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Disclaimer

To the extent permitted by law, WALGA exclude all
warranties as to, and responsibility for, the accuracy,
completeness or suitability of the information in
this guideline or for any error or omission in the
information and will not be liable for any loss or
damage suffered or incurred by any persons arising
from the use or reliance on the information or data
contained in this guideline. To the extent permitted
by law, WALGA disclaims all liability to the user for
loss, injury or damage, arising out of, or related to,
the use of the guidelines.

Although the report is believed to be correct at the
time of publication, the National Transport Research
Organisation, to the extent lawful, excludes all
liability for loss (whether arising under contract,
tort, statute or otherwise) arising from the contents
of the report or from its use. Where such liability
cannot be excluded, it is reduced to the full extent
lawful. Without limiting the foregoing, people should
apply their own skill and judgement when using the
information contained in the report.
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Introduction

Western Australian local governments face significant
costs from road wear as a consequence of unforeseen
heavy vehicle traffic triggered by projects, typically

in the resources industry. The impacts of additional
heavy vehicle traffic on shortening road life and
increasing maintenance requirements are greater for
roads that were not designed and constructed for this
purpose, which is the case for most local government
roads.

This guide provides local governments with a tool to
quantify the cost of additional wear and damage to
affected roads for a defined freight task. It can be
used as the basis for negotiation of cost recovery
from industry, to ensure that the local community
does not bear the costs imposed by private
businesses, and to adjust long term financial plans.
Substantial cost escalation has occurred since 2015,
necessitating a review of the unit rates and calculated
marginal costs resulting in the publication of this
revised Version 2 (2025).

Methods previously used to estimate the cost impact
often required detailed input data, specialised
engineering evaluation and modelling skills which
are not readily available to local governments. This
user guide presents a method for estimating the
cost of road wear using simple input parameters.
The technical basis is provided in a separate report,
‘Estimating the Incremental Cost Impact on Sealed
Local Roads from Additional Freight Tasks' (ARRB
2015) and addendum ‘Updates to the Incremental
Cost Guides on Sealed and Unsealed Local Roads’
(NTRO 2025).

Users of this guide will require a basic understanding
of the Western Australian road classification system
and will be assisted to select appropriate parameters
based on the situation and freight task. The guide

is designed to be applied to sealed roads only.
Estimating the cost of additional heavy vehicle

traffic on unsealed roads is covered by the separate
guideline 'Estimating the Incremental Cost Impact on
Unsealed Local Roads from Additional Freight Tasks'
(WALGA 2025).

Development background

The guide has been developed around the concept

of a marginal cost of road wear. The marginal cost of
road wear is the difference in cost of maintaining a
road in a serviceable condition, between a base traffic
loading and an increased traffic loading, comprising
the base and additional loading. Analysis has shown
that the marginal cost is mostly dependent on:

- the magnitude and duration of the additional
loading

+  the structural strength of the road
+ the cost of road maintenance activities.

Using these variables, a catalogue of charts has been
developed to represent the spectrum of scenarios
that are likely to be encountered on local government
roads across the State.

The marginal cost for each scenario was modelled
by using a custom software tool developed by
Austroads in 2015 called the ‘Freight Axle Mass Limits
Investigation Tool' (FAMLIT) and adapted for Western
Australian Local Government conditions. FAMLIT
models the life of the road based on deterioration
curves that were developed by monitoring numerous
different types of roads over many years. As the
defined road condition and structure deteriorates
under specific loading conditions, the model triggers
maintenance interventions that are required to keep
the road serviceable. FAMLIT then calculates the
difference in costs incurred between the base, or
normal loading and the base plus the additional
loading.

The scenarios are presented by graphs showing
marginal cost (in cents per equivalent standard axle
repetition) versus load duration. The user needs to
define their scenario in terms of the vehicle type
undertaking the task, annual tonnage and road
category and the guide will then lead the user to the
applicable graph. Detailed information on how to use
the guide is provided in the following section.
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What are the limitations of the guide?

The marginal costs presented in the guide have been
developed by modelling a road network intended

to represent the majority of scenarios likely to be
encountered in WA. There are many factors that can
influence the cost of road wear and the calculated
values are only an estimate. The local situation and
scenario may include factors that render the estimate
inaccurate. In such cases a first principles approach
may be necessary involving specialist assistance.

The guide may be unsuitable when:

- Theroad has been constructed to a level that
is markedly different to the road class design
assumptions employed (see Table C).

«  Theroadisin a very poor or failed condition and
requires an initial capital upgrade to support the
proposed traffic volumes.

- Sections of the road are subject to unusual
conditions, e.g. flooding or very weak subgrades.

« The scenario factors are well beyond those
presented in this guide, e.g. loading durations
which exceed 10 years, and more than 200,000
standard axle repetitions per year.

The limitations of the guide are:

« Associated infrastructure such as bridges,
culverts and guardrails are not included.

«  The calculations assume that the initial condition
is suitable to carry the proposed traffic. Initial
capital upgrades would be subject of a separate
calculation.

+  Where the scenario factors lie between or near
the given values the user should use the nearest
loading scenario and duration.

« The guideis only applicable to sealed local
roads comprising sprayed seal unbound granular
pavements. .

« The unit rates are current for 2024. Practitioners
will need to apply escalation factors in future
years and accounting for any variation to
these to ensure consistency with costs in local
government.

« The guide has been developed for the WA local
government road network and the catalogue of
solutions (and underlying assumptions) may not
be valid in other jurisdictions.

« Due to the large range of heavy vehicle
configurations, users may need to refer to the
Main Roads WA Vehicle Estimated Equivalent
Standard Axles (ESA) Tool at https:/ravrat.au/esa
to determine the correct vehicle parameters.

WALGA Road Wear Cost Calculator as an
alternative

A calculator has been developed in an Excel
spreadsheet that follows the process, described

in How to use this guide which can be used as an
alternative to the manual chart based method also
provided in this guide. Practitioners are able to
download the calculator here, and input the variables
associated with their loading scenario.

Instructions for accessing and using the calculator are
provided in Appendix D.


https://ravrat.au/esa
https://walga.asn.au/getmedia/3204d611-4498-4328-ad71-d4d6f602ecb7/WALGA_MC_Tool_2024-Data_v1-0_2025-05-19.zip
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How to use this guide

The guide is structured around a simple
stepped process. Figure 1 presents the eight
step procedure to be followed.

STEP 1: Determine the vehicle type
undertaking the freight task

STEP 2: Determine the annual
freight loading, distance and
duration of task

STEP 3: Select the cost zone

for the road network

STEP 4: Select the road category

STEP 5: Calculate the ESA/annum

STEP 6: Select the marginal
cost graph

STEP 7: Determine the marginal
cost of the additional task

STEP 8: Calculate a total
annual cost

Figure 1: Process for calculating the marginal cost

estimate and total annual cost

Details for completing each step are given below. This
is followed by a series of typical worked examples.
What information is required?

The user will need the following information:

1. The type of vehicles to be used for the task

2. The annual freight tonnage for the task

3. The duration of the task

4. The task routing and distance.

The following sections outline the sequential steps to
determine a marginal cost for a particular additional
loading task. Users are able to manually calculate
from the guide or use the WALGA Road Wear Cost
Calculator tool.

Setup as a downloadable spreadsheet, the WALGA
Road Wear Cost Calculator tool follows the steps in
the guide and is self-explanatory. The tool is available
for download here.

STEP 1: Determine the Vehicle Type
Undertaking the Task

The first step is to determine the type of vehicle or
vehicles that will be used to undertake the task. The
vehicle type will typically be supplied by the freight
generator. The vehicle type must then be matched to
a Main Roads WA heavy vehicle RAV category and
configuration. The RAV types are provided from Main
Roads WA in Appendix A.
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STEP 2: Determine the Annual Freight
Loading, Distance and Duration

To determine the annual freight loading, a good
appreciation of the total freight task needs to be
gained. This will usually involve discussions with the
freight generator to determine the duration of the
additional loading and the total loading to be applied.
Typically, such requests are well structured, with the
proponent possibly having a lease on a mine or similar
to extract a certain amount of product over a defined
period of time.

An example of a typical total load and duration is
shown below:

Iron ore extraction — 600,000 tonnes over 3 years.

In this case, the annual tonnage is determined by
dividing the total freight tonnage by the duration:

600,000/3 = 200,000 tonnes per year.

