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SUMMARY

The project set out to maximise the use of the pavement strength data
collected with the Traffic Speed Deflectometer (TSD) in 2016 over
approximately 900 km of the MRWA sub-network, the TSD 900. The
survey was conducted by ARRB and led to the provision of TSD survey
output which utilised the area under the curve method to estimate
deflection parameters. These were then converted to an equivalent
Falling Weight Deflectometer (FWD) deflection using a relationship
developed from research in Queensland.

A review of international and domestic practices on determining pavement
structural capacity was carried out. Three methods of determining a
pavement structural index were identified and compared using the data
from the TSD 900. Two variations of Method A, the Austroads structural
number (SNC) method, Method B being an adaptation of the Austroads
rehabilitation design method to determine a Notional Structural Life, and
Method C which utilised the ARRB Structural Evaluation of Pavement
(STEP) method were compared.

The Remaining Structural Life (RSL) calculated with Method A which
estimated the initial Modified Structural Number after construction (SNCo)
and Method C fluctuated considerably with a change in deflection and
pavement type. The estimated RSL was shorter for both methods when
the base material was stabilised. The shortest RSL was obtained when
the pavement type is a thin asphalt on a stabilised pavement. Method A
with the back-calculated SNC, and Method B produced a constantly high
value of RSL with the former not affected by fluctuations in measured
deflections.

Environmental and geological factors were investigated to assess their
influence on structural deterioration, with the Thornthwaite Moisture Index
(TMI), temperature and precipitation used as the environmental factors
and with the geological factor represented by the WA soil classification. A
statistical correlation analysis was investigated with the RSL from Method
C selected as the dependent variable. None of the factors were found to
have a significant negative correlation. However, precipitation was found
to produce a better correlation than TMI or temperature.

A suite of case studies was carried out by applying the TSD data in a
pavement management system environmentu si ng Dei ght on
Infrastructure Management System (dTIMS). Five combinations of the
ARRB dTIMS setup which employed three different structural index
methods were developed and applied within the existing ARRB dTIMS
template which utilises the Austroads functional road deterioration (RD)
and works effects (WE) models. The treatment rules and triggers
employed generally followed those specified by Main Roads Western
Australia (MRWA) with one exception of replacing the deflection and
curvature parameters in the MRWA setups with RSL. MRWA separately
ran their own dTIMS setup to generate comparable results. The analysis
results were compared by reviewing the length and type of treatments

triggered over the 207 year analysis period, and treatment costs.
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A The analysis results of the Austroads SNC method (ARRB_A2) and Notional Structural Life
method (ARRB_B2) were almost identical in terms of the total cost as well as when
treatments are triggered, and are not substantially affected by the structural deterioration
during the analysis period

A The lowest treatment cost was the MRWA setup, with this giving priority to preservation
treatments (reseal/resurfacing) over rehabilitation.

A The setup that produced the costliest work program over the 207 year period is the ARRB
STEP Procedure (ARRB_C2).

Recommendations from the study include the following:

1. There is a significant difference in the roughness and rutting model estimates from applying
the Austroads/ARRB and the MRWA models as reflected in the analysis results. This should
be addressed through a comprehensive calibration exercise based on time-series data to
ensure the models match the actual network performance?.

2. A wider sample, including other pavement configurations covering a broader range of climate
zones and other factors such as drainage condition, pavement age and updated soll
information should also be investigated.

3.  Whilst roughness and rutting have been well integrated into MRWA pavement modelling,
cracking data is not yet fully utilised. MRWA should investigate adopting an incremental
cracking model such as the Austroads cracking model instead of relying on annual crack
scores assessed by the region.

4.  The immediate validation by means of field investigation of the analysis results using the
first-year work programs is highly recommended to confirm the accuracy of the setups.
However, to assess the prediction of future needs, a combination of a calibration exercise
using historical condition data and a long-term monitoring program is recommended. With
the TSD, MRWA is now able to obtain more precise functional and structural data and should
take advantage of its availability.

5. Further work should aim to enhance the current MRWA dTIMS setup by taking advantage of

the finer detail from the TSD datatoi dent i fy potential structur al

as input to works programming and costing.

6. The conversion of TSD measured deflection to the FWD equivalent should use the
relationship from the Western Australia study when it is available.

! Since the completion of this study MRWA has re-estimated road deterioration models for WA, and the results are
reasonably consistent with the Austroads/ARRB models. The implication of this is both budget and condition estimates
should therefore be similar, but this can only be confirmed by rerunning the MRWA dTIMS setup.
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Improving decision making and works program development with continuous
network strength and condition data PRP17024

1 INTRODUCTION
1.1 Background

MRWA has embraced and led the development and application of sound asset management
processes over many years. With the introduction of new data collection technology and with
MRWA having initiated a review of current MRWA systems and processes in the complementary
WARRIP project @owards Best Practice in Management of Road Pavement Assets Stage 16
(herein referred to as the Towards Best Practice project), it is an opportune time to explore further
improvement of processes and decision making related to road network investment.

