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Note to Readers

It is noted that this report was prepared to assist in the negotiations for the Voluntary
Planning Agreement (VPA). The contribution values in the VPA supersede those
referred to on pages A3-1, A3-9, A3-13 and A3-14.

A3-ii



RESPONSE TO SUBMISSIONS MULTIQUIP QUARRIES

PA 07_0155 MOD3 Ardmore Park Quarry
Report No. 625/25 Appendix 3
MULTIQUIP QUARRIES

PAVEMENT REMAINING LIFE REPORT: ARDMORE PARK QUARRY
PRODUCT DELIVERY ROUTE

REPORT NO. R2017152

VER | REV REVISION DESCRIPTION VER. DATE | PREPARED | REVIEWED
BY BY
1 0 Draft report for client review 3 Aug 18 J. Erskine
1 1 Inclusion of additional truck types 11th Sep 18 | J. Erskine

Revision of analysis to account for limit on
1 2 annual tonnes hauled and combination of | 24t Sep 18 J. Erskine
4 Axle Dog & A Double truck scenario

1 3 Issued as Final 25" Sep 18 | J. Erskine

Winner Winner Winner Finalist Winner Winner Featured in

o { ™ Western i Western

/5006 2008

IPWEA WINNER WINNER
Gold Award New or NSW Eng National Eng. Most Innovative Export award Australian
Specialist Improved Excellence Excellence Product Technology
Services Technique Awards Awards Show Case

A3-iii




MULTIQUIP QUARRIES RESPONSE TO SUBMISSIONS
Ardmore Park Quarry PA 07_0155 MOD3
Appendix 3 Report No. 625/25

This page has intentionally been left blank

A3-iv



RESPONSE TO SUBMISSIONS MULTIQUIP QUARRIES

PA 07_0155 MOD3 Ardmore Park Quarry
Report No. 625/25 Appendix 3
EXECUTIVE SUMMARY

Pavement Management Services (PMS) was contracted by Multiquip to undertake a pavement structural
evaluation and provide a remaining life assessment on the pavement of the Ardmore Park Quarry
Transport Route from the South Marulan Road to the quarry entrance at Lumley Road. The route
comprises Jerrara Road, Mountain Ash Road, Bungonia Bypass and Oallen Ford Road with the
Bungonia Bypass not assessed between Mountain Ash Road and Oallen Ford Road.

To undertake the pavement investigation and prepare the remaining life report, Pavement Management
Services undertook Falling Weight Deflectometer (FWD) testing on the existing pavement between 30t
May and 20t June 2018. Based on the FWD testing, the values for deflection and curvature were
determined and the remaining life for the various pavement sections assessed.

The findings of the structural and remaining life analysis found the three roads comprising the transport
route exhibit a similar deflection response. Both Jerrara Road and Oallen Ford Road exhibit localised
and for the most part isolated locations of remaining life less than 20 years, representing approximately
16% of the total transport route. The loaded lane of the transport route heading north owing to the higher
design traffic volumes has the lower remaining life with an average of 17.1 to 17.5 years. This compares
with to 19.3 to 19.4 for the unloaded lane considering the two quarry truck scenarios analysed.

The financial impact that the quarry trucks will have on the life of the pavement asset of the transport
route when compared with the existing base load traffic was found to range from $857,376 (3 Axle Dog)
to $1,143,168 (4 Axle Dog & A Double). This compares with Section 94 contributions based on material
hauled over the same design period (20 years) which range from $7,520,000 (3 Axle Dog) to
$10,646,064 (4 Axle Dog & A Double). The Section 94 contributions® range from 8.8 times (3 Axle Dog)
to 9.3 times (4 Axle Dog & A Double) those determined from the increased consumption of the
pavement asset.

This analysis is based on the pavement remaining in its current configuration of a spray sealed flexible
unbound pavement that is subject to permanent deformation (rutting) being the primary mode in which
these roads can be expected to fail. Should the road ever be surfaced with an asphalt wearing course
the results indicate that asphalt fatigue would become the primary mode and with detrimental
consequences.