The distance is defined as the road distance to be
traversed by the loaded vehicles.

Cost Impact on Sealed Local Roads from Additional Freight Tasks

STEP 3: Select the Cost Zone

The appropriate cost zone must be selected from one
of the four cost zones shown in Figure 2.

Kimberley
Region

P

i

Pilbara

Gascoyne
Region

Mid West ~ ~
Region ()

-

Wheatbelt
North Region

Goldfields-Esperance
Region

Perth
1. METRO Metropolitan /J‘-——""—'\_:
Region Wheatbelt

South Region

South West T Great Southern
Region 3. SWI" Region

Figure 2: Western Australian cost zones

The cost zones were determined with reference to unit rates collected from a survey conducted by the Department of Local

Government in 2011 and 2024.


https://walga.asn.au/getmedia/3204d611-4498-4328-ad71-d4d6f602ecb7/WALGA_MC_Tool_2024-Data_v1-0_2025-05-19.zip
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STEP 4: Select the Road Category STEP 5: Calculate Equivalent Standard Axles Table 1: Examples of ESA for common RAV configurations
i i i Max.
The user must select the road category from the list In this step the user must detgrmme the Eg“'va"?”t Cat R el Maxipayloadifizch Y ESAat | ESAforRML | ESA for
below: Standard Axles (ESA) per vehicle and multiply this by : L AMMS 3 (t) half load | at max. load | AMMS 3
the annual number of vehicle movements to obtain
* accessroad the ESA per year in the loaded direction. Rigid truck, =12.5m
P~ 1A 11.6 127 0.51 1.27 5.04 5.30'
« local distributor The road wear caused by the movement of a quantity ;'E |:u»._.|
- regional distributor of freight will differ depending on the types of heavy ‘ .
vehicles that are used for the task. That is why the Prime mover and trailer, < 20.0 m
- district distributor. . . )
load equivalencies of all heavy vehicles need to be 2A 1 25.6 301 114 219 6.39 814
The road categories are based on the Main Roads WA expressed in a common measure that is related to the @:m aca
classification system. amount of road wear. B-Double < 275 m
Because of the variability in performance of these The road wear caused by the passage of a heavy 2C [ 1 | 39.6 476 117 2.49 774 10.73
four road categories, due in part to design factors vehicle is proportional to the number and type of '@—_m ono  ooo
and location, users need to determine the exact route axle groupings (e.g. single, double or tri-axle) and A-Double (prime mover, trailer, dog
associated with the additional freight task. Where the the load carried by each of the axle groups. The trailer), <275 m
route is well-defined and constrained to only one road allowable load on an axle group is strictly controlled 3A 501 591 1.4 2.89 9.80 13.35
. . . . . . [ 1 ]
category, the analysis produces one cost estimate in Western Australia and is termed the Regulation }E e
as demonstrated in Example Calculations, Worked Mass Limit (RML). Some vehicles may operate under
Example #1.1f the task traverses more than one road the Accredited Mass Management Scheme (AMMS) A-Double (prime mover, trailer, 6-axle
t th h ti f road tb d which allows for up to an additional 3.5 tonnes per Cleg ), S270 [ S8 S0
category then each section of road must be assesse . ‘ gp . o) ANGA 53.6 651 139 279 9.09 13.30
separately as demonstrated in Example Calculations, tri-axle combination and 1.0 tonne per tandem axle @_[ ] [ ]
Worked Example #2. combination. The damage caused to the pavement —00 000 000 000
Appendix C.3 provides details of the design traffic per payload torme‘wnl thergfore differ depend@g AB-Triple (prime mover, trailer,
. . on the type of vehicle that is used and the loading B-Double), < 36.5m 108.5 t
that was assigned to each of these categories for i ] ) i
scheme that is applied. For design and evaluation 7A 676 82.6 14 2.98 10.44 15.88
model development. Some roads may be constructed h hicle load ted t ﬁ ( 1 1( )
to levels that are markedly different to the road E;rAposes, all heavy vehicle foadings are converted to —00 00D 000 000 000
category design assumptions and users must adjust ’ A-Triple (prime mover, trailer, 2 dog
their choice accordingly. Table 1 gives the ESA per vehicle for different vehicle trailers), < 53.5 m
i i 10A 83.6 1021 1.44 3.27 179 18.45
In this step the user must determine the ESA per configurations and IoaQS. The values haYe beeh [ ] | ] | ]
extracted from the Main Roads WA Vehicle Estimated E!—m SO0 B0 BO0 DS 550

payload tonne from Figure 4 and then multiply by

Equivalent Standard Axles (ESA) Tool (https://ravrat.

the annual tonnage to determine the ESA per year. Source: Values extracted from Main Roads WA ‘Vehicle Estimated Equivalent Standard Axles (ESA) Tool’ at https://ravrat.au/esa

: . au/esa). Actual tare weights and loads vary across _ ' ) _ . ) o :
Alternatively the user can determine the ESA and Note: All values are estimates based on options chosen for each configuration. To identify the specific ESA for a vehicle
configuration, refer to the Vehicle Estimated Equivalent Standard Axles (ESA) Tool.

users may choose to use the closest vehicle and load TShowing AMMS level 2 values for category 1A vehicles.

payload per vehicle from Table 1 or Figure 3. Calculate vehicle configurations and loading schemes and

the number of vehicle movements required to move

the annual tonnage and multiply by the ESA per in Table 1for their calculations, or derive the ESA for

vehicle their vehicle by referencing the Main Roads WA tool.
' The ESA per vehicle is shown graphically in Figure 3
and ESA per payload tonne for a range of vehicles is

given in Figure 4.

For instance, a fully loaded RAV category 7A operating
at RML, has an ESA per vehicle of 10.44. A full list of
RAV descriptions is given in Appendix A.


https://ravrat.au/esa
https://ravrat.au/esa
https://ravrat.au/esa
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20 STEP 6: Select the Marginal Cost Graph The charts are structured in order of cost zone, then
Rigid truck RAV 1A by road category and finally by the modelled loading
18 There are 64 output charts representing four scenarios. Table 2 facilitates easy access to the
—g=—RAV 2A . . . . .
cost zones, four road categories and four loading generated charts with a series of links to each of the
16 =@=RAV 2C scenarios. Users must select the chart or charts that relevant figures. The user must select the loading
1 —g=—RAV 3A are relevant to the scenario that is being assessed. scenario that is closest to their actual scenario.
RAV 4A/6A o
E 12 —m RAV 7A Table 2: Table of marginal cost graphs
L
[
> —@=RAV 10A
= 10 From STEP 3 From STEP 4 From STEP 5 Reter to Chart
(o} i i erer 1o ar
< Cost Zone Road Class Loading Scenario
v 8 (ESA/year)
L
20,000 Figure B 11
6 60,000 Figure B 1.2
Access road
4 100,000 Figure B 1.3
200,000 Figure B 1.4
2 20,000 Figure B 21
0 60,000 Figure B 2.2
Local distributor
Empty Half load RML AMMS 3 100,000 Figure B 2.3
Load level 200,000 Figure B 2.4
1
Figure 3: ESA per vehicle for common RAV configurations 20,000 Figure B 31
Note: The AMMS has three levels. The displayed values are for Level 3. If the vehicle is operating at a lower level then select a ; o 60,000 Figure B 3.2
proportionate value between the RML value and the AMMS L3 value. Regional distributor 100,000 Figure B 3.3
The ESA per payload tonne is provided in Figure 4 for some common vehicle combinations. 200,000 Figure B 3.4
0.50 20,000 Figure B 41
60,000 Figure B 4.2
0.45 0.43 0.44 District distributor
" 100,000 Figure B 4.3
0.40 200,000 Figure B 4.4
20,000 Figure B 51
o 0.35
=S 60,000 Figure B 5.2
o] Access road
2 0.30 0.27 100,000 Figure B 5.3
3 025 023 023 200,000 Figure B 5.4
= O
® 0.20 0.20 0.20 20,000 Figure B 611
o 0.19 0.18
—~ 0.20 0.17 ' 60,000 Fi
< : o ! igure B 6.2
I 0.15 014 Local distributor
w 0.15 . 100,000 Figure B 6.3
200,000 Figure B 6.4
0.10 2
20,000 Figure B 71
0.05 60,000 Figure B 7.2
Regional distributor )
0.00 100,000 Figure B 7.3
Rigid truck RAV 2A RAV 2C RAV 3A RAV 4A/6A RAV 7A RAV 10A 200,000 Figure B74
20,000 Figure B 81
m Maximum load RML ® Maximum load AMMS 3
5 " . 60,000 Figure B 8.2
i . i i istrict distributor
Figure 4: ESA per payload tonne for common RAV configurations 100,000 Figure B 8.3
Note: The AMMS has three levels. The displayed values are for Level 3. If the vehicle is operating at a lower level then select a 200,000 S ElE