By undertaking this project, (herein referred to as the Improved Decision-Making project), in
parallel with the Towards Best Practice project and outlining recommendations for improvements,
MRWA will be best placed to take advantage of the investment it is making in the acquisition of
continuous network strength and condition data provided by the ARRB Traffic Speed
Deflectometer (TSD).

Given the complementary nature of these two projects, it is intended that both projects be
undertaken in two stages, with the second stage of each project being more fully scoped after
considering the outcomes of stage one of the sister project. That is, Stage 1 of the Improved
Decision-Making project ran in parallel with Stage 1 of the Towards Best Practice project. In this
regard, MRWA will have an opportunity to ensure that the focal point of this project, to be ready for
the delivery of the soon to be acquired high speed deflection and surface condition data, will be
well considered with detailed knowledge and mapping of what it is currently doing in pavement
asset management more broadly.

1.2  Project objectives

The objective of the project was to undertake a state of practice review of the use of continuous
strength data in pavement maintenance decision making.

1.3 Project scope and output

The tasks to be undertaken in this project have been split over 2 stages, and Stage 1 which is the
subject of this report includes the tasks shown in Table 1.1 aimed at providing a status assessment
and proposed improvements to MRWA processes and tools. A final output involves undertaking a
workshop with key MRWA staff to hand over outcomes of Stage 1 and agree on the scope of
Stage 2.

Tablel.1l: Projecttasks

Task | Subtask Milestone/task description
1a Review of available methods (domestically and internationally) for detstimiaiimg @npdavement structu
index
1b Review of the impact that environmental and geological features have on pavement performance
1
1c Review of the suitability of other required parameters in the modelling process

1d Development of casadies using available TSD data

O rrb Commercial in confidence
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Improving decision making and works program development with continuous

network strength and condition data PRP17024
Task | Subtask Milestone/task description
2a Drafting of report to outline proposed development considerations sent to MRWA

2b ARRB to address MRWA feedback and submit final report to MRWA

Undertake workshop to discuss findings in trexpdpertpther areas of further investigation and agree

2c scope of Stage 2 (Location: Perth)

The report is structured as follows:

A

Section 2, Data Assembly, details the assembly of the dataset for a few demonstration tasks
under the project. An explanation is also provided on how the data from the trial 900 km of
TSD survey (TSD 900) was prepared and converted to FWD equivalent deflections.

Section 3, Review of methods for determining a pavement structural index, describes a
selection of international and domestic practices used to identify structural needs (and weak
pavements) and how they are used at a network and project level. A more detailed review of
three selected methods deemed relevant for adoption by MRWA is also discussed including
a comparison of the methods by applying them to the TSD 900.

Section 4, Review of factors influencing structural deterioration, considers the climatic and
geological features which have been identified as potential factors along with others such as
pavement age, temperature and level of precipitation.

Section 5, Case studies, describes practical examples of applying the TSD data in a
pavement management system environment. This section also explains the configuration
and models used in dTIMS as well as comparing the analysis results produced by the
MRWA-dTIMS and the ARRB-dTIMS setups for the project.

Section 6, Conclusions and recommendations summarises the study findings and their
proposed application, and possible further research.

The report also includes the following appendices:

A

A
A
A

Appendix A, Summary of data received
Appendix B, ARRB treatment trigger example for AW road class
Appendix C, Soil classification for the project

Appendix D, Dynamic segmentation tool

The report is also accompanied by two files developed and used in the project, which comprise:

A

the dynamic segmentation tool employed in the project which is embedded in a Microsoft
Access file

the visualisation tool employed to compare the three pavement structural indexing methods
which is on a Microsoft Power Bl platform.

It complements the final report from the WA RR | P p Towgrds Best Practice in Management of
Road Pavement Assets Stage 16 Tofle 2019).

O rrb Commercial in confidence
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Improving decision making and works program development with continuous
network strength and condition data PRP17024

2 DATA ASSEMBLY

2.1 The TSD 900 data

In 2016, ARRB surveyed approximately 900 km of the MRWA road network (TSD 900) with the
TSD survey vehicle. The trial route extended approximately from Eucla at the Western Australia i
South Australia border then westwards to Perth including a sample of four major roads around
Perth. A typical TSD survey collects functional condition via laser profiler, automatic crack
detection and high definition video, and structural information reported as an estimated deflection
bowl based on a model developed by Muller and Roberts (2012).

In general, data was available at a lane level i.e. for a single carriageway (code S) with both lanes
surveyed. For a dual carriageway (code L for the prescribed direction and R for the opposite) only
one lane in each carriageway was surveyed.

For this study, the total surveyed length of 1,447 lane km is listed by road number in Table 2.1, and
the geographical location of the sections is illustrated in Figure 2.1. For a detailed start and end
SLK of the survey extent, refer to the accompanying visualisation tool.