" See Note on page A3-ii
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1 INTRODUCTION

1.1 Introduction and Background

Pavement Management Services (PMS) was contracted by Multiquip to undertake a pavement structural
evaluation and provide a remaining life assessment on the pavement of the Ardmore Park Quarry
Transport Route from the South Marulan Road to the quarry entrance at Lumley Road. The route
comprises Jerrara Road, Mountain Ash Road, Bungonia Bypass and Oallen Ford Road with the
Bungonia Bypass not assessed between Mountain Ash Road and Oallen Ford Road.

To undertake the pavement investigation and prepare the remaining life report, Pavement Management
Services undertook Falling Weight Deflectometer (FWD) testing on the existing pavement between 30t
May and 20t June 2018. Based on the FWD testing, the values for deflection and curvature were
determined and the remaining life for the various pavement sections assessed.

1.2 Objective

The objective of this report was to determine the current structural capacity and remaining life of existing
central pavement of the transport route.

1.3 Scope of Work
The scope of work covered:

» FWD testing of Ardmore Park Quarry Transport Route excluding the Bungonia Bypass.

» Determine design traffic volumes for each road along the transport route comprising local traffic
and additional quarry truck volumes considering both loaded and unloaded movements from the
quarry.

» Assess the remaining life of the existing central pavement.

1.4 Location Details

The Ardmore Park Quarry Transport route extends from the South Marulan Road in the north to the
Ardmore Park Quarry in the south totalling 19.82km. Only those road segments maintained by council
have been considered in this analysis. Figure 1-1 following shows “in red” the transport route tested with
the blue line representing the Bungonia Bypass not tested.

Figure 1-1 Ardmore Park Quarry Transport Route
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Testing was performed along the length of each road between the extents described in Table 1-1
following. Each road surveyed was considered as a two lane rural road with one lane in each direction
and testing was undertaken in the existing central pavement. For the purposes of this report the

following lane naming convention has been used as illustrated in Figure 1-2 following.

Table 1-1: Section Locations

Figure 1-2 Testing Lane Naming Convention

Road Identifier Start Location End Location Length (km)
1A1 South Marulan Road Mountain Ash Road 14.600
Jerrara Road
1A2 Mountain Ash Road South Marulan Road 14.600
Mountain Ash 2A1 Jerrara Road Bungonia Bypass 0.200
Road 2A2 Bungonia Bypass Jerrara Road 0.200
. Lumley Road (Quarry
Oallen Ford 3A1 Bungonia Bypass Entrance) 3.520
Road 3A2 Lumley Road (Quarry Bungonia Bypass 3.520
Entrance)

1.5 Referenced Documents

1. ASTM D4694 “Standard Test Method for Deflections with a Falling-Weight-Type Impulse Load
Device” American Society for Testing Materials, Conshohocken, PA, 2002.

2. PMS-TP4-FWD “Falling Weight Deflectometer (FWD) Test Procedure” PMS, Sydney, 2000.

3. Austroads Pavement Design “Guide to Pavement Technology Part 5: Pavement Evaluation and
Treatment Design”, Austroads, 2008.

4. Ref No: PBS — V110308 — VA3988 — Muscat Trailers / Multiquip Transport — v1, NHVR 2017.

5. Austroads Pavement Design “Guide to Pavement Technology Part 2: Pavement Structural

Design”, Austroads, 2008.
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2 METHOD AND ASSUMPTIONS

2.1 Test Methods of Survey

The FWD testing was conducted in accordance with ASTM D4694 [1] and PMS-TP4-FWD [2] 30t May
and 20t June 2018 and measured the pavement condition at 100m intervals. This testing was staggered
in the adjacent lane as shown in Figure 2-1 following. The FWD measured at each test point the peak
applied load and peak deflections from 9 geophones, with spacing ranging from under the centre of the
load to a distance of 1.5m from the load. The target load of the testing was 40kN or approximately
566kPa based on a 300mm diameter loading plate. The deflection and curvature readings were
determined from the FWD testing, based on the Austroads Guide to Pavement Technology - Part 5 [3].

|
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|
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|
|
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100m| - | ®
|
|
|
|
[
1

Figure 2-1 FWD Testing Pattern

2.1.1 Design Traffic Analysis

Road traffic includes a mixture of vehicles ranging from light to heavy vehicles and all vehicles contribute
to the structural deterioration of the pavement though light vehicle have a much lower impact when
compared to heavy vehicles. To design a pavement structure within a defined period of time, the traffic
is considered one of the most important factors.

