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1. Introduction

The City of Fremantle requested MIB-ROS Consulting (MIB-ROS) assess the information
garnered by the City for each of the roads sections to determine rectification options
that could be submitted as a part of the City’s MRRG funding submission.

The roads proposed for MRRG funding are:
* Carrington Street form Hugh St to property 188 (in both directions)
* Lefroy Road from York St to McCleery Street (in both directions)
®  Ord Street from Ellen Street to James St (north bound carriageway only)
® Queen Street from Phillimore Street to Henderson Street (in both directions)
* South Terrance from Wray St Roundabout to Alma Street (in both directions)
*  Winterford from McCombe Avenue to property 114 (east bound carriageway

only)

This report presents the findings of the pavement assessment for each of the proposed
road sections.

2. Carrington Street — Hughes Street to Property 188

2.1. Summary of Road

Carrington Street is a Distributor A running from Canning Highway, which is Primary
Distributor to Hamilton Road. The road has an AADT of 18,450 between South Street
and Clarke Street with 6.1% heavy vehicles. The road is Network 1 in Main Roads WA
Restricted Access Vehicle (RAV) network south of Clarke St, which this section falls into.
Therefore, only as of right vehicles (19m semi-trailers or smaller) may traverse this
section. This section of road is also currently part of the 114 bus route.

The Equivalent Standard Axles (ESAs) were determined using a 30 year life and an
assumed 3% growth rate. The calculated ESAs were 1.34x107.

The section proposed for MRRG funding is between Hughes Street and Property 188 and
includes all four lanes.

2.2. Geology and Ground Water

The Fremantle 1:50,000 geological mapping sheet shows that the natural soil in the area
being sand derived from Tamala Limestone.

The Department of Water ground water mapping shows the ground water table being at

a depth of 49 metres below the existing ground surface. The cores carried out by Aslab
Pty Ltd (Aslab) also did not detail any presence of water.

J19001-Rev0
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2.3. Pavement Cores

The City of Fremantle engaged Aslab to carry out pavement cores to determine the layer
thicknesses of the pavement. Table 1 below shows the depths of each layer.

Table 1. Carringion Sireet Core tests

Material Corel Core 2
13m North Hughes 66m South of Hughes St
Thickness (mm) Thickness {mm)

Asphalt 35 50

Basecourse 35 120

Limestone 270 470+

Sand with Blue Metal 110

Total Thickness 450 640+

Subgrade Sand Refusal

2.4. Dynamic Cone Penetrometer (DCP) Testing

Aslab have carried out Dynamic Cone Penetrometer (DCP) Testing to assess the in-situ
subgrade strength. The results of the testing as well as correlated in-situ CBR strengths!
are outlined in Table 2 below.

Table 2. Carringion Sitreet DCP tests

DCP 1 DCP 2 DCP 3
51m South Hughes St 80m South Hughes St 13m North Hughes St
mm/5 CBR mm/5 CBR mm/5 CBR
blows blows blows
60 18 30 39 50 22
60 18 30 39 20 62
70 15 30 39 30 39
160 6 30 39 30 39
120 8 30 39 40 28
160 6 20 62 30 39
40 28 40 28
40 28 30 39
50 22
40 28

2.5. Falling Weight Deflectometer (FWD)

ARRB have also carried out Falling Weight Deflectometer (FWD) testing on behalf of the
City on all four carriageways. An assessment of the FWD results has been carried out for

both the Deflection and Curvature as outlined in Austroads Guide to Pavement
Technology Part 5 (AGPT5).

1 Main Roads Western Australia “Engineering Road Note 9” (2013)
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The Austroads methodology for assessing the FWD data, to determine the requirements
for a structural overlay are as follows:

* deflections and curvatures are adjusted for seasonal moisture variations and
adjusted from the measurement temperature to the temperature in-service;

e as deflections and curvatures may be measured by Benkelman Beam,
deflectograph or FWD, they need to be standardised using Figure 6.3 and Figure
6.4 of AGPTS5;

e the adjusted deflections are then divided into homogeneous sub-sections; and

* characteristic values of deflection and curvature are calculated for each sub-
section.