Table2.1: Extert of the 900 km TSD trial survey

IRIS_.ROAD_NO RUN_DIRECTION - Length b)carrlaRgevaytype km) -
HO003 L 1811
HO003 R 1811
HO005 L 29.7 454.7
HO05 R 29.6 292.7
HO15 L 57.2
HO15 R 71.7
HO18 L 34.4
HO18 R 34.3
HO021 L 26
HO21 R 26
HO57 L 37.7
HO57 R 37.7

Total 161.5 175.8 1,109.5

O rrb Commercial in confidence
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Improving decision making and works program development with continuous
network strength and condition data PRP17024

Figure2.1: Mapshowingthe TSD 90€urvey

ey
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Much of the data used on the project was sourced from the results of the TSD 900 from ARRB and
the MRWAO RIS data repository, whereas the remaining data was obtained from several other
sources. The data came in various formats and levels of detail, with most requiring some form of
data manipulation before application. The complete list of data received, and its use is provided in
Appendix A.

The data supplied by ARRB did not align fully with the MRWA network reference system and a
geo-referenced exercise was therefore undertaken to ensure alignment. The advantage of using
the ARRB TSD dataset was because it provided the cracking information as well as the other
functional condition information and the structural data.

The TSD 900 mostly consists of two-lane, two-way unbound granular pavement with a thin
bituminous (sprayed seal) surfacing. This applies to the rural portion of the trial route along the
Eyre Highway (HO03) and the Great Eastern Highway (HO05). There is however, a small portion of
full depth asphalt in and around the Perth area. Figure 2.2 details the configuration of the
pavements that make up the various routes.

Once assembled the dataset was used at:

A 10 m intervals for input to a dynamic segmentation exercise

A aggregated 100 m intervals for comparison between the three selected structural indexing
methods

A aggregated 500 m intervals as input to the MRWA and the ARRB dTIMS setups.

Orrb Commercial in confidence
June 2019
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Figure2.2:  TSD 900 surface anavement configuration
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2.2 Using TSD measured deflection

As a reasonably new technology, a current dilemma amongst asset managers and pavement
design practitioners is how to apply TSD measured structural data for planning and for design
purposes. Established methodologies have been developed based on the principle of measuring
strength by the Falling Weight Deflectometer (FWD) device, or by Benkelman Beam and related
technologies such as the Australian adaptation of the deflectograph, e.g. the VicRoads PaSE

(Vi ¢ R oRademént Strength Evaluator). These methods were predominantly developed for
project level purposes and utilise either back-calculation methods to determine layer moduli as part
of a mechanistic design procedure or chart-based methods, also referred to as empirical
procedures. Both are described in Austroads (2012).

For network level asset modelling purposes, road performance relationships (Austroads 2010a)
express pavement strength as a single number, termed the modified structural number (SNC)
(Hodges, Rolt & Jones 1975). The SNC has been correlated with the Benkelman Beam and the
FWD based on work by Paterson (1987).

At the time of writing, no method exists to use the measured deflection bowl from TSD as is for
design or planning purposes.

The ARRB TSD survey output utilised the area under the curve method to calculate the deflection
at a specified distance from the centre of the wheel (Muller & Roberts 2012).

A more recent study in this area was reported by Lee (2016) following research conducted under
the Queensland DTMR/ARRB National Asset Centre of Excellence (NACOE) program. This study
arranged for the TSD and FWD surveys to be undertaken at the same time, which in turn
eliminated the variation of external factors that can impact the comparison results, such as
temperature and subgrade moisture. As a baseline, movement sensors were also embedded in
the surface to measure the actual deflection bowl. The output of the study was a relationship

Orrb Commercial in confidence
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Improving decision making and works program development with continuous
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between the TSD deflection and components of the FWD equivalent bowl and produced the
following relationship (Equation 1) which was used to estimate equivalent FWD deflections
(measured in microns).

Do-rwp = 0.9Do-Tsp + 138

When comparing the TSD output against the FWD bowl and the instrumented actual bowl, the
NACOE study concluded that beyond a distance of 300 mm from the theoretical loading plate, the
result cannot be reliably correlated. Therefore, only the Do and D2go TSD results were used.

The following steps were taken in preparing the TSD data from the ARRB survey:

1.  Synchronised ARRB survey chainage to MRWA reference SLK by means of geo-referencing.
This enabled the use of the ARRB TSD dataset at 10 m intervals with other datasets
supplied by MRWA.

2. Supply of TSD output components of the deflection bowl (Do and D2o0) based on Muller and
Roberts (2012).

3. Normalisation of the deflections to 10,000 kg based on the combined left and right strain
gauge reading from the TSD survey.

4.  Conversion of the normalised TSD deflections (Do.tsp) to equivalent FWD deflections (Do.rwp)
using the NACOE relationship.

O rrb Commercial in confidence
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3 REVIEW OF AVAILABLE METHODS TO DETERMINE A
PAVEMENT STRUCTURAL INDEX (TASK 1A)

3.1 General

As part of the tasks, the project team reviewed several methods of assessing pavement structural

capacity, and how they might be used to inform a

The range of methods available, including specific examples, and their typical application are
summarised below, and a selection of these have been chosen for application in this project.