The design traffic of Oallen Ford Road and Mountain Ash Road was determined from 12 bin vehicle
classification data as supplied by representatives of Multiquip adjusted to 15t July 2018 based on a
historical growth rate of 2.5%. In addition, a daily count of light and heavy vehicles travelling along
Jerrara Road was performed in December 2017. The distribution of heavy vehicles from the Oallen Ford
classified count was used to distribute the heavy vehicles observed on Jerrara Road. A total of 25,000
truck movements per annum, comprising 12,500 loaded from the quarry travelling north and unloaded
travelling south are understood allowed to use the transport route. Three different quarry trucks are
proposed to use the transport route, 3-axle dog plus 4-axle dog plus and A double in combination [4]
with configurations as shown in Figure 2-2 to Figure 2-4 following. The design traffic volumes of the
loaded and unloaded quarry trucks have been determined from weighbridge dockets provided by
representatives of Multiquip for each type of truck. All design traffic calculations are based on The Guide
to Pavement Technology Part 2: Pavement Structural Design published by Austroads in 2008 [5]. A
design period of 20 years has been adopted along with a long term growth rate of 2.5% equal to the
historical growth.
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Figure 2-2 3-Axle Dog

Figure 2-3 4-Axle Dog

Figure 2-4 A Double
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2.1.2 Remaining Life and Overlay Requirements based on Design Chart Method

The empirical design chart based approach was used in the determination of the structural life of the
pavement; the normalised deflection and curvature readings were related to the structural life in
accordance with Part 5 of the Austroads Guide to Pavement Technology [3]. The following assumptions
were made in undertaking this analysis:

e The remaining life and overlay requirements assume that the pavement is flexible and does not
comprise cemented materials.

e The pavement surface comprises a single or double coat seal with a thickness of approximately
25mm.

e A seasonal moisture factor of 1.0 has been used on the basis that there is no defined wet/dry
season at the site. This was determined utilising Bureau of Meteorology historical rainfall data
from Goulburn which showed generally consistent rainfall patterns throughout the year.

Any assessment of pavement remaining life on the basis of the empirical design chart method is subject
to the inherent limitations of empirical based methods. The more fundamentally based mechanistic-
empirical approach, utilising material characteristics such as layer modulus and environmental
conditions provides a higher level of confidence in the assessment of remaining life, subject to the
constraints of having accurate pavement profiles.
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3 PAVEMENT CONDITION RESULTS

31 Structural Assessment

3.1.1 Design Traffic

Twenty year design traffic volumes were determined using the traffic count and daily observed data plus
the quarry trucks for each road. Table 3-1 summarises the design traffic calculations for each direction
at the two locations.

