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SUMMARY
The roading networks in individual regions throughout the country have been studied using data
mining of all available pavement structural data to determine an improved system of road structural
classification nationally and develop improved parameters for pavement design based on regional
precedent performance (RPP Project). The procedure evaluates all mature roads in each region in
relation to their historic long term performance and traffic loading. The parameters generated from
the data mining are necessarily calibrated to the construction practices and environment of the
specific region and after thorough verification, provide much more efficient and reliable design for
the region than adopting the corresponding Austroads criteria. The principle for establishing the
pavement design criteria is the same, except that Austroads used precedent performance of 24
model pavements1 and only one distress mode in one layer (rutting in the subgrade) while RPP uses
the precedent performance of many thousands of pavements that are in service in New Zealand,
and considers all potential structural distress modes in the surfacing, base and subgrade.

The upgraded system is ideal for complementing the implementation of the One Network Road
Classification by allowing substantially improved and nationally consistent prioritisation for
rehabilitation funding which can now be backed up with an unprecedented level of justification. The
principles radically advance the state of the art for pavement asset management. All roads from the
local authority network have been analysed using mechanistic methods (analysis of loads,
determination of moduli, stresses and strains throughout the pavements) calibrated to precedent
performance in the region, to evaluate structural capacity and expected life of the network to inform
and support long term planning and future budget allocations.

Application of these results provides life cycle term modelling, bringing substantial benefit in the
short term and throughout the next 10-30 years. In relative terms, the methodology should
necessarily provide a robust ranking of all treatment lengths in the region in order of priority in
terms of pavement structural life. Greatest reliability is for those treatment lengths that will require
structural rehabilitation in the next 10 years but longer term results should still show good relativity.
In absolute terms, these determinations of pavement structural life should be much more reliable
than those based on “structural number” methods, (relating more to re-surfacing – not addressed in
this study). Feedback from local practitioners will further refine the calibration of the model.

A fundamental parameter that is determined for each network is the percentage of the FWD test
points that require structural rehabilitation. This is used to assess a lower bound for the percentage
of the network that will require rehabilitation each year (because during construction, each
treatment length will usually include some intermediate intervals that are less than terminally
distressed). For this reason, actual intervals selected for rehabilitation will be about double2 the
lower bound lengths determined. The lower bound rate provides a consistent benchmark that can
be used for comparison of structural condition nationally, between any regional networks.

The calculated lower bound long term structural rehabilitation rate (for design based on local
precedent performance) for the local authority network is estimated to be 0.5% of the network
length each year. Appropriate overlay thicknesses have also been presented in the spreadsheet. In
the medium term (10 years) the lower bound rehabilitation rate is expected to be 7.8% per decade.

1 Jameson G  2013 Technical basis of Austroads Guide to Pavement Technology Part 2:Research Report ARR 384 Pavement Structural
   Design http://www.arrb.com.au/admin/file/content13/c6/ARR%20384_v4_web_Lowres.pdf

2 See section 2.5
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Seal instability of multiple chip-seal surfacings is also an issue for the region, but this is not presently
included in the “structural” model. A preliminary RPP model suggests this may be the driver for
remedial works for 0.75% of the network each year.

The structural model assumes that normal maintenance continues in the future in the same way that
it has historically. It is important to note that ongoing calibration will affect the annual rehabilitation
rate. However, the relative priorities for rehabilitation (listed for all treatment lengths in the district)
are likely to remain in the same sequence, even though their optimum timing may be brought
forward or back. Exceptions would be those treatment lengths flagged in the attached spreadsheet,
for priority drainage maintenance, where effective intervention can markedly reduce the need for
rehabilitation