3.2 Range of methods
A number of alternative methods are commonly employed, including, the following methods:

1. Methods which employ empirical transient deflection versus pavement life relationships.
Such relationships have been developed many years ago by TRL for use in the United
Kingdom (Kennedy & Lister 1978) or have been adapted from design methods such as
Austroads (2012) for use in Australasia, and by CSIR South Africa (1983). They have been
widely applied in temperate, sub-tropical and tropical environments. The apparatus used
includes Benkelman beams, the Deflectograph (such as PaSE) and the Falling Weight
Deflectometer (FWD). A more recent example includes the ARRB-RMS structural evaluation
of pavements (STEP) procedure (Loizos, Roberts & Crank 2002; Roberts 2017).

2. Certain pavement design methods, such as the AASHTO pavement design guide method
(AASHTO 1993) which does not require surface deflection and is based on estimating the
6unconsumed6 |ife of the original pavement

3.  Various mechanistic procedures which employ back calculation methods, i.e. methods which
are a response to load, and utilise the results of FWD tests.

4.  The family of incremental pavement condition models as represented by
mechanistic-empirical deterministic models such as HDM-4 (Kerali 2000) and the Austroads
network level deterioration models (Austroads 2010a; Austroads 2010b; Martin &
Choummanivong 2018).

The main characteristics of each are summarised in Table 3.1, with comments made on their
intended application, restrictions or limitations on use, data requirements and overall suitability.

O rrb Commercial in confidence
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Table3.1: Alternative methods for determiningrér@ainingpavement structuraléif

Characteristics

Incremental pavement deterioratiol
models

Empirical deflecticlife based method

Pavemendesignrbased methods

Mechanistic pavement design methg

Principapplication

Lifecycle performance prediction of 1
and existing pavements, including
posttreatment

Determination of strengthening need
carry future traffic

Design of nggavements, or involving
substantial replacement/reprocessin
bound and unbound layers

Design of new pavements and
strengthening measures, including
replacement/reprocessing of layers

Potential alternative applica

A Estimation of time to statedtizmd
limits (intervention levels), and
condition states for functional an
structural measures

Determinationafowable loading f
a selected treatment

Remaining life of current paveme

A Determination of unconsumed lif

A Determinationafowable loading fi
a selected treatment

A Remaining life of current paveme
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Characteristics

Incremental pavement deterioratiol
models

Empirical deflectiolife based method

Pavemendesignbased methods

Mechanistic pavement design methg

Typical restrictions on use,
stated deficiencies

Other limitations

A Scope of original studies, includir

coverage of pavement types and
treatments and kespdndent
variable, such as climate, traffic 4
other conditions

Need for significant calibration ef
although possilibf autecalibration
using timseries data offers
significant advantages

A

> >

>

p>N

Developed primarily for use in trg
badlydistressed pavenment
Potentially inapplicable to
nondistressed pavements
Maximum traffic levels
Heavyduty flexible pavementsich
may show little change in deflect
over time

Particular failure modes, e.g.
topdown cracking

The large performancétians
among identical designs
Estimation of past ESAs

Inability to account forquerlay
repairs and sufficiently represent
pavement strength

Most applicable to pavements wi
very little visible deterioration.

A Limited to analysihg cumulative

defomation of the whole paveme
related to theertical strain in the
subgradeand asphalt fatigue.

Interpretation of the deflection bg
has proved to be difficult becausq
assumptions of linear elastic theg
not hold sufficiently well.
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Characteristics

Incremental pavement deterioratiol
models

Empirical deflectiolife based method

Pavemendesignbased methods

Mechanistic pavement design methg

Data requirements

A General knowledge of pavement
surfacing type, and historical
treatments

A Pavement functional condition dg

A Representative or more detailed
structural (deflection) data a
significant advantage

A Closelgpaced measurementsoof
and/o Dxog with prescribed
standardisation and adjustments

A Pavement configuration and
thicknesses, representing surfacs
principal lodgkaring layers

A Future traffic loading

A Detailed knowledge of pavement

A Knowledge of past and future tral

structure, including layer types a
thicknesses drheir integrity

A Detailed knowledge of pavement
structure, including layer types a
thicknesses and their integrity,
including layer moduli, etc.

Overall suitability

Highly suited to asset planning and
monitoring purposes, with accuracy |
to improve with good quality data

Significant potential where combineg
functional measures, noting key limit

Toodata hungnd timeonsuming for
network level analysis

Too complend timeonsuminfpr
network level analysis

Example methods

Austroadiunctional and structural
deterioration models

Adaptation of Austroads Psge@also
Austroads technical basis (Austroad
2008)

AASHTO (1993)

Austroads General Mechanistic Peg
(Austroada01)
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The range of uses of the outputs of this task include:

1. computing a pavement structural health indicator for screening potential candidate treatment
lengths, and for network reporting purposes, this being the main purpose of this project task

2. informing options in a Life Cycle Cost (LCC) analysis, including the timing of possible
structural treatments

3. providing guidance on the direct use of deflection data, including:

(@) as an input to network level deterioration models, e.g. to estimate a modified structural
number (SNC) to inform the prediction of functional condition

() for identifying potenti al 6hot spotsé, which

For this task, a guiding principle has been that having defined a measure of pavement life/health
this does not mean a treatment is needed, as this will primarily be driven by functional condition.
However, a structural view can be used to help select which treatment is appropriate, or not.

