analysed to examine the influence of the thickness of the
surfacing on the back-calculated modulus of the granular basecourse. The same approach
was taken for the Reid Highway as details regarding surfacing were not included in the
original construction and monitoring reports. The Kwinana Freeway data was taken from the
construction report as no investigation was undertaken at this site.

The thickness of the base and subbase was combined and then divided into five equal
sublayers as per the mechanistic procedure presented in Austroads (2012). As the Tonkin
Highway sections had a very thin base, analyses were also undertaken when the base and
subbase layers were modelled separately, with the subbase divided into five equal
sublayers. Comparison of the EFROMD3 output demonstrated very similar results for both

methods.

Table E 1: Input into EFROMD3: pavement profiles

Material . Thickness Maximum total
ID Material .
purpose (mm) thickness (mm)
10 mm OGA, Class 320 binder??
Asphalt 75-88
10 mm DGA Class, 170 binder
Basecourse 2% BSL
T2 : 5x59 885+
Subbase Crushed limestone
Subgrade Yellow white sand 500
Embankment Grey black sand Infinite
Asphalt 10 mm DGA Class 170 binder 65-101
Basecourse 2% BSL
: 5x60
T4 Subbase Crushed limestone 950+
Subgrade Yellow white sand 550
Embankment Grey black sand Infinite
Asphalt 10 mm DGA, Class 170 binder 43-55
Basecourse Crushed rock base (CRB) 5460
: X
T6 Subbase Crushed limestone 873+
Subgrade Yellow white sand 520
Natural ground Clayey gravel (potential Coffee Infinite
Rock)
Asphalt 10 mm DGA, Class 170 binder 45-49
Basecourse 2% BSL
R2 : 5x77 934+
Subbase Crushed limestone
Subgrade Yellow white sand 500, infinite
Asphalt 10 mm DGA, Class 170 binder 39-51
Basecourse CRB
R3 : 5x70 901+
Subbase Crushed limestone
Subgrade Yellow white sand 500, infinite
Asphalt 10 mm DGA, Class 170 binder 50*
Basecourse CRB
R4* : 5x70 894+
Subbase Crushed limestone
Subgrade Yellow white sand 500, infinite
K2 10 mm OGA, Class 320 binder
Asphalt - 65
110 mm DGA, Class 170 binder 975+
Cont... | Basecourse CRB 5x 82
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Material . Thickness Maximum total
ID Material .
purpose (mm) thickness (mm)
Subbase Crushed limestone
Subgrade Yellow sand 500, infinite
10 mm OGA, Class 320 binder
Asphalt 65
10 mm DGA Class, 170 binder
K3 Basecourse CRB 920+
: 5x83
Subbase Crushed limestone
Subgrade Yellow sand 500, infinite
10 mm OGA, Class 320 binder
Asphalt 64
10 mm DGA Class, 170 binder
K12 Basecourse 2% BSL 5 85 994+
X
Subbase Crushed limestone
Subgrade Yellow sand 500, infinite
Notes:

= Multiple values indicates consecutive layers of the same material.

= Measured surfacing thickness of R4 an average from R2 and R3

= R4 only used for timeline investigation due to modification in 2014.

E.4.2

Seed Moduli

Maximum, minimum and seed modulus values are required for each layer of the input
pavement profile. These values are presented in Table E 2 in addition to the assigned
Poisson’s ratio and degree of anisotropy of each material (Ev/Eh).

Table E 2: EFROMD3 input: seed moduli

Material Minimum Maximum Seed Poisson’s
ID UrDoSe Material modulus modulus modulus ratio Ev/iEh
purp (MPa) (MPa) (MPa)
Surfacing 10 mm DGA/OGA 1000 20000 2800 0.40 1
2% BSL 50 2000 1500
Basecourse
CRB 50 2000 1500
Subbase Crushed limestone 50 2000 1500
T2T4IT6 [ supgrade Yellow white sand | 20 2000 200 0.35 )
Embankment Grey black sand 20 1000 300
Clayey gravel
Natural ground | (potential Coffee 20 3000 700
Rock)
Surfacing 10 mm DGA 1000 20000 7000 0.40 1
2% BSL 50 2000 1500
Basecourse
R2/R3/R4 CRB 50 2000 1500 0.35 )
Subbase Crushed limestone | 50 2000 1500 '
Subgrade Yellow white sand 20 1000 200, 300
Surfacing 10 mm DGA/OGA 1000 20000 2800 0.40 1
2% BSL 50 2000 1500
Basecourse
K2/K3/K12 CRB 50 2000 1500 0.35 )
Subbase Crushed limestone | 50 2000 1500 '
Subgrade Yellow white sand 20 2000 200, 300
Notes:

= Multiple values indicates consecutive layers of the same material.
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E.5 Results of Back-calculation
E.5.1 Tonkin Highway

The results of the back-calculation for the Tonkin Highway are shown in Table E 3, Table E 4
and Table E 5. The values chosen to calculate these representative moduli are those at test
chainages with high deflections/curvatures and low back-calculation errors, a method which
is detailed in Appendix E of Austroads (2011). The equivalent stiffness method was used to
calculate the discrete base and subbase moduli from the five sublayers.