The seasonal moisture variation factor was assumed to be 1 as testing was carried out in
December and it is assumed that the subgrade is free draining.

The deflections and curvatures were standardised using AGPT5 Figures 6.3 and 6.4.
These factors are outlined in Table 3 below. Correction figures are presented in
Appendix A.

Table 3. Correction factors for Carrington Street

DO Curvature
Temperature Correction 1.05 1.1
Deflection Correction 1.15 1

The characteristic deflection (CD) and curvature (CC) for all test within the section are
outlined in the table below.

Table 4. CD and CC for Carrington Street

CD cC
0.33 0.07
Coefficient of Variation (CV) 0.299 0.348

The Coefficient of Variation is slightly above what is recommend in Austroads (0.25).
This is can be reduced to 0.25 by removing 3 outliers that are in the outer lane for
southbound traffic.

The method then assesses the CD against the design deflection to determine if an
overlay is required to prevent permanent deformation and assesses the overlay
thickness using the CC in order to prevent fatigue failure of the asphalt. These are
determined using Figure 6.5 and Figure 6.6 of AGPT5. The MRRG Guidelines for the
Submission of Road Rehabilitation Projects presents a slightly different methodology
that is based on the 1992 Austroads Pavement Design Guide2. The 1992 procedure
determines a design deflection and curvature and assesses these against the CD and CC,
however the adjustment factors are slightly different. For conservatism the current
Austroads factors were applied. Both methods are based off the same foundation and
will give a very similar result, albeit using slightly different methodologies.

The design deflection and curvature using the guidelines figures are presented in the
table below and are compared to the CD and CC values calculated.

2 Austroads Technical Basis of Austroads Design Procedures for Flexible Overlays on Flexible
Pavements (2008).

J19001-Rev0
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Table 5. Comparison of design deflection and curvature against CD and CC for Carrington Street

CcD cE
Measured 0.33 0.07
Design 0.88 0.105

As seen the CD and CC are significantly below the design values indicating that the
pavement is likely structurally sound.

Upon assessment of each test point it can be seen that there are 3 points that are greater
than the design curvature. These points are in the outer lane for the southbound traffic.
The image below shows the locations of these 3 tests (red). Significant variations in
individual FWD data points should be treated with caution, as there can be false
readings. However, in this instance the observed data is consistent with the pavement
failures observed on site and the thinner than recommended basecourse encountered in
these areas.

Figure 1. Comparison of individual FWD tests Carrington Street

2.6. Assessment of pavement thickness

Based on the correlated DCP results and the geological information a conservative CBR
of 12% was used to determine the recommended design pavement using Figure 8.4 of
Austroads Guide to Pavement Technology Part 2 (AGPT2).

As seen in the figure below the required thickness of the basecourse material is
approximately 170mm and the subbase is 125mm. In both cores the basecourse is too
thin and for the core near Hughes Street if the asphalt is excluded the pavement just
meets the required thickness. Given the lack of basecourse the stress distribution

J19001-Rev 0
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through the pavement would be narrower than typical resulting in greater stain at the
top of the subgrade, which could lead to permanent deformation sooner.

Figure 2. Carringion Sireet pavement using Figure 8.4
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2.7. Treatment options

The pavement is showing signs of failure north of Hughes Street and some minor
structural cracking across the remainder of the section. There is cracking at the joins
and the asphalt has also begun to ravel indicating that it is nearing the end of'its life.
Based on the information above the pavement appears to be relatively sound apart from
the Hughes Street intersection north, particularly on the southbound carriageways,
however the CD was significantly lower than the design deflection and would indicate
that permanent deformation of the subgrade may not be an issue.

Two possible treatment options are:

1. Localised reconstruction of the failing sections around Hughes Street, mill out
the asphalt in the remaining section, apply a SAMI seal and replace the asphalt
using Dense Graded Asphalt with 14mm maximum aggregate (DG14) (nominally
40mm).