3.3 Adopted methods for further detailed review under this project

Two main methods have been selected with the aim of testing their suitability for determining and
estimating a pavement structural index. Further details on each method, and on specific options
for each, are described below:

3.3.1 Austroads SNC ratio (Incremental pavement deterioration model) i Method A

Except for the AASHTO method, the other methods assume that future pavement life can be
estimated from current deflections without considering the current pavement condition (e.g.
cracking, rutting, roughness) other than its response to load. In other words, it is implicitly
assumed that any deterioration is reflected in the deflections.

However, residual life can also be estimated by road deterioration models that predict the
time/loading to terminal pavement conditions based on the current pavement condition (e.qg.
cracking, rutting, roughness).

There are many road deterioration models in use. The HDM-4 road deterioration (RD) models and
similar models of the empirical-mechanistic, deterministic form, such as the Austroads network
level models (Austroads 2010a) are of interest since they have been calibrated or developed
specifically for Australian conditions. The parameters included in the models allow a wide range of
operating and design conditions to be modelled, i.e. they have a quality of being transferrable for
application in different locations following calibration.

This means they can calculate the time and traffic loading to terminal conditions defined by
different types and levels of deterioration namely:

A percentage area of all and wide cracking

A average rut depth

A roughness.

Importantly, the remaining life calculated using such RD models not only utilises information about

the structural adequacy from measured deflections, but also the current condition in terms of
cracking, rutting, roughness, etc.

O rrb Commercial in confidence
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The Austroads network level functional deterioration models for cracking, rutting and roughness
(2010a) work in conjunction with a structural deterioration model (Martin & Choummanivong 2018)
The models are specific examples of the HDM-style models developed for Australia, i.e. equation
forms, including parameters and coefficients have been selected based on statistical analysis
using time-series observations from long-term pavement performance (LTPP) studies funded by
Austroads and network studies funded by Austroads and various road agencies. Works effects
models have also been developed which quantify the improved condition which results from
specific treatments (Austroads 2008).

An advantage of the models is they can be employed withinDei ght onés Tot al I nfr as
Management System (dTIMS) which is used by MRWA. The latest (and most comprehensive)
dTIMS setup available incorporates the following choices:

A use of a structural deterioration model (based on SNC) to inform functional deterioration 1
this represents a minimum recommended configuration

A use of structural condition (SNC ratio) as a trigger in combination or separate to purely
functional triggers.

Both of the above setups have been tested in analysing a VicRoads 231 year PPP with a 351 year
analysis period applied within dTIMS to a network comprising over 8000 100 m long road
segments.

A specific technical advantage of such models is they model the interaction of different parameters

and account for the significant changes in pavement performance which result through the

passage of time and traffic, including beyond theso-c al | e di rOsttiimed beyomd whic
risk of accelerated deterioration. Such conditions may exist on the network, or be possible under

budget constraint, in which case an incremental model can inform appropriate modelling and the

selection of a treatment strategy that minimises costs, either to the road agency or to the economy

in terms of (economic) total transport costs.

The Austroads structural deterioration model (Martin & Choummanivong 2018) is based on the
Austroads LTPP study which has been undertaken since 1994 with more sites added from 1998
(Martin & Choummanivong 2016). The model is expressed as the ratio of structural number
measured against the initial SNC at the time of construction, and recognises the following
influencing factors:

A Pavement type by having a difference in the model coefficients for asphalt and sealed
unbound granular pavements

A Pavement age i the pavement will deteriorate over time, in this case with respect to the
expected pavement service life

A Effect of climate and environmental conditions which is expressed in terms of the
Thornthwaite Moisture Index (TMI). A negative value of the index represents a dry climate
and a positive value, a wet climate.

A The initial strength of the pavement at the time of construction is defined in terms of the initial
modified structural number, SNCo. The respective maximum deflections can be used to
estimate SNC, based on the current modified structural number SNC;, measured at ti

SNCi/SNCo= 217 EXP[AGE*(0.00001942*TMIli + 0.2975*/DL)] (for asphalt 2
pavements)

O rrb Commercial in confidence
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SNCi/ SNCo= 21 EXP[AGEi*(0.00004413*TMI; + 0.2581*/DL)] (for granular 3
pavements)
SNCo= SNCi/{2 T EXP[AGE*(0.00001942*TMI; + 0.2975*/DL)]} (for asphalt 4
pavements)
SNCo= SNCi/{2 T EXP[AGE*(0.00004413*TMI; + 0.2581*/DL)]} (for granular 5
pavements)
where
SNCo = initial SNC after construction
SNCi = current (in-service) SNC estimated from measured deflection
AGEi = pavement age (number of years since construction or last rehabilitation)
DL = service life in years
T™I = the Thornthwaite Moisture Index
The progression of the model over time is illustrated in Figure 3.1.
Figure3.1: Change in SNC with time for sealed granular pavements
SNCi/SNC, vs AGE; (GN) variation with TMI; (climate)
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The current strength of the pavement is defined in terms of the SNC at the time of the most recent
structural testing (time 6i6), cal cu)luderwading &#s e d
involved calculating SNCi firstly by converting TSD outputs to FWD values as detailed in Section

2.2, and then converting these to equivalent Benkelman beam (Do-ss) values, and finally applying
Equation 6 and Equation 7 from Patterson (1987).