Table 3-1 Design Traffic

3 Axle Dog 4 Axle Dog & A Double
Identifier Road Direction | Source Design Design
Traffic Reference Traffic Reference
(ESA’s) ™ (ESA’'s) M
Local | 5.36x105 |DT2017152-1| 5.36x105 |DT2017152-1
1.13x105 |DT2017152-8
1A1 Jerrara Road | Unloaded | Quarry | 1.54x10% |DT2017152-6
1.79x105 |DT2017152-10
Total | 6.90x10% N/A 8.28x10° N/A
Local | 5.36x105 |DT2017152-1| 5.36x105 |DT2017152-1
1.15x108 |DT2017152-7
1A2 Jerrara Road | Loaded Quarry | 1.77x10% |DT2017152-5
1.46x108 |DT2017152-9
Total | 2.31x10° N/A 3.15x10°¢ N/A
Local | 7.87x105 |DT2017152-2| 7.87x105 |DT2017152-2
; 1.13x105 |DT2017152-8
2A1 y%“gta'g Unloaded | Quarry | 1.54x105 |DT2017152-6
sh Roa 1.79x105 |DT2017152-10
Total | 9.41x105 N/A 1.08x10° N/A
Local | 7.87x105 |DT2017152-2| 7.87x105 |DT2017152-2
; 1.15x108 |DT2017152-7
2A2 y%”gta'g Loaded | Quarry | 1.77x10° |DT2017152-5
sh Roa 1.46x108 |DT2017152-9
Total | 2.56x108 N/A 3.40x108 N/A
Local | 3.26x10° |DT2017152-3| 3.26x105 |DT2017152-3
1.13x105 |DT2017152-8
3A1 Oa'}f” '(:jord Unloaded | Quarry | 1.54x105 |DT2017152-6
0a 1.79x105 |DT2017152-10
Total | 4.80x105 N/A 6.18x10° N/A
Local | 3.16x105 |DT2017152-4| 3.16x105 |DT2017152-4
1.15x108 |DT2017152-7
saz | QAN | paded | Quarry | 1.77x10° |DT20171525
oa 1.46x10% |DT2017152-9
Total | 2.09x10° N/A 2.93x106 N/A

(1) Total Design Traffic is calculated as Local plus Quarry traffic
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Section 94 contributions? paid to council based on the payload of material transported from the quarry

by each truck over the 20 year design period is summarised in Table 3-2.

Table 3-2 Section 94 Contributions

Truck Payload Section 94 AnnuaI_Loaded 20 Year _Sec!ion 94
(tonnes) (cents/tonne) Trips Contributions
3-Axle Dog 32 94 12,500 $7,520,000
4-Axle Dog' 39 94 6,292 $4,613,294
A Double’ 51 94 6,292 $6,032,770

(1) Based on the 4-Axle Dog and A Double combination, total section 94 contributions equates to $10,646,064.

3.1.2 Deflection

The aim of this analysis is to determine the current structural capacity of each road segment so that any
impact from the quarry trucks can be assessed. The deflection values refer to the amount of vertical
displacement that occurs in the pavement under a loaded truck. Table 3-3 and Figure 3-1 following,
show the statistical summary and the distribution of measured deflection results across each road
segment.

Table 3-3 Deflection Results

th th
Road Identifier | Average gfeavri‘:t?;ﬂ nggnlge I;Z:;fnlge Minimum Maximum
1A1 0.76 0.22 1.02 0.51 0.29 1.58
Jerrara Road
1A2 0.76 0.29 1.09 0.42 0.09 2.09
Mountain Ash 2A1 0.66 0.21 0.77 0.54 0.51 0.80
Road 2A2 0.61 0.04 0.63 0.59 0.58 0.64
Oallen Ford 3A1 0.66 0.22 0.89 0.42 0.22 1.23
Road 3A2 0.68 0.25 0.98 0.37 0.12 1.20

These results show that in terms of average deflection, all roads generally exhibit a similar overall
deflection response across the existing central pavement. What is also evident from the analysis is that
there is a large range of deflection readings across each road as a whole with the deflections ranging
from less than 0.5mm up to in excess of 1.5mm. The distribution of deflection values show
approximately 15% of the tested locations have a deflection in excess of 1.0mm equivalent to a
remaining life of less than 3 million axle repetitions. With the current loaded lane 20 year traffic volumes
close to this volume, the results suggest that approximately 15% of the transport route is likely to have a
remaining life of less than 20 years.

2 See Note on page A3-ii
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For comparison purposes, the following design deflections from Austroads [3] shown in Figure 3-2 are
required to support the range of design traffic loadings.