proportionate value between the RML value and the AMMS L3 value.
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From STEP 5 Cost Zone 4
From STEP 3 From STEP 4 . . . .
Cout Zome Road Clace Loading|Scenario Refer to Chart District Distributor
(ESAlyear) 200,000 ESA/year
20,000 Figure B 911 25
60,000 Figure B 9.2
Access road
100,000 Figure B9.3 194
200,000 Figure B9.4 ,g 20
20,000 Figure B 101 é
60,000 Figure B 10.2 2 15
Local distributor o
100,000 Figure B 10.3 by
0 1.5
200,000 Figure B 10.4 S
3 . © 10 8.1
20,000 Figure B 111 @ : el
O‘; .
60,000 Figure B 11.2 = 6.1
Regional distributor s -0
100,000 Figure B11.3 5
200,000 Figure B 11.4
20,000 Figure B 121
60,000 Figure B 12.2 0
District distributor 0] 1 2 3 4 5 6 7 8 9 10 1k
100,000 Figure B12.3
200,000 Figure B 12.4 Years
20,000 Figure B 131 Figure 5: Example chart of estimated marginal costs
60,000 Figure B 13.2
Access road 100,000 Figure B 133 Itis likely that the rquested additional loading For instance,'a calculateq value of 185,000 ESA(year
; calculated in Step 5 will not match one of the four would result in the selection of a loading scenario of
220000 AEuRIS e loading scenarios presented in this guide. The user 200,000 ESA/year from Table 1 as this is the closest
20,000 Figure B141 must select the loading scenario that is closest to matching available scenario.
60,000 Figure B 14.2 their calculated value.
Local distributor
100,000 Figure B14.3
/ 200,000 Figure B 14.4
20,000 Figure B 151
60,000 Figure B 15.2
Regional distributor
100,000 Figure B15.3
200,000 Figure B15.4
20,000 Figure B 1611
60,000 Figure B 16.2
District distributor
100,000 Figure B16.3
200,000 Figure B 16.4

Figure B 11to Figure B 16.4 are located in Appendix B. An example is presented in Figure 5.
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STEP 7: Determine the Annual Marginal Cost of the Additional Task

Using the chart selected in STEP 6, the marginal cost of the additional loading can be determined. An example
of how the chart is to be used is presented in Figure 6, which has been selected for a district distributor in cost
zone 4 with an additional loading of 200,000 ESA/year.

Cost Zone 4
District Distributor
200,000 ESA/year

25
19.4

. 20
E
=
<
[*p]
1 15
R
&7 1.5
o
(W)
. i) o
g’ 6.1 _.
=

5]

(0]

0] 1 2 3 4 5 6 7 8 9 10 1
Years

Figure 6: Marginal cost chart of a district distributor in cost zone 4 with an additional 200,000 ESA/year

To evaluate the marginal cost of a particular task, the duration of the task is required. For example in Figure 6, a
loading duration of 3 years has been selected, and therefore the annual marginal cost is 81 cents per ESA km/
year or represented in dollars as $0.081 per ESA.km/year.

STEP 8: Calculate the Annual Cost This can converted back to a cost per tonne as

) . follows:
The annual total cost is calculated using the annual

Cost per tonne = Annual Cost / (Annual Tonnage x
Distance)

marginal cost. The relevant equations are as follows:

Annual Cost = Annual Marginal Cost x ESA per year x
Distance Due to the inherent assumptions and margins
of error in the sources of data, the total annual

Annual Marginal Cost in cents/ ESA km is determined cost should be rounded to the nearest $1,000.

from Step 7
i The calculated costs are based on 2024 rates with
ESA per year is the actual ESA per year from Step 5. ) , .
forecasting for future years’ costs. If the evaluation
Distance is the road distance in kilometres is undertaken from 2025 onwards, the user will need
to consider applying indexation to update the base

rates.

14
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Example Calculations

Worked Example #1

A mining company is developing a mine site in the
Mid West and proposes to transport 2 million tonnes
of iron ore over a five year period along a local
government road to access the state road network.
They will be using a prime mover and semi-trailer
towing two six axle dog trailers with a concessional
loading permit at AMMS 3. The road is a local
distributor and is 64 km long.

Calculate the annual cost of road wear resulting from
this additional freight task.

Kimberley
Region

Pilbara
Region

Solution:

1.

Determine the vehicle type:

Go to Appendix A and select the applicable RAV
Configuration.

A prime mover and semi-trailer towing two six
axle dog trailers under AMMS 3 is a RAV 10A, with
maximum payload of 10211t (Table 1).

Determine the annual tonnage, distance and
duration:

The annual tonnage is 2 000,000 /5 = 400,000
tonnes per year.

The distance is 64 km.
The duration is 5 years.
Select the cost zone:

Go to Figure 2 and select cost zone 2.

Gascoyne
Region

r

Mid West

-t

Goldfields-Esperance
Region

Wheatbelt
North Region

South West 3. SWI* Great Southern

Region i
g L Region

/
-l
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4. Select the road class:

16

As stated , the task is to be undertaken on a local distributor.

Calculate the ESA per year:

The total ESA is 3,918 * 18.45 = 72,287 per year.

Select the marginal cost graph:

cost graph are available, including:

Access road

Local distributor

Regional distributor

District distributor

Carrying 400,000 tonnes per year will require 400,000 /1021 = 3,918 trips.

Using these values, Table 1 will lead you to the applicable marginal cost graph.

20,000
60,000
100,000
200,000
20,000
60,000
100,000
200,000
20,000
60,000
100,000
200,000
20,000
60,000
100,000

With reference to Table 1, a RAV category 10A at AMMS 3 has a payload of 1021t and ESA of 18.45 per vehicle.

Based on the calculated task of 72,287 ESA/year, the 60,000 ESA/year loading scenario is the closest
available value to be applied in this calculation. Therefore all of the required parameters to select a marginal

Cost zone = 2, road class = local distributor, applicable load = 60,000 ESA/year and specified period of
additional loading = 5 years

Figure B 51
Figure B5.2
Figure B5.3
Figure B 5.4

Figure B 61
Figure B 6.2
Figure B 6.3
Figure B 6.4

Figure B 71
Figure B 72
Figure B 7.3
Figure B 7.4

Figure B 81
Figure B 8.2
Figure B 8.3

With all of the required criteria determined, select the required marginal cost chart from Appendix B. For this
example, this is Figure B 6.2 and is shown in Step 7 below.
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7. Determine the marginal cost:

With the appropriate marginal cost graph selected in Step 6, read off the marginal cost for the task duration.

Cost Zone 2
Local Distributor
60,000 ESA/year

30
26.3
25
£
< 20
w
L
S
n 15
(&)
E
D 10
m
=
5
0
0 1 2 3 4 5 6 7 8 9 10 1

Years

Therefore, from the graph, the marginal cost is 17.9 cents per ESA.km/year or $0179 per ESA km/year.

8. Calculate annual cost:
The annual cost can now be calculated from all of the above information.

The total loading task is 72,287 ESA/ year being applied over 64 km, so the total annual cost can be
determined by multiplying these together:

Total Annual Cost = 0179 x 72,287 x 64 = $828120 per year, say $828,000.

Due to the inherent assumptions and margins of error in the sources of data, the total annual cost
should be rounded to the nearest $1,000 as shown.

The cost can be converted into cents per tonne.km:
Cost = $828,000 x 100 / (400,000 x 64) = 3.23 cents per tonne.km.

Note 1: This is the estimated cost for the first year of the operation. Increases in the annual charge should be
considered during discussions with the freight generator.