SNCi = 3.2*Do.ss ™3 (for unbound pavement) or

SNCi = 2.2*Do-ss™*% (for bound and asphalt pavement) 7

Note that in using SNC ratio either as input to calculate the remaining life or as a trigger input in
dTIMS, if the SNCy is back-calculated, the SNC ratio is not dependent on deflection nor curvature
but on climate, pavement age and service life only based on Equation 4 and Equation 5.

As an alternative to the back-calculated SNCy, the initial structural number can be estimated as
expressed in Equation 8 (Martin & Choummanivong 2018, Toole & Roper 2014) with knowledge of
the estimated design traffic in cumulative equivalent standard axles (CESA).

SNCo.est= 1.128 CESA0-1033

For the purpose of comparing the adopted methods, both SNC ratio with back-calculated SNCo,
annotated as SNCratio_bc and SNC ratio with estimated SNCy, annotated SNCratio_est were
employed.

3.3.2 Empirical deflection-life based methods

Methods available include the TRRL deflection-life curves which was one of the first methods of its
kind and is used to illustrate a well-established method applied over many years, and two
examples which are available in Australia and could be applied to estimate a remaining pavement
life, albeit with specific qualifications, including those described below.

TRL deflection-life curves

For over 40 years deflection-life curves have been used in the United Kingdom to estimate residual
life, with specific curves developed by TRRL (now TRL) (Kennedy and Lister 1978) based on long-
term monitoring of full-scale road experiments. These have been revised several times as more
data have become available. Deflection-life curves have been developed for the following
pavement types:

A pavements with granular road bases whose aggregates exhibit a natural cementing action
A pavements with non-cementing granular road bases

A pavements with bituminous road bases
A

pavements with cement bound road bases.
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Pavement deterioration on all road experiments was rutting in the wheel-paths, measured under a
1.8 m straight edge. According to Kennedy and Lister (1978):

Cracking of the road surface only occurs at a relatively late stage as deformation continues until, at failure,
the road is badly deformed and may also be badly cracked. Ciritical condition, defining the preferred time
for extending the structural life of a pavement by overlaying is normally characterised by moderate rutting
with little or no cracking.

Critical pavement condition was defined as:
A No cracking, rutting 10 mm to 19 mm; or

A Cracking confined to a single crack or extending over less than half of the width of the wheel
path. Rutting 19 mm or less.

These modes of distress are consistent with the predominant distress modes such as vertical
strain and asphalt fatigue applied in empirical, deflection-based methods. Advanced deterioration
is reflected in increased rutting, surface distress and roughness.

Figure 3.2 is an example of the relationship between the TRRL standard deflection (Benkelman
beam deflection under a wheel load of 3175 kg, corrected to a temperature of 20 °C) and the
pavement life to a critical condition for pavements with granular road bases whose aggregates
exhibit a natural cementing action. Such deflection-life curves enable the residual life (RL) to be
calculated from the measured deflection and cumulative traffic loading at the time the deflections
were measured. For example, as seen from Figure 3.2 if the measured deflection was 0.45 mm
and the cumulative standard axle loading was 3.0 x 108 ESA (point B in Figure 3.2), the allowable
loading to critical condition at a probability of 0.5 is 6.0 x 106 ESA. Consequently, the residual life
percentage is:

¢
RL=1- M =500

6x10°

where
RL = percentage residual life (%)

or alternatively, the pavement can withstand an additional loading of 3.0 x 10° ESA.
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Figure3.2. Relationship between standard deflection and life for pavements with granular road bases whose aggregates
exhibit a natural cementing actébaesign example
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Adaptation of the Austroads pavement rehabilitation method (Method B)

An adaptation of the Austroads pavement rehabilitation method has been developed which

involves determining the allowable loading of nominal treatments on an existing pavement. This

can be converted into a 6Notional structur al life
demand index (SDI). The method has also been applied in VicRoads PPP development to define

an initial distribution of NSL and potentially as a monitoring tool to complement functional condition

profiles. The application is similar to the former MRWA Term Network Contract (TNC) Asset

Condition Profiles?.

The method involves determining the distribution of estimated lives (in years) of nominal
resurfacing treatments applied to individual 100 m sections of a network, as follows:

A For thin bituminous surfaced granular pavements with either a bituminous seal or asphalt
less than 40 mm thick the treatment is reshaping and resealing without strengthening. The
allowable loading is based on a relationship between the characteristic (design) deflection
and design traffic loading taken from Austroads (2011) Guide to Pavement Technology Part
5: Pavement Evaluation and Treatment Design (Figure 3.3). In this procedure the before and
after deflection remains the same, i.e. there is no net strengthening.