2. Profile out the existing asphalt, apply a SAMI seal and replace the asphalt either
using DGA 14 or Stone Mastic Asphalt (SMA) (nominally 40mm).

The SAMI seal would provide some additional flexibility at the base of the asphalt to
improve fatigue cracking.

The combination of SAMI and SMA would provide a surfacing that is less susceptible to
fatigue cracking. However, SMA overlays are more difficult to construct than typical
Dense Graded Asphalt (DGA) and can stay softer for longer, particularly if constructed
during hot days in summer. As the works are on a major road and adjacent to a major
intersection, if SMA is chosen additional care will be required during construction.

J19001-Rev0
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3. Lefroy Road - McCleery Street to York Street

3.1. Summary of Road

Lefroy Road is a Local Distributor running from Carrington Street to Little Lefroy Lane.
The road has an AADT varying from 4565 to 5945 between McCleery Street to York
Street and carries between 5.2% to 7.4% heavy vehicles. The road is a Network 1 in
Main Roads WA Restricted Access Vehicle (RAV) network, therefore only as of right
vehicles should be traversing it. This section of road is also currently part of the 511 and
513 bus routes.

The Equivalent Standard Axles (ESAs) were determined using a 30 year life and an
assumed 3% growth rate. The highest number of ESAs were used for the assessment of

the entire road section which where 3.78x106.

The section proposed for MRRG funding is between McCleery Street and York Street in
both directions.

3.2. Geology and Ground Water

The Fremantle 1:50,000 geological mapping sheet shows that the natural soil in the area
is sand derived from Tamala Limestone. The western edge of the section is close to an
area mapped as underlain by Tamala Limestone.

The Department of Water ground water mapping shows the ground water table varying
between 13.8m below the ground existing surface at Caesar St to 34.6m below the
surface at Edmund St. The cores carried out by Aslab also did not detail any presence of
water.

3.3. Pavement Cores

The City of Fremantle engaged Aslab to carry out pavement cores to determine the layer
thicknesses of the pavement. Table 6 below shows the depths of each layer.

J19001-Rev O
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Table 6. Lefroy Street cores

Material Core 1 Core 2 Core 3 Core 4 Core 5 Core 6
105m 340m 612m 906m 1117m 1340m
east of east of east of east of east of east of
McCleery | McCleery | McCleery | McCleery | McCleery | McCleery
St St St St St St
Thickness | Thickness | Thickness | Thickness | Thickness | Thickness
{(mm) (mm) (mm) (mm) (mm) (mm)

Asphalt 40 40 35 50 60 55

Basecourse 170 60 35 100 90

Subbase 430+ 470+ 210 220 385

(Limestone)

Other Refusal 110+
(Ballast (Gravelly
Mix) Sand)

Total 210+ 530+ 540+ 360 480+ 440

Thickness

Subgrade Refusal Refusal Refusal Sand Refusal Sand

3.4. Dynamic Cone Penetrometer (DCP) Testing

Aslab have carried out Dynamic Cone Penetrometer (DCP) Testing to assess the in-situ
subgrade strength. The results of the testing as well as correlated in-situ CBR strengths

are outlined in Table 7 below.

Table 7. Lefroy Street DCP tests

DCP1 DCP 2

906m East St of McCleery | 1340m East St of

St McCleery St

mm/5 CBR mm/5 CBR

blows blows

50 22 50 22

20 62 50 22
10 134
10 134

3.5. Falling Weight Deflectometer (FWD)

The City also engaged ARRB to carried out Falling Weight Deflectometer (FWD) testing

for the entire section.

The methodology outlined in Section 2.5 was also used for this road.

The seasonal moisture variation factor was assumed to be 1 as testing was carried out in
December and it is assumed that the subgrade is free draining.

The deflections and curvatures were standardised using Figures 6.3 and 6.4 of AGPTS5.

These factors are outlined in Table 8 below and the figures are presented in Appendix A.