24

2.2

2.0

1.8

16

1.4

1.2

1.0

0.8

108
Design traffic (ESA)

Figure 3-2 Design Deflections

Deflection results for each test location can be found in Appendix B.
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3.1.3 Curvature

The aim of this analysis is to determine the current structural capacity of each road segment so that any
impact from the quarry trucks can be assessed. The curvature measures the shape of the deflection
bowl. The higher the curvature the more likely the pavement is to crack under traffic load. High values
for curvature indicate a tendency of the surface to suffer fatigue cracking. As the site tested is a spray
seal surfaced pavement, fatigue cracking is not typically the primary cause of pavement failure. Table
3-4 and Figure 3-3 following, show the statistical summary and the distribution of measured curvature
results across each road segment.

Table 3-4 Curvature Results
th th
Road Identifier | Average Star_ida_Ird Upper 19 Lower 19 Minimum Maximum
Deviation Percentile Percentile
1A1 0.33 0.09 0.45 0.22 0.17 0.61
Jerrara Road
1A2 0.30 0.1 0.45 0.19 0.03 0.62
Mountain Ash 2A1 0.26 0.04 0.28 0.24 0.23 0.29
Road 2A2 0.25 0.06 0.28 0.22 0.21 0.29
Oallen Ford 3A1 0.27 0.1 0.41 0.14 0.07 0.67
Road 3A2 0.24 0.10 0.37 0.15 0.05 0.52

These results show that in terms of curvature, all roads again have a similar overall response across the
existing central pavement. It is important to note that as the transport route is a spray seal surfaced
pavement fatigue which is assessed using curvature values is not applicable for this location. The
distribution of curvature values show approximately 95% of the tested locations have a curvature in
excess of 0.15mm equivalent to a remaining life of less than 3 million axle repetitions. This suggests that
almost the entire length of the transport route is incapable of carrying significant traffic volumes should
asphalt be used to surface the pavement in future due to the flexible nature of the pavement structure.

150 100%

_— oo
/

135

120 80%

70%

60%

©
o

50%

~
(&)

40%

(2]
o

30%

Number of Test Locations
D
o

20%

w
o
L

Cumulative (%) of Tested Locations

- 10%

-
(9]
L

- 0%

o
L

wn o il o 0 o n o [le} o 0 o o
= - - N N « « < ~ b 0 © ©
o o o o o o o o o o o o o
o Yol o wn o 'e] o n o Lo} o 0

= - b N N “« ] ~ < ] ]

o o o o o o o o o o o

Curvature (mm)
= Frequency = Cumulative %

Figure 3-3 Distribution of Curvature

For comparison purposes the following values in Table 3-5 provides the design traffic life (in the fatigue
mode) for various curvature functions.
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Table 3-5 Curvature/Design Traffic Loading Relationships

Curvature (mm) Design Traffic Loading
<0.11 More than 10 million ESA
0.11-0.18 1 million to 10 million ESA
0.18-0.32 100,000 to 1 million ESA
0.32-0.50 10,000 to 100,000 ESA
>0.50 Less than 10,000 ESA

Curvature test results for each test location can be found in Appendix B.

3.1.4 Empirical Remaining Life (ESA’s)

The remaining life of the pavement has been assessed using the Austroads empirically derived Design
Chart Method using the peak deflection to assess the number of standard axle repetitions to failure in
terms of permanent deformation. This in turn, based on the current and proposed quarry traffic volumes
for each road has been used to determine the remaining life in terms of years.

Table 3-6 Remaining Life Results (Years)

Road Identifier Existing (No Quarry) 3 Axle Dog 4 Axle Dog & A Double Tested
Average | <10yrs | Average | <10yrs Average <10yrs | Locations
1A1 19.5 4 19.3 5 19.3 5 145
Jerrara Road
1A2 18.9 8 17.2 19 16.7 25 145
Mountain Ash 2A1 20.0 0 20.0 20 20.0 0 2
Road 2A2 20.0 0 20.0 20 20.0 0 2
Oallen Ford 3A1 20.0 0 19.8 0 19.6 0 35
Road 3A2 20.0 0 185 3 18.2 3 35
12 27 33
Total 19.4 (3.3%) 18.5 (7.4%) 18.2 (9.1%) 364

The average remaining life of the unloaded lane was found to range from be 19.3 to 19.4 years and for
the unloaded lane from 17.1 to 17.5 years based on the two quarry truck scenarios analysed. Overall
considering both the loaded and unloaded lanes, the average remaining life for the transport route was
18.5 years for the 3 Axle Dog, 18.2 years for the 4 Axle Dog and A Double combination. Despite the 4
Axle Dog and A Double combination carrying 40% more material than the 3 Axle Dog from the same
number of design life movements, the remaining life is reduced by only 0.3 years.