2The term 6notional structural |l ifed does not imply a defini
structural treatment demand, which in this case is represented by an allowable loading converted into years. The

concept is useful as a health index and the value can be redetermined periodically using a standard procedure, i.e. it can

be monitored. It also provides a basis for comparison with methods which aim to estimate remaining/residual life. A

further use is to inform possible treatment options, and their timing.
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For asphalt pavements, the calculated lives are those after resurfacing with a 50 mm thick

A

asphalt overlay. The allowable loading is based on a relationship between the characteristic
(design) curvature and allowable traffic loading adapted from Austroads (2008) Technical

basis of the Austroads design procedures for flexible overlays on flexible pavements,

Research report AP 7 T99/08 (Figure 3.4).

In this procedure the before and after deflection

differs, i.e. net strengthening results from the nominal treatment.

Figure3.3: Benkelman Beam design deflections
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Figure3.4: 40 kN FWD design curvatures for 50 mm thick asphalt overlay for WMAIBUSs Gf 20
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In a recent application in Victoria (Toole & Jameson 2017), the above procedures were applied to
determine pavement performance criteria comprising an indicator of structural treatment demand
which would help inform the asset owner of the sustainability of the pavement assets, and the likely
challenges to be faced by the project contractor in managing the network. The need for such an
indicator is based upon concerns that traditional condition indicators could be achieved through the
frequent placement of relatively light treatments, i.e. band-aiding,and t hat
indeed, the contractor could be at risk from the accelerated deterioration of the road pavements,
either during or immediately after the duration of the concession.

the 6dasset

For network monitoring purposes, the results of the analysis are presented as a cumulative
frequency distribution, similar in form to the asset condition profiles (ACP) employed by MRWA.
The option is also to use the data for individual segments to inform possible treatment options, in
particular where there is evidence of distress.

3.3.3

The ARRB/RMS structural evaluation of pavements (STEP) procedure i Method C

The STEP procedure has been applied by RMS to augment their functional modelling by providing
an estimate of remaining structural life. At its core is the following two calculations:

A

Determination of the current SNC of a pavement accounting for multiple factors, including:

o layers; surface, base, subbase and subgrade

0 material type per layer and overall pavement type

o0 thickness of each layer

Qrro
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o estimated material strength of each layer accounting for temperature and moisture
conditions, and material integrity

A Calculation of the remaining structural life (RSL) in ESA based on the current SNC, with the
relationship established from mechanistic pavement analysis and validated by asset
management practitioners (Figure 3.5).

A Adjustment of the RSL to account for the stiffness of the pavement as an indicator of the
performance of the upper layers of the structure, noting this relates to structural crack
initiation in asphaltic layers. The indicator used is the curvature, with the concept applied to
the stiffness of any flexible pavement structure, including cemented and unbound sprayed
seal pavements, with either strong or weak road bases. This contributes to the derivation of
a term named the Pavement Stiffness Ratio (PSR) which is used to adjust the RSL for cases
where the PSR is less than unity.

Figure35: Example avement isserviceremaining capacity curves
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Data for the adapted Austroads deflection-based procedure is readily available, whereas a
simplified approach has been adopted for the STEP method considering the following:

A estimation of RSL based on maximum deflection (Do) only, following conversion to SNC

A adjustment of RSL accounting for PSR.

In coming to the above set of options there is a need to focus and test potential methods, including

alternative procedures, and not broaden the study too widely bearing in mind this is a network level
study and needs to draw as much as possible on Australian methods.
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3.4  Structural index comparison
3.4.1

This section compares the three selected structural index methods discussed previously in Section
3.3 by expressing the calculated values as the remaining structural life (RSL). The results have
been plotted using a visualisation tool developed by the project in the Microsoft Power Bl platform.
The functional conditions have also been plotted to help illustrate their relationship to the estimated
structural capacity.

Description of the selected setups

Table 3.2 provides a summary of the scope and input data prepared for the RSL calculation for
each method. The choice of a 60i year design life (with the latter term replaced by the term service
life which is consistent with the derivation of the models) is based on the fact that roads last a long
time, particularly in WA, without a need for a rehabilitation or other major strengthening treatment.

Table3.2: Input datagquirements

Inputdata MethodA 6 Austroads SN@atio MethodB 6 Notionaktructurallife | MethodCd ARRB STEprocedure
Datanterval 100 m 100 m 100 m
TSD to FWD conversioarage TSD to FWD conversioarage TSD to FWD conversioarage
Deflection aggegation aggegation aggegation
TSD to FWD conversiverage TSD to FWD conversiverage
Curvature Not used aggegation (fasphalt only) aggegation
Desigriife 60 yearsservicdife) 60 yearsservicdife) Notrequired
Pavemernype 2 types of surfacings: 2 types of pavement: 5 types of pavement:
T Asphalt T Asphalts{milar to STEP P5) T P1 Sprayeskalunbound
i Sprayedgeal T Granular T P2 Sprayeskalstabilised
T P3 Asphalinbound
T P4 Asphadtabilised
T P5 Fultepthpavement
Calibration Austroads LTPP Not required ROCe (Stiffness coefficient) def
from TSD 900 dataset for eag
pavemertiype sulgroup)