Note 2: The Road Wear Cost Calculator uses the ESA/tonne.km rates, which may lead to a small difference in
output values when compared with a manual calculation using the ESA per vehicle.
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Worked Example #2

A mining company has decided to open up a mine
site in the Kimberley region and wishes to transport
3.5 million tonnes of ore over a 5 year period along

a Local Government road to access the state road
network. Accessing the state road network consists
of travelling along a district distributor for 40 km and
a regional distributor for another 15 km. They are to
use a prime mover and semi-trailer towing a B-double
combination operating under the Accredited Mass
Management Scheme Level 3.

Calculate the annual cost of road wear resulting from
this additional freight task.

Pilbara
! Region

\_["‘"‘I_ P yH

s
Gascoyne '
Region },
|
J

'
Mid West  ~
Tt Region

o

Solution:
1. Determine the vehicle type:

Refer to Appendix A for an outline of all defined
vehicles in WA.

A prime mover and semi-trailer towing a B-double
under AMMS 3 is a RAV 7A with a maximum
payload of 82.6 t (Table 1).

2. Determine the annual tonnage, distance and
duration:

The annual tonnage is 3,500,000 /5 = 700,000
tonnes per year.

The distances are 40 km and 15 km.
The duration is 5 years.
3. Select the cost zone:

Go to Figure 2 and select cost zone 4.

Kimberley
Region

4. GAS/PB/KIM/GF

Goldfields-Esperance

Region

Wheatbelt
North Region

South West

Region
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Select the road class:

As outlined previously, both district distributor and regional distributor roads are selected.
Calculate the ESA per year:

With reference to Table 1, a RAV category 7A at AMMS 3 has a maximum payload of 82.6 t and ESA of 15.88
per vehicle.

Carrying 700,000 tonnes per year will require 700,000 / 82.6 = 8,475 trips.
The total ESA is 8,475 * 15.88 =134,583 per year.
Select the marginal cost graph:

Using the calculated task of 134,583 ESA/year, the 100,000 ESA/year loading scenario is the closest value
to be applied in this calculation. Therefore all of the required parameters to select a marginal cost graph are
available, including:

Cost zone = 4, road classes = district distributor and regional distributor, applicable load = 100,000 ESA/year
and specified period of additional loading = 5 years

Using these values, Table 1 will lead you to the applicable marginal cost graphs.

20,000 Figure B 131
60,000 Figure B 13.2
Access road
100,000 Figure B 133
200,000 Figure B 13.4
20,000 Figure B 141
60,000 Figure B 14.2
Local distributor
100,000 Figure B 14.3
4 200,000 Figure B 14.4
20,000 Figure B 151
60,000 Figure B 15.2
Regional distributor
100,000 Figure B 15.3
200,000 Figure B 15.4
20,000 Figure B 161
60,000 Figure B 16.2
District distributor
100,000 Figure B 16.3
200,000 Figure B 16.4

With all of the required criteria determined, select the required marginal cost chart from Appendix B. For this
example, this is Figure B 16.3 for the district distributor and Figure B 15.3 for the regional distributor, as shown
in Step 7 below respectively.
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7

Marginal Cost (c/ESA.km)

Marginal Cost (c/ESA.km)

20

Determine the marginal cost:

With the appropriate marginal cost graphs selected in Step 6, read off the marginal cost for the task duration.

Cost Zone 4
District Distributor
100,000 ESA/year

20

18 17.3

16

14

" 10.2

L 8.0

6.0

5N O o
~
o

2]

0 1 2 3 4 5 6 4 8 9 10 11

Years

Cost Zone 4
Regional Distributor
100,000 ESA/year

25
20.4
20

15

10

0] 1 2 3 4 5 6 7 8 9 10 1

Years

From the graphs, the marginal cost is 6.0 cents per ESA km/year for the district distributor and 5.8 cents per
ESA.km/year for the regional distributor.

User Guide: Estimating the Incremental Cost Impact on Sealed Local Roads from Additional Freight Tasks

8. Calculate annual cost:
The annual cost can now be calculated from all of the above information.

The total loading task of 134,583 ESA/year will be applied to the district distributor for 40 km and then to the
regional distributor for another 15 km, therefore the total annual cost can be determined as follows:

0.060 x 134,583 x 40 = $322,999 per year (for the district distributor)
0.058 x 134,583 x 15 = $117,087 per year (for the regional distributor)
The total annual cost is therefore $440,086 per year, say $440,000.

Due to the inherent assumptions and margins of error in the sources of data, the total annual cost
should be rounded to the nearest $1,000 as shown.

The cost can be converted into cents per tonne.km:
Cost = $322,999 x 100 / (700,000 x 40) = 115 cents per tonne.km (for the district distributor)
$117,087 x100 / (700,000 x 15) = 112 cents per tonne.km (for the regional distributor)

Note 1: These are the estimated costs for the first year of the operation. Increases in the annual charge should be
considered during discussions with the generator.

Note 2: The Road Wear Cost Calculator uses the ESA/tonne.km rates, which may lead to a small difference in
output values when compared with a manual calculation using the ESA per vehicle.
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Worked Example #3

A sand quarry in the Metropolitan area is applying to
transport an estimated 75,000 tonnes per year using
a prime mover and triple axle trailer operating under
the regulation mass limit (RML). The task route will
follow an access road for 1.3 km and then a regional
distributor for 2.5 km to access the state road
network. The quarry will operate for five years.

Calculate the annual cost of road wear resulting from
this additional freight task.
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- & Weaet \
South West 3. SW! Great Southern

Region i
g L Region

/
-l

22

Solution:
1. Determine the vehicle type:

A prime mover and semi-trailer within the RML is
a category 2A vehicle with a maximum payload of
25.6 t (Table 1). If not provided by the generator,
the loading values need to be identified by using
the Main Roads WA V\ehicle Estimated Equivalent
Standard Axles (ESA) Tool.

2. Determine the annual tonnage, distance and
duration:

The annual tonnage is 75,000 tonnes per year.
The distances are 1.3 km and 2.5 km.
The duration is 5 years.

3. Select the cost zone:

Go to Figure 2 and select cost zone 1.

Kimberley
Region

4. GAS/PB/KIM/GF

Goldfields-Esperance
Region
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Select the road class:

As given, both an access road and a regional distributor are to be used in the calculation.
Calculate the ESA per year:

From Figure 4, the ESA per payload tonne for a RAV 2A at RML is 0.25.

The ESA is therefore 0.25 x 75,000 = 18,750 per year

Alternatively using Table 1, the prime mover and trailer has a maximum payload of 25.6 t and ESA of 6.39 per
vehicle.

Carrying 75,000 tonnes per year will require 75,000 / 25.6 = 2,930 trips.
The total ESA is 2,930 x 6.39 =18,723 per year.
Select the marginal cost graph:

Based on the calculated task of 18,723 ESA/year, the 20,000 ESA/year loading scenario is the closest value
to be applied in this calculation. Therefore all of the required parameters to select a marginal cost graph are
available, including:

Cost zone =1, road classes = access road and regional distributor, applicable load = 20,000 ESA/year and
specified period of additional loading = 5 years

Using these values, Table 1 will lead you to the applicable marginal cost graphs.

20,000 Figure B 11
60,000 Figure B 1.2
Access road
100,000 Figure B1.3
200,000 Figure B 1.4
20,000 Figure B 21
60,000 Figure B 2.2
Local distributor
100,000 Figure B 2.3
] 200,000 Figure B 2.4
20,000 Figure B 31
60,000 Figure B 3.2
Regional distributor
100,000 Figure B 3.3
200,000 Figure B 3.4
20,000 Figure B 41
60,000 Figure B 4.2
District distributor
100,000 Figure B 4.3

With all of the required criteria determined, select the required graphs from Appendix B. For this example,
this is Figure B 11 for the access road and Figure B 31 for the regional distributor, as shown in Step 7 below
respectively.
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7. Determine the marginal cost:
With the appropriate marginal cost graphs selected in Step 6, read off the marginal cost for the task duration.
Cost Zone 1
Access Road
20,000 ESAl/year
90
78.9
80
o 70
=~
& 60 54.9 53.3
&
< 50
0
S 40
Z 312
=
o 30
© 32.0
= 20
10
0]
0 1 2 3 4 5 6 7 8 9 10 1
Years
Cost Zone 1
Regional Distributor
20,000 ESA/year
25
21.2
20
£
]
<
U
i 15
5
E’ 111
]
g 19 7.9
4y
[1¥]
S 54
5 3.8
—
0]
0 1 2 3 4 5 6 7 8 9 10 1
Years
From the graphs, the marginal cost is 53.3 cents per ESA km/year for the access road and 5.4 cents per ESA.
km/year for the regional distributor.
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8. Calculate annual cost:

The annual cost can now be calculated from all of the above information.