By examining the reduction in remaining life for the three truck configurations it is possible to determine
an economic cost reflecting the increased consumption of the pavement asset associated with the
quarry trucks using the local roads. Utilising a reconstruction unit rate of $130/m2 provided by
representatives of Multiquip, a replacement cost for the 18.32km transport route, excluding the Bungonia
Bypass, based on an 8m width is calculated as $19,052,800 (130 x 8 x 18320). Determining the delta of
the average remaining life between the existing traffic volumes without the quarry trucks and those with
the addition of the quarry trucks, a value for the increased consumption of the pavement asset can be
determined as follows:

Remaining Lif ecyrren: — Remaining Lif eqyarry
20

Consumption = X Replacement Cost

A3-12



RESPONSE TO SUBMISSIONS MULTIQUIP QUARRIES

PA 07_0155 MOD3 Ardmore Park Quarry
Report No. 625/25 Appendix 3

The consumption of the pavement asset is summarised for the three truck configuration in Table 3-7
following and compared with the Section 94 contributions?® paid.

Table 3-7 Consumption vs Contributions

Current 3 Axle Dog gﬁxéiggg

Remaining Life 194 18.5 18.2
Consumption N/A $857,376 $1,143,168
Section 94 Contributions N/A $7,520,000 | $10,646,064

What can be seen from this economic analysis is that the section 94 contributions are considerably
greater, being almost 10 times that determined from the increased consumption of the pavement asset.
While the quarry trucks will also contribute to an increased deterioration of the wearing surface which
has not been considered in this analysis, this increase is not deemed to be significant. Furthermore the
replacement cost that has been calculated is inclusive of the wearing surface and the unit rate adopted
is understood to be conservative. As such any increased consumption of the wearing course is believed
to be taken into account within the economic analysis undertaken.

The remaining life results for each road at each test location can be found in Appendix C.

3 See Note on page A3-ii
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4 CONCLUSIONS AND RECOMMENDATIONS

The findings of the structural and remaining life analysis found the three roads comprising the transport
route exhibit a similar deflection response. Both Jerrara Road and Oallen Ford Road exhibit localised
and for the most part isolated locations of remaining life less than 20 years, representing approximately
16% of the total transport route. The loaded lane of the transport route heading north owing to the higher
design traffic volumes has the lower remaining life with an average of 17.1 to 17.5 years. This compares
with to 19.3 to 19.4 for the unloaded lane considering the two quarry truck scenarios analysed.

The financial impact that the quarry trucks will have on the life of the pavement asset of the transport
route when compared with the existing base load traffic was found to range from $857,376 (3 Axle Dog)
to $1,143,168 (4 Axle Dog & A Double). This compares with Section 94 contributions based on material
hauled over the same design period (20 years) which range from $7,520,000 (3 Axle Dog) to
$10,646,064 (4 Axle Dog & A Double). The Section 94 contributions* range from 8.8 times (3 Axle Dog)
to 9.3 times (4 Axle Dog & A Double) those determined from the increased consumption of the
pavement asset.

This analysis is based on the pavement remaining in its current configuration of a spray sealed flexible
unbound pavement that is subject to permanent deformation (rutting) being the primary mode in which
these roads can be expected to fail. Should the road ever be surfaced with an asphalt wearing course
the results indicate that asphalt fatigue would become the primary mode and with detrimental
consequences.

4 See Note on page A3-ii
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APPENDIX A — DESIGN TRAFFIC VOLUMES
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