In summary the methods are based on the following:

A Method A considers the ratio of structural number when deflection was measured against the

structural number immediately after construction. It assumes that the structural capacity will
decrease over time until the ratio reaches a certain point when the structural life is deemed to
have been consumed. For this study the SNC ratio value of 0.59 was adopted. Two
alternative ways of calculating the RSL were considered depending on how the SNC, was
calculated. The first alternative is for when SNC, was back-calculated (RSL_SNCratio_bc)
and the second for when SNCy was estimated with an empirical equation
(RSL_SNCeratio_est).
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A Method B, the Austroads notional structural life method (RSL_NSL), converts the allowable
traffic for a nominal treatment into a remaining service life (Toole & Jameson 2017).

A Method C, the ARRB STEP method, estimates the remaining life (RSL_STEP) based only on
the structural integrity of the pavement while accounting for a potentially weaker upper layer
of the pavement likely due to cracking.

The maximum reported RSL for all three methods was limited to be no more than 80 years.

3.4.2 Results
Average remaining service life by pavement type

Figure 3.6 presents the calculated average remaining service life by pavement type sub-group
estimated from applying each of the methods, from which the following observations were drawn:

A Method A, RSL_SNCratio_bc, gives a constantly high RSL regardless of the pavement type.
The result of the alternative application of Method A, using RSL_SNCratio_est, however
varies considerably by pavement type, and is especially low for thin asphalt on a stabilised
pavement. The difference between the two alternatives is significant when the base is
stabilised.

A Method B, RSL_NSL, gives a relatively high RSL except for the case of a full depth asphalt
pavement where the estimate is the lowest of all three methods.

A Method C, RSL_STEP, follows a similar trend to Method A based on an estimated SNCo,
RSL_SNCratio_est. An exception is when the base is an unbound pavement where Method
C tends to predict a much lower remaining structural capacity.

Figure3.6: Comparison of themainingservicelife
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In a further example, representing the Kwinana Freeway (HO15) which is a typical highly-trafficked
major road in an outer urban setting, the effect of the variation in pavement type has been
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investigated in more detail utilising the Power Bl visualisation tool as shown in Figure 3.7. From
the top, the first chart provides a comparison of methods of estimating RSL, the second chart is a
combination of curvature readings from the TSD survey and pavement type, and the third chart
presents rutting and cracking profiles and the last chart presents roughness and cracking profiles.
A constant line to represent a trigger level is provided for each condition parameter; 300 for
curvature, 20 mm for rutting and 4.2 IRI for roughness.

The following observations can be made:

A Method A, RSL_SNCratio_bc shows a constantly high RSL estimate. Similarly, Method B,
the RSL_NSL method, also produces a high estimate except for the full-depth asphalt
section.

A The fluctuations shown for Method A, RSL_SNCratio_est and Method C follow that of the
measured pavement stiffness, represented by Do. When the pavement is very stiff it
produces a relatively high remaining life estimate as observed between SLK 14 to 22 for the
thin-asphalt unbound pavement, and from SLK 41.5 to 57.0 which comprises full-depth
asphalt.

A There is no significant difference between the Method C RSL calculated for the thin-asphalt
surfacing with a bound or unbound base configuration as observed from SLK 22 to SLK 42.
However, for Method A RSL_SNCratio_est, there is a significant difference in the calculated
RSL between the two pavement types, with the thin-asphalt on stabilised pavement having a
much shorter estimated life for a similar curvature or deflection.

A For sprayed seals, a noticeable difference of results between bound and unbound
pavements was observed for Method C. The sprayed seal-unbound section (SLK 340 to
SLK 348) has a higher RSL estimate, approximately twice as high, than the sprayed
seal-stabilised section (SLK 348 to SLK 354) for a comparable measured curvature. This is
however consistent with the different relationships shown in Figure 3.5.

A When a pavement is in good condition, with no indication of surface defects, and it
possesses low deflection and low curvature, the RSL estimate varies by pavement type quite
considerably. Method C predicts the lowest RSL, in the 30s, Method A estimates RSLs in
the 80s and Method B in the 60s.

A On the other hand, when pavements are in poor to very poor condition, where defects can be
visually observed, Method B and C are consistent in estimating low RSL as shown in
Figure 3.8 from SLK 355 onwards. The visual evidence is provided in Figure 3.9 for SLK 372
on the Great Eastern Highway. The image shows a high frequency of maintenance patching,
crocodile cracking and rutting on the wheel path. For this example, the estimated RSL from
Method A remains high. This is because the SNC ratio used in determining the remaining
structural life for Method A, when using back calculation to estimate SNCo, is dependent only
on the climatic condition, pavement age and the service life as shown in Equation 2 and
Equation 3. However, it is understood that this method needs to be used in conjunction with
functional data.

A Method A with the back-calculated SNCy, and Method B produced a constantly high value of
RSL with the former showing little response to fluctuations in measured deflections.
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Figure3.7: Kwinana Freeway (H015) Structural Capacity Comparison
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