J19001-Rev0
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Table 8. Lefroy Street FWD correction factors

DO Curvature
Temperature Correction 1.02 1.05
Deflection Correction 1.15 1

The characteristic deflection (CD) and curvature (CC) for the entire section is outlined in
the table below.

Table 9. Lefroy entire section CD and CC

CD CC
0.636 0.1.1.2
Coefficient of Variation (CV) 0.346 0.403

The Coefficient of Variation is significantly above what is recommend in Austroads
(0.25), this indicates the section should be divided into sub-sections. Assessing the data,
the following sub-sections were determined. The design deflection and curvature are
also included in the table below.

Table 10. Lefroy sub-sections CD and CC

Road Section CD CcC
McCleery Street to Edmund Street 0.547 0.117
(0% 0.176 0.219
Edmund Street to Caesar Street 0.702 0.143
Ccv 0.285 0.323
Curedale Street Roundabout 0.385 0.087
CV 0.173 0.184
Caesar Street to York Street 0.513 0.080
(0% 0.357 0.297
Design 0.950 0.125

The Curedale Street roundabout has been considered as a separate sub-section as it
appears the pavement in this area was reconstructed around 2005/6 as part of the
installation of the roundabout. The CV for Caesar to York is higher than desirable,
however if 4 points out of the 56 (that are above the mean) are excluded the CV
decreases to 0.3 and 0.22 for the deflection and curvature respectively.

The CC for the section between Edmund Street to Caesar Street is above the design
curvature indicating that the upper layers are not stiff and would result in increased
stain at the bottom of the asphalt layer leading to fatigue cracking. The high curvature
could be a result of the asphalt layer containing structural cracking and not actingas a
bound layer; also due to the lack of basecourse and possibly poor construction given the
layer thicknesses and variability present in this section. The CD for this section is below
the design deflection, however it is significantly higher than the other sections.

The image below shows locations where the curvature for the individual tests were
above the design curvature. No points had a deflection above the design deflection,
again it should be noted that this is not typically how the assessment would be carried
out but provides a good representation of the sections outlined above.

J19001-Rev O
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3.7. Treatment options

There is structural cracking forming along the length of the section particularly between
Edmund Street to Caesar Street. The road has a bicycle lane with traffic lanes only
around 3m wide; this would result in substantial channelisation of heavy vehicles,
resulting in little wander and causing the stresses to be concentrated in a small area.
The CC of the section between Edmund Street to Caesar Street is above the design
curvature and indicates that the upper layers of the pavement are not the required
strength.

It is recommended that the road be divided into sub-sections as outlined above.
Edmund Street to Caesar Street
The below treatment options could be considered.

1. Foamed Bitumen Stabilisation (FBS) to a depth of 210mm and surface with 35-
40mm DG10.

2. Profile out the existing asphalt nominally 40mm, apply a SAMI seal and install
60mm of Dense Graded Asphalt (DGA).

The analysis for the FBS was carried out using the Austroads pavement design software
AustPADS. AustPADS is a finite element method model that assesses pavements using
the mechanistic-empirical method. The output sheet from AustPADS for the FBS analysis
are included in Appendix B.

The depth of the overlay is determined using the figure in the guidelines shown below,
however as the existing surface is to be profiled the CC was increased by 25% per 25mm
as outlined in AGPTS5. If the surface was not profiled the overlay thickness would be
approximately 25mm, however there would be a risk of reflective cracking given the
thin layer. An overlay would also likely require modification to sections of kerbing and
Crossovers.

J19001-Rev O
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Figure 5. Structural overlay thickness Lefroy Street
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Given the significantly thin layer of basecourse in this section it is possible that fatigue
cracking will occur sooner than anticipated as the flexible overlay thickness method was
based on the pavement being sound and does not address cracking in the existing
asphalt layer. Therefore, the FBS option would provide the City with a lower risk of the
road requiring rehabilitation sooner than designed.