The total loading task is 18,723 ESA/year being applied to the access road for 1.3 km and then to the regional
distributor for 2.5 km, so the annual cost can be determined as follows:

0.533x 18,723 x 1.3 = $12,973 per year (for the access road)
0.054 x 18,723 x 2.5 = $2,528 per year (for the regional distributor)
The total annual cost is therefore $15,501 per year, say $16,000.

Due to the inherent assumptions and margins of error in the sources of data, the total annual cost
should be rounded to the nearest $1,000 as shown.

The cost can be converted into cents per tonne.km:

Cost per tonne = $12,973 x 100/ (75,000 x 1.3)
=13.3 cents per tonne.km (for the access road)

$2,528 x 100 / (75,000 x 2.5) = 1.3 cents per tonne.km (for the regional distributor)

Note: These are the estimated costs for the first year of the operation. Increases in the annual charge should be
considered during discussions with the generator.
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Worked Example #4

A new mining company has decided to open up a
mine site in the Gascoyne region. In this case however
they are constrained by the number of vehicles

they have at their disposal and have calculated that
within a year they can deliver 10,000 trips to the site
while using only prime movers with a semi-trailer
towing two six axle dog trailers. The company is
operating their vehicles under the Accredited Mass
Management Scheme Level 3. The life of the mine is
forecast as 6 years. The company would like access to
a 30 km long regional distributor that is managed by
the Local Government.

Calculate the annual cost of road wear resulting from
this additional freight task.

Pilbara
Region

Gascoyne
Region

r 4
a Mid West -~
Jh r

Tt Region

Solution:
1. Determine the vehicle type:

Refer to Appendix A for an outline of all defined
vehicles in WA.

A prime mover and semi-trailer towing two six axle
dog trailers under AMMS 3 is a RAV category 10A
with maximum payload of 10211t (Table 1).

2. Determine the annual tonnage, distance and
duration:

As outlined above, the annual freight loading is
unknown but the number of trips with a RAV 10A
is estimated to be 10,000 per year.

The distance is 30km.
The duration is 6 years.
3. Select the cost zone:

Go to Figure 2 and select cost zone 4.

Kimberley
Region

Goldfields-Esperance

Region

Wheatbelt
North Region

South West

Region
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Select the road class:

As outlined previously, the task is to operate on a regional distributor.

Calculate the ESA per year:

Referring to Table 1, an A-Triple (prime mover, semi trailer and 2 dog trailers) under AMMS level 3 has an ESA

per vehicle of 18.45.
The total ESA per year is therefore 18.45 x 10,000 trips = 184,500 ESA/year

Select the marginal cost graph:

Based on the calculated task of 184,500 ESA/year as outlined Step 5, the 200,000 ESA/year loading scenario
is the closest value to be applied in this calculation. Therefore all of the required parameters to select a

marginal cost graph are available, including:

Cost zone = 4, road class = regional distributor, applicable load = 200,000 ESA/year and specified period of

additional loading = 6 years.

Using these values, Table 1 will lead you to the applicable marginal cost graph as follows:

20,000
60,000
100,000
200,000
20,000
60,000
100,000
200,000
20,000
60,000
100,000
200,000
20,000
60,000

Access road

Local distributor

Regional distributor

With all of the required criteria determined, select Figure B 15.4 from Appendix B.

Figure B 131
Figure B 13.2
Figure B 133
Figure B 13.4
Figure B 141
Figure B 14.2
Figure B 14.3
Figure B 14.4
Figure B 151
Figure B 15.2
Figure B 15.3
Figure B 15.4
Figure B 161
Figure B 16.2
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7. Determine the marginal cost:

With the appropriate marginal cost graph selected in Step 6, read off the marginal cost for the task duration.

Cost Zone 4
Regional Distributor
200,000 ESA/year

30
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0 1 2 3 4 5 6 7 8 9 10 11
Years

Interpolating from the graph, the annual marginal cost is 10.0 cents per ESA km (10.8-(10.8-6.7)/5).

8

. Calculate annual cost:
The annual cost can now be calculated from all of the above information.

The total loading task was 184,500 ESA/year being applied over 30 km, so the total marginal cost can be
determined by multiplying these together:

01x 184,500 x 30 = $553,500 per year, say $554,000.

Due to the inherent assumptions and margins of error in the sources of data, the total annual cost
should be rounded to the nearest $1,000 as shown.

With the total marginal cost determined, the cost per trip can be calculated:

Cost per trip = $554,000 / 10,000 = $55.40 per trip

Note: These are the estimated costs for one year of operation. Increases in the cost per trip charge should be
considered during discussions with the generator for each year of operation.
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Appendix A

Restricted Access Vehicle Classes and Configurations in WA

Heavy Vehicle Services
May 2022

Accredited Mass Management Scheme (AMMS)
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Sa

Tandem Drive Prime Mover, Trailer Combinations

Restricted Access Vehicle (RAV) Categories

Max. Mass &
Ca:z:;\::ry RAV Description Ll::;t'h Approved Network
Level1 | Level2 | Level3
1A — Prime Mover & Semi Trailer &0t
Categmy 1 ;1"] @gnlu_ir_lr_o_;u_l_s 19m
e N1.1 - -
2A 20m 505t 51.5t 53t
2A — Prime Mover & Semi Trailer 2B - Prime Mover, Semi Trailer & Pig Trailer or Dolly 2C - B-double
Category 2 r.] I @ maingoady I % malprogds = ‘1 ‘% ma ut.c: %ul_-._\iruu'uxl‘- I 2B ikl a8t o T8
—~ m—“ 2C 27.5m T2t T4t 765t
All - N2.1 N2.2 N2.3
3A - A-double
. ; : - ; 89t 91t 94t
Category 3 'ﬂ’:mql,nn_ml(_!\ %13».::nr:_.;‘_-ll~. 27.5m
N3.1 N3.2 N3.3
4A -~ A-double
_ A . 9351 96.5 100t
Catagory 4 F‘1 a;;tuiul s %Irnmlnlq_;u_if 27.5m
5A 275m+ T2t+ T4t + 7651+
) Dolly Dolly Dolly Dolly
5A - B-Double towing a Dolly 5B - A-Double 5C - A-Double towing a Dolly 50 - B-Triple
Category 5 F“‘ g .%[n_:ll_}_r_llr_{_r_;lgjﬁ 1 %I_‘I'J_;lll’l:l rekiy [ F!‘l___ i %H}_:ai_n!'n:l_ni_\ i %[1_1_:_1_1I|1_l:_=.£gli_.-i I e .%tn;l_i‘[z_rlu:.;\_- j%!‘.""..’.":'”"."lﬁ. ":_.1 ’_?n__::il_-;ufz_g.@_lllt %!“-ll'!]i(_ll:'nl.l\' i al'ﬂ.ﬂl,!lr_nl\uja 2Bel ;’25:1‘ :ogt: 9?‘1:-’ ::t:-
o=t 0T o U0 Wo=gs —oge —ve WO | ¢ | "L | Doy | Doy | boly
All - N5.1 N5.2 N5.3
6A - A-double 68 - B-Triple 6C ~ A-Double towing a Dolly 6A /6B 36.5m 935t 96.5t 100t
% [ £ maingouds ] | o mainroads i i |_n_:l__|_n|'r_\;1d:;. .ﬂ.m:_u,(_m\;_-.}ds. A sinroads - A il I). (titroads 275 m+ 93.5t+ 96.5t+ 100t +
Category 6 g1 _ llraritpiime: LAl : Fﬂ_ z a1t X 0 &"1 Y& 3 sC Dolly Dolly Dolly Dolly
Al - N6.1 NE.2 N6.3
7A - AB-Triple 7B - BA-Triple — —s ——
Category 7 .%Inl_.l_ilnfﬂ_llt_!ﬁ. %_III_'.}I]II'I_!I{I!I'JIJS . %[1:.’1&_}1:::2}]} | D1_ %_l_l'l\lixl'_t:.'_iaqu‘jls.l i %‘Il':lll'i_l_llu;l_th : : %I'T‘l-'.'."”:’.ﬁl."- 36.5m )
N7.1 7.2 N7.3
Category 8 There are no Ca ry B RS for AM
9A - A-Triple 9B - A-Double towing a Dolly oC - AB-Triple 9A 53.5m 12751 1305 1351
1 | @A malnroads | [ A mainroads | i %umlnm.lds i | #A mainroads i I A misinroads i ﬁm:unm:a__ds' #A mainroads 0 A mainroads i
5| el Ll fplia Sl bl Ly el B Lot e ekl it LEIEL r ALl - 36.5m + 89t + 91t+ 94t+
Daolly Daolly Dolly Dolly
Calegory 9 9D - BA-Triple - - o
. ; s : E 9Cc /9D 45m 115¢ 119t 123.51
p-'l | % mainrodds % matnmsids %mz_{i_r_i rals
By ' Al . NO.1 9.2 N9.3
10A - A-Triple 10B — A-Double towing a Dolly 10C - Double B-Double 10A 7 10C
. gl‘-‘ﬁ}!_ﬂ]‘l};"};\_ ‘ I %'.‘.‘:.'.i_'.'.‘.‘.'.‘Ef.j" [ I %":‘."‘.'."" touds I F..l . %'.U.'Tl.i.“f.'.“.“..!:‘ . [ %.’ "‘-’h“t-". - .-Pmamm-.lds. I Qm;lmnuds | L& mainroads) | ‘pm:unnmds I £100 sem et et il
Ly | T AR A [ VT T AR 38.5m + 9351+ 965t + 100t +
y L Dolly Dolly Dolly Dolly
Catagory 10 10D - ABB-Quad 10E - AAB-Quad
= 1 s e . = : . . . : - . 10E 53.5m 158 ¢ 164 t 170.5¢
% milinrogds a mainroads e mainroads: aln_:li,u[L-l:”_i_.\ e; matircads ¢ a mtinrids % miainoads % mainroads B
i = ; All - N10.1 N10.2 N10.3