Table E 3: Back calculated representative modulus: Tonkin Highway, Section T2, left lane

. . Thickness of Back-calculated modulus (MPa)
Section | Base | Location .
surfacing (mm) Asphalt | BSL Limestone | Subgrade
75 5000 510 360 280
Oowp
88 8080 500 340 280
T2 BSL
75 4520 620 520 280
BWP
88 2870 830 500 300

Table E 4: Back calculated representative modulus: Tonkin Highway, Section T4, left lane

. . Thickness of Back-calculated modulus (MPa)
Section | Base | Location .
surfacing (mm) Asphalt | BSL Limestone | Subgrade
65 7490 1050 430 180
owp
86 3150 880 410 190
T4 BSL
65 9450 1150 520 170
BWP
86 6150 600 530 180

Table E 5: Back calculated representative modulus: Tonkin Highway, Section T6, left lane

Section | Base | Location Thickqess of Back-calculated modulus.(MPa)
surfacing (mm) Asphalt | CRB Limestone | Subgrade | Natural ground
OWP 43 9800 660 430 190 570
T6 CRB 55 7820 590 330 185 560
BWP 43 8220 830 324 210 620
55 6680 675 370 210 570

Subgrade and Natural Ground

The natural ground in Section T6 — comprising cemented layers and stiff to very stiff clays —
underlying T6 is reinforced by modulus values in Table E 5 above. The modulus of the
placed subgrade varies slightly from 185 MPa to 210 MPa. The modulus of the placed
subgrade embankment material at T2 and T4 varies from 170 MPa to 280 MPa.

The results of CBR testing undertaken on recovered sand samples and compacted to close
to the in situ values (Table E 6) resulted in a CBR of 20%. CBR testing undertaken during
construction close to the in situ density values produced CBRs of 19.5% for 94% compaction
and 25.8% for 96% compaction. These values suggest modulus values of approximately
195 MPa and 250 MPa respectively.
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Table E 6: Results of laboratory CBR testing: Tonkin Highway, sand subgrade

ID Densityratio (%) | Moistureratio (%) |  CBRW
Laboratory testing on recovered sand samples, 2017
T6 94.5 76.5 20.0
T4 95.0 77.0 20.0
Laboratory testing at construction, 1980
T4IT6 96.0 74.0 25.8
T4IT6 94.0 83.0 19.5

1 Test surcharge of 13.5 kg.

E.5.2

Reid Highway

The back-calculated moduli for the Reid Highway are shown in Table E 7 and Table E 8.

Table E 7: Back-calculated representative moduli: Reid Highway, Section R2, westbound lane

Thickness of . Modulus (MPa)
ID Base . Location
surfacing (mm) Asphalt BSL Limestone Subgrade
45 10 300 480 270 220
OowP
49 9150 420 280 220
R2 BSL
45 11235 710 230 225
BWP
49 10 180 650 230 225
Table E 8: Back-calculated representative moduli: Reid Highway, Section R3, westbound lane
Thickness of , Modulus (MPa)
ID Base . Location
surfacing (mm) Asphalt CRB Limestone Subgrade
39 14430 670 260 220
OWP
51 9480 470 250 220
R3 CRB
39 13350 800 270 220
BWP
51 10095 620 240 220
Subgrade

The modulus of the imported subgrade in Sections R2 and R3 was very similar, ranging from
218 MPa to 222 MPa in the OWP. These values were also close to the values for the Tonkin
Highway; this suggests that they are both Bassendean sands.

E.5.3

Kwinana Freeway

The back-calculated moduli for the Kwinana Freeway are shown in Table E 9. Data was only
available for the OWP of these sections. In addition, there was only one value of surfacing
thickness available rather than a range.

Table E 9: Back-calculated representative moduli: Reid Highway, left lane, OWP

Thickness of Modulus (MPa)
ID Base .
surfacing (mm) Asphalt BSL Limestone Subgrade
K2 CRB 65 8510 450 200 250
K3 CRB 65 7480 400 160 310
K12 BSL 64 5200 870 490 220
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Subgrade

The modulus of the imported subgrade varied a little between locations. In addition, the
modulus values were slightly higher than those at the Tonkin and Reid Highways. This is
expected as Tamala sands are known to be a stronger than Bassendean sands in terms of
bearing capacity.
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