Remaining Sections

Based on the FWD information and visual assessment the remaining sections are
sounder and an overlay is considered appropriate.

Possible options would be:

1. Profile outthe existing asphalt (nominally 35-40 mm), apply a SAMI seal and
install 30mm of Dense Graded Asphalt (DG10)

2. Profile out the existing asphalt (nominally 30-35mm) without damaging the
underlying seal and install SMA

A DG10 has been proposed for this section to decrease tire noise for the nearby
residents. The thickness of the cores indicates a variable existing asphalt thickness,
therefore some areas may have a thin layer of asphalt remaining, as such a SAMI or SMA
has been proposed to limit any reflective cracking from the existing asphalt into the new
asphalt layer. The City may wish to consider installing DG14 75blow /Intersection Mix at
the roundabout of Lefroy and Curedale Streets to limit deformation of the asphalt albeit
the horizontal loads would not be excessive at this location and therefore may notbe
required. A SAMI could also be considered with the SMA to provide additional fatigue
life.

J19001-Rev0
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4. Ord Street — Ellen Street to James Street

4.1. Summary of Road

Ord Street is a Local Distributor running from High Street to James Street. The road has
an AADT of 6674 which includes approximately 10% heavy vehicles. The road is
Network 1 in Main Roads WA Restricted Access Vehicle (RAV) network. This section of
road is also currently part of a bus route.

The Equivalent Standard Axles (ESAs) were determined using a 30 year life and an
assumed 3% growth rate. The ESAs used for the assessment of the road were 8.10x106

The section proposed for MRRG funding is between Ellen Street and James Street in the
northbound direction only.

4.2. Geology and Ground Water

The Fremantle 1:50,000 geological mapping sheet shows the subsurface conditions
being Tamala Limestone.

The Department of Water ground water mapping shows the ground water table being at
a depth of 3m below the existing surface. The cores carried out by Aslab did not detail

any presence of water.

4.3. Pavement Cores

The City of Fremantle engaged Aslab to carry out pavement cores to determine the layer
thicknesses of the pavement. Table 11 below shows the depths of each layer.

Table 11. Ord Street cores

Material Corel Core 2 Core 3
115m north of | 232m north of | 355m north of
Ellen St Ellen St Ellen St
Thickness Thickness Thickness
{mm) (mm) {mm)
Asphalt 45 40 40
Basecourse | 80 55 50
Subbase 225 405 390
(Limestone)
Other Refusal
(Sand & Ballast
Mix)
Total 350 500 570+
Thickness
Subgrade Sand Sand Refusal
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4.4. Dynamic Cone Penetrometer (DCP) Testing

Aslab have carried out Dynamic Cone Penetrometer (DCP) Testing to assess the in-situ
subgrade strength. The results of the testing as well as correlated in-situ CBR strengths
are outlined in Table 12 below.

Table 12. Ord Street DCP tests

DCP1 DCP 2

115m south Hughes St 232m South Hughes St

mm/5 CBR mm/5 CBR

blows blows

90 11 50 22

110 9 30 39

130 8 20 62

200 5 30 39

80 13 30 39
30 39
30 39
30 39
30 39
30 39

4.5. Falling Weight Deflectometer (FWD)

The methodology outlined employed in Section 2.5 was also used for this road.

The seasonal moisture variation factor was assumed to be 1 as testing was carried out in
December and it is assumed that the subgrade is free draining.

The deflections and curvatures were standardised using Figures 6.3 and 6.4 of AGPTS5.
These factors are outlined in Table 13 below. Correction figures are presented in

Appendix A.

Table 13. Correction factors for Ord Street

DO Curvature
Temperature Correction 1.05 1.15
Deflection Correction 1.14 1

The characteristic deflection (CD) and curvature (CC) for the entire section is outlined in
the table below. The design deflection and curvature are also included.

Table 14. Comparison of design deflection and curvature against CD and CC for Ord Street

CD cC

0.668 0.133
Coefficient of Variation (CV) 0.284 0.252
Design 0.9 0.117
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