Source: Reprinted with permission from Main Roads WA Accredited Mass Management Scheme Tandem Drive

Prime Mover; Trailer Combinations (2022).
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Appendix A

Restricted Access Vehicle Classes and Configurations in WA

Heavy Vehicle Services Accredited Mass Management Scheme (AMMS)
May 2022

Tandem Drive Truck, Trailer Combinations

Restricted Access Vehicle (RAV) Categories

Max. Mass &
RAV e Max.
RAV Description Approved Network
Category Length
Level 1 Level 2 Level 3
1A - Rigid Truck 1B - Rigid Truck towing a Pig Trailer or Dolly 1A 12.5m 29t 29t -
Category 1 o ,ﬂ%mi‘u‘cm&‘d% f,}m%%;i,'ﬂli‘?.%@ﬁ 1B 20m 47t 47t -
All - N1.1 N1.1 -
ZA 125 m - - 295t
2A - Rigid Truck 2B - Rigid Truck towing a 4 or 5 Axle Dog Trailer 2C - Rigid Truck towing a 8 Axle Dog Trailer
1 2B 25m 675t 685t 705t
Category 2 [ F%ﬂl?‘.@!‘-’&ﬁ?ﬁ | @oinroads| | @matoroads
BN ) 2C 25 m 72t 74t 765t
All - N2.1 N2.2 N2.3
Category 3 Refer to AMMS Tandem Drive Prime Mover, Trailer Combinations
Category 4 Refer to AMMS Tandem Drive Prime Mover, Trailer Combinations
Category 5 Refer to AMMS Tandem Drive Prime Mover, Trailer Combinations
Category 6 Refer to AMMS Tandem Drive Prime Mover, Trailer Combinations
7A - Rigid Truck Towing two Dog Trailers
115t 119 t 1235t
Category 7 36.5m
N7.1 N7.2 N7.3
Category 8 There are no Category 8 RAVs for AMMS
Category 9 Refer to AMMS Tandem Drive Prime Mover, Trailer Combinations
Category 10 Refer to AMMS Tandem Drive Prime Mover, Trailer Combinations

Source: Reprinted with permission from Main Roads WA Accredited Mass Management Scheme Tandem Drive
Prime Mover, Trailer Combinations (2022).
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Appendix B
Marginal Cost Charts

B Cost Zone 1

B2 Cost Zone 1 - Access roads
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Access Road
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Figure B 11: Marginal cost chart for cost zone 1 access roads with 20,000 ESA/year loading
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Figure B 1.2: Marginal cost chart for cost zone 1 access roads with 60,000 ESA/year loading
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Appendix B
Marginal Cost Charts
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Figure B 1.3: Marginal cost chart for cost zone 1 access roads with 100,000 ESA/year loading
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Figure B 1.4: Marginal cost chart for cost zone 1access roads with 200,000 ESA/year loading
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Appendix B Appendix B
Marginal Cost Charts Marginal Cost Charts

B1.2 CostZone 1- Local distributor

Cost Zone 1 Cost Zone 1
Local Distributor Local Distributor
20,000 ESA/year 100,000 ESA/year
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Figure B 2.1: Marginal cost chart for cost zone 1local distributor roads with 20,000 ESA/year loading Figure B 2.3: Marginal cost chart for cost zone 1local distributor roads with 100,000 ESA/year loading
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Figure B 2.2: Marginal cost chart for cost zone 1local distributor roads with 60,000 ESA/year loading Figure B 2.4: Marginal cost chart for cost zone 1local distributor roads with 200,000 ESA/year loading
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Figure B 31: Marginal cost chart for cost zone 1regional distributor roads with 20,000 ESA/year loading
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Figure B 3.2: Marginal cost chart for cost zone 1regional distributor roads with 60,000 ESA/year loading
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Figure B 41: Marginal cost chart for cost zone 1 district distributor roads with 20,000 ESA/year loading Figure B 4.3: Marginal cost chart for cost zone 1 district distributor roads with 100,000 ESA/year loading
Cost Zone 1 Cost Zone 1
District Distributor District Distributor
60,000 ESA/year 200,000 ESA/year
30 27.8 30
242
25 25
£ £
< 20 < 20
3 g
u S
% 15 il 9 15 13.8
o} o}
] (15!
= 10.2 5
g . £ o
o 10 7.6 o 10 7.1 7.3
m O
= 52 = &
5 —— 5
0 0
0 1 2 2 4 5 6 7 8 9 10 1 0] 1 2 3 4 5 6 7 8 9 10 i
Years Years
Figure B 4.2: Marginal cost chart for cost zone 1 district distributor roads with 60,000 ESA/year loading Figure B 4.4: Marginal cost chart for cost zone 1district distributor roads with 200,000 ESA/year loading
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Figure B 51: Marginal cost chart for cost zone 2 access roads with 20,000 ESA/year loading
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Figure B 5.2: Marginal cost chart for cost zone 2 access roads with 60,000 ESA/year loading
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Figure B 5.3: Marginal cost chart for cost zone 2 access roads with 100,000 ESA/year loading
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Figure B 6.1: Marginal cost chart for cost zone 2 local distributor roads with 20,000 ESA/year loading Figure B 6.3: Marginal cost chart for cost zone 2 local distributor roads with 100,000 ESA/year loading
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Figure B 6.2: Marginal cost chart for cost zone 2 local distributor roads with 60,000 ESA/year loading
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Figure B 71: Marginal cost chart for cost zone 2 regional distributor roads with 20,000 ESA/year loading
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Figure B 7.2: Marginal cost chart for cost zone 2 regional distributor roads with 60,000 ESA/year loading

48

T

T

User Guide: Estimating the Incremental Cost Impact on Sealed Local Roads from Additional Freight Tasks

Appendix B
Marginal Cost Charts

Cost Zone 2
Regional Distributor
100,000 ESA/year

25

227
. 20
E
x
<L
7]
w95
&
e 12.2
w
o
65
= 10 85
£
& 6.0 6.6
g —
5
6]
0 1 2 3 4 5 6 7 8 9 10
Years

Figure B 7.3: Marginal cost chart for cost zone 2 regional distributor roads with 100,000 ESA/year loading
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Figure B 7.4: Marginal cost chart for cost zone 2 regional distributor roads with 200,000 ESA/year loading
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Figure B 81: Marginal cost chart for cost zone 2 district distributor roads with 20,000 ESA/year loading Figure B 8.3: Marginal cost chart for cost zone 2 district distributor roads with 100,000 ESA/year loading
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Figure B 8.2: Marginal cost chart for cost zone 2 district distributor roads with 60,000 ESA/year loading Figure B 8.4: Marginal cost chart for cost zone 2 district distributor roads with 200,000 ESA/year loading
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B.31 Cost Zone 3 — Access roads
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Figure B 9.1: Marginal cost chart for cost zone 3 access roads with 20,000 ESA/year loading Figure B 9.3: Marginal cost chart for cost zone 3 access roads with 100,000 ESA/year loading
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Figure B 9.2: Marginal cost chart for cost zone 3 access roads with 60,000 ESA/year loading Figure B 9.4: Marginal cost chart for cost zone 3 access roads with 200,000 ESA/year loading
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Figure B 10.1: Marginal cost chart for cost zone 3 local distributor roads with 20,000 ESA/year loading Figure B 10.3: Marginal cost chart for cost zone 3 local distributor roads with 100,000 ESA/year loading
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Figure B 10.2: Marginal cost chart for cost zone 3 local distributor roads with 60,000 ESA/year loading Figure B 10.4: Marginal cost chart for cost zone 3 local distributor roads with 200,000 ESA/year loading
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Figure B 11.1: Marginal cost chart for cost zone 3 regional distributor roads with 20,000 ESA/year loading
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Figure B 11.2: Marginal cost chart for cost zone 3 regional distributor roads with 60,000 ESA/year loading

56

1

1

User Guide: Estimating the Incremental Cost Impact on Sealed Local Roads from Additional Freight Tasks

Appendix B
Marginal Cost Charts

Cost Zone 3
Regional Distributor
100,000 ESA/year

25 235
__ 20
£
X
<
)
S 5
&, 12.7
b7
S
= 10 8.8
c
b=y 6.3 7.0
© =
=

5

0

0 1 2 3 4 5 6 7 8 9 10
Years

Figure B 11.3: Marginal cost chart for cost zone 3 regional distributor roads with 100,000 ESA/year loading
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Figure B 11.4: Marginal cost chart for cost zone 3 regional distributor roads with 200,000 ESA/year loading
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Figure B 12.1: Marginal cost chart for cost zone 3 district distributor roads with 20,000 ESA/year loading Figure B 12.3: Marginal cost chart for cost zone 3 district distributor roads with 100,000 ESA/year loading
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Figure B 12.2: Marginal cost chart for cost zone 3 district distributor roads with 60,000 ESA/year loading Figure B 12.4: Marginal cost chart for cost zone 3 district distributor roads with 200,000 ESA/year loading
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Figure B 13.1: Marginal cost chart for cost zone 4 access roads with 20,000 ESA/year loading Figure B 13.3: Marginal cost chart for cost zone 4 access roads with 100,000 ESA/year loading
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Figure B 13.2: Marginal cost chart for cost zone 4 access roads with 60,000 ESA/year loading Figure B 13.4: Marginal cost chart for cost zone 4 access roads with 200,000 ESA/year loading
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Figure B 141: Marginal cost chart for cost zone 4 local distributor roads with 20,000 ESA/year loading
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Figure B 14.2: Marginal cost chart for cost zone 4 local distributor roads with 60,000 ESA/year loading
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Figure B 14.3: Marginal cost chart for cost zone 4 local distributor roads with 100,000 ESA/year loading
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Figure B 14.4: Marginal cost chart for cost zone 4 local distributor roads with 200,000 ESA/year loading
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Figure B 15.1: Marginal cost chart for cost zone 4 regional distributor roads with 20,000 ESA/year loading
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Figure B 15.2: Marginal cost chart for cost zone 4 regional distributor roads with 60,000 ESA/year loading
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Figure B 15.4: Marginal cost chart for cost zone 4 regional distributor roads with 200,000 ESA/year loading
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Figure B 16.1: Marginal cost chart for cost zone 4 district distributor roads with 20,000 ESA/year loading Figure B 16.3: Marginal cost chart for cost zone 4 district distributor roads with 100,000 ESA/year loading
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Figure B 16.2: Marginal cost chart for cost zone 4 district distributor roads with 60,000 ESA/year loading Figure B 16.4: Marginal cost chart for cost zone 4 district distributor roads with 200,000 ESA/year loading
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Technical Background and Explanations

This appendix outlines some of the more relevant technical background that is associated with the development
of the content presented in this user guide.

Ci1 What is an ESA?

An Equivalent Standard Axle (ESA) is a measure which standardises the damage done to a road pavement by an
axle group of a heavy vehicle.

For simplicity, design traffic loading is often described as the number of Standard Axle Repetitions (SAR) that a
pavement structure will carry. To calculate the design SAR for a pavement, the damage associated with each axle
group of each vehicle configuration is estimated in terms of Standard Axle Repetitions.

A standard axle is a single axle with dual tyres (referred to as SADT) applying an axle load of 80 kN
(approximately 816 tonne) to the pavement. The number of SARs that an axle group with a certain load applies
to a pavement can be determined using Equation 1

L m
SARm;; = | =2 ]
ij — | cr
SL;
where
SARm, = number of Standard Axle Repetitions (or passages of the Standard Axle) which causes the same
amount of damage as a single passage of axle group type , with load LU., where the load damage
exponentis m
SL, = Standard Load for axle group type
j = jth load magnitude on the axle group type
m = load damage exponent for the damage type.

The SAR calculated with a load damage exponent of 4 is commonly referred to as an ESA and is applied to
granular pavements with a thin bituminous surfacing designed using an empirical methodology, which forms the
basis for the examples in this guide. Throughout this guide ESA are used, but if the type of pavements differs
from that used in this guide the SAR should be determined using an alternative load exponent of 5 for asphalt
surfaced pavements and 12 for cement stabilised pavements. It is evident therefore that, axle mass applications
in excess of standard axle masses have an exponentially increasing effect on pavement wear.

For different axle configurations, the Austroads Guide to Pavement Technology Part 2: Pavement Structural
Design shows how to convert the different loadings into a unit that is equivalent across all axle groups.

C.2 What is a Marginal Cost?

Marginal costs are associated with the difference in expenditure required to maintain a pavement under different
loading. The base traffic represents a traffic volume that would consume the structural capacity of the selected
pavement structures over a 50 year period, i.e. the pavement’s service life. A road may be subjected to a defined
period of additional loading (see Figure C1.). This user guide has been developed by modelling the effect of four
typical additional loading scenarios.

The effects of this additional loading on costs to the agency to meet and deliver the same levels of services as
determined for the base traffic are estimated by modelling the structural performance of the road over time. The
costs included provision for routine maintenance, resurfacing, and pavement rehabilitation and reconstruction
activities to be undertaken by the road agency to deliver these levels of service.
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Figure C: Traffic load versus time showing a typical additional load for a set duration

The marginal cost of road wear in this context, is defined as the difference in cost of maintaining a road in a
serviceable condition, between an increased load of traffic and a base traffic load.

C3 Road Category Definitions

The road categories applied in this analysis have been nominally designed to accommodate a range of traffic
loadings relative to their different service levels. Therefore, the higher order roads should be capable of
accommodating larger cumulative loading than the lower order road types. Table C1 shows the different design
traffic ranges anticipated on these road categories and the mid-point cumulative design ESA for each of the
road types that were selected for inclusion in the analyses.

Table C1: Design ESA and adopted mid-point ESA

Design traffic Adopted design traffic
Road Category
(ESA x 10°) (ESA x 10°)
Access road <0.08 0.04
Local distributor 0.08-0.4 0.2
Regional distributor 0.4-20 12
District distributor 20-6.0 4.0

In some cases, a road may have been designed and constructed to a level that is different to the adopted design
traffic and the user should then adjust the selected category accordingly.
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D1 Accessing the Calculator

To effectively use the newly released WALGA Marginal Cost Calculator v1.0, users are recommended to
download a copy here.

This file should be saved to a known location, users should check the link to ensure it is the current version of
the tool.

D.2 Enabling the Macros

The WALGA MC Calculator consists of some Visual Basic Applications (VBA) code to enable the various
functionality and features that are contained within the tool. These need to be enabled on the computer for the
tool to work correctly.

If the MC Calculator has been sourced from an email or as a download from the WALGA website, based on
general IT protocols to protect users, files with Macros may be automatically blocked to prevent malicious
software from operating.

When a file sourced from the internet is opened, such as from an email attachment, and that file contains
macros, the following message is generally displayed:

L,‘ SECURITY RISK Microsoft has blecked macres from munning becayse the seurce of this fike is yntrusted. Learn More o

The ‘Learn More’ button will open an article that explains the security risk of enabling Macros, safe practices
to prevent any malicious activity and instructions on how to enable these Macros (if it is needed). The article is
available through this link:

https://support.microsoft.com/en-us/topic/a-potentially-dangerous-macro-has-been-blocked-0952faa0-37e7-
4316-b61d-5b5ed6024216

D.3 Unblocking the File

For files that are blocked, the most common way to unblock the file is by modifying the properties of the file as
follows:

1. Open Windows File Explorer and go to the folder where the file is saved.

2. Right-click the file and choose 'Properties’ from the context menu.
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|83 waLGA MC_Too! 2024-Data v1.0_2025-" 7

Open

New

Print

Add to Favorites

Scan selected items for vinuses
Shred using AVG

OUpen with...

&

Give access to ¥
Copy as path
Share

[

Restore previous versions
Send to ¥

Cut
Copy

Create cshortout
Delete
Rename

Fr&p-:ﬂitt?

3. At the bottom of the ‘General’ tab, select the ‘Unblock’ checkbox and select ‘OK’.
0. WALGA_MC_Tool_2024-Data_v1.0_2025-02-17 Properti.. X

Gereral Secudty Detads  Previous Versions

| WALGA_MC._ Tocl_2024-Data_v1.0_202502-17

Type of fie Mecrosoft Excel Macm-Enabled Wadkshest | xdsm)

Openswith: (] Excel Change
Locaton
Size: 1.59 MB (1,672,538 bytes)

Size oncisk:  1.55 MB (1.675.254 byles)

Created Tuesday, 18 February 2025, 122103 PM
Modified Tuesday. 18 February 2025, 1221:03 PM
Accessed Today, 18 Febnuary 2025, 122103 PM

Betribades [ Read-only [ Hiddan Adhvanced
Securty This fie came from ancther -
computer and might b blocked o — Unblock
help protect this computer
[ Ok | Concal

Once the file is unblocked, it will then become a trusted source, and users of the file will not be required to
complete this step again.
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D.4 Opening the Tool
With an unblocked file, opening the MC Calculator is like opening any standard Excel file.

If the following message appears below the Excel ribbon, select ‘Enable Editing’.

(1} PROTECTED VIEW

Enabls Ed:!ing

Once the file is opened in Excel, users will be presented with the WALGA Road Wear Cost Calculator disclaimer
as shown.

Disclairmer >

IMTELLECTUAL PROPERTY

The WALGA Road Wear Cost Calculator {the Calculator) and all assodated
intellectual property, induding but not limited to the underlying methodology,
data, and outputs, are owned by the Western Australian Local Government
Assocation (WALGA) (the Owner],

LIMITATIONS

Practitioners need to be aware that the marginal costs presented in the guide

have been developed by modelling a synthetic road netwaork designed to

represent the majority of scenarios likely to be encountered in Western Australia.
There are several variables that will influence the cost of road wear and the
calculated values are only an estimate of the actual cost. Users need to be

aware that their scenario may include factors that render the estimate

inaccurate. Some of the limitations are listed below:

1, The marginal costs are based on a synthetic network and the user should

select the scenario that best fits their drocumstances, There may be aspects ata -

Toaol Version Mumber: 1.0
Tool Version Date: 28/03/2025 I Decline I Accept

To gain access to the tool, users will need to accept the disclaimer.

Declining the disclaimer will automatically close the Excel application and it will need to be restarted/re-launched
to progress to undertake an analysis.

Once accepted, users will be prompted with a ‘User Access’ interface as shown.

Iser fccess

General User
Administrator
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Select "General User” from the Access Level drop down menu.

Note that a password is not required to gain access to the tool as as general user.

ser fccess

I Cancel I Ok

Once 'General User' is selected, press ‘OK’ to continue to launch the application.

If ‘Cancel’ is pressed at this point, users will not be authenticated, and the workbook will close automatically.

To ensure that users can undertake their desired analysis, each time the application is opened, users are
prompted to select the type of analysis they are undertaking i.e., either for a sealed road or for an unsealed road
analysis as shown.

WALGA Marginal Cost Calculator oo

Welcome to the WALGA Road
Wear Cost Calculator

Please select road surface type

Sealed

Unsealed

Once the analysis type is selected, the tool will display the appropriate menu to guide the user through the
analysis as shown.
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Sealed Roads Unsealed Roads

Main Menu g Main Menu g

Sealed Road Cost Unsealed Road Cost
Calculator Calculator

Vehicle Selection Vehicle Selection

Cost Zone Cost Zone

Loading Scheme Loading Scheme

Input Data Gravel Compliance

Input Data

Return to Road Surface
Selection

Return to Road Surface

I EXIT Selection
| EXIT

D.5 Running an Analysis

The WALGA MC Calculator has been developed to digitise the hardcopy form of the updated user guides for
both sealed roads and unsealed roads, being Estimating the Incremental Cost Impact on Sealed Local Roads
from Additional Freight Tasks and Estimating the Incremental Cost Impact on Unsealed Local Roads from
Additional Freight Tasks.

The simple user menu created in the tool facilitates logical data entry and user selections that are aligned with
the manual processes defined in the relevant User Guide. Navigation through the various menu and data entry
forms is facilitated through the easy click buttons provided at the bottom of the form.
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Freight Input Data - Sealed Roads x

Freight Input Data Parameters
Please enter the loading or fip data, distance and duration cost Zone: | L

ef: Lo
Assessment Ref: [ EREEREECTI L0 cohome: Taile

Laading - Enter total tonnage per vehicle and road by pe

Cost Zones
Please select your cost zone

Zone 2 - GSAWB/MW -

Duration
Road Calegory RAY NB) Distance [km) [Fears)

e ¢ | ¢ 7 7 | /§= _J:°
egonat oisvioutor | I I N D D D BN
S ¢ ¢ ¢ ' ' ' |

| =« Loading Paramelers | LLARN MEMLU I Resel inpuls Save Moles | Results ==

Mid Weest
Region  ° 5. Always check the currency of the version and release date to ensure that the most up to date tool is being

applied (visible on the Disclaimer and the Welcome page).

Wheatbelt Mic—l=
North Region LYMNECIE

South Region
‘!!_J“"_.""L_I-
Great 5
': Region

L '3
R

INTELLECTUAL PROPERTY

The WALGA Road Wear Cost Calculator (the Calculator]) and all assodated
intellectual property, induding but not limited to the underlying methodology,
data, and outputs, are owned by the Western Australian Local Government
Assodation (WALGA) (the Owner).

LIMITATIOMNS
Practitioners need to be aware that the marginal costs presented in the guide

have been developed by modelling a synthetic road network designed to

Users of the WALGA MC Calculator are recommended to familiarise themselves with the appropriate User Guide represent the majority of scenarios likely to be encountered in Western Australia.

to confirm data entry and user selection requirements to generate an analysis outcome. There are several variables that il influence the cost of road wear and the
calculated values are only an estimate of the actual cost. Users need to be

aware that their scenario may indude factors that render the estimate

inaccurate. Some of the limitations are listed below:

1. The marginal costs are based on a synthetic network and the user should

select the scenario that best fits their drocumstances, There may be aspects ata -

D.6 General Guidance for File Management

The WALGA MC calculator is a standalone Excel Application and so it is recommended that users apply the
following good practices in terms of both file management and naming convention, to ensure that multiple
analyses undertaken are organised and managed adequately: Tool Version Number: 1.0

1. Always keep a blank tool as a backup. Tool Version Date: 28/03/2025

Adopt clear file naming conventions to differentiate between files/analyses.

2
3. Always use the blank tool to create a new analysis.
4

Ensure to always document the substance of the analysis undertaken in the ‘Comments’ section provided in
the Input Data form of the analysis setup for either sealed or unsealed analyses.
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WALGA Road Wear Cost Calculator

Version 1.0
Release 19/05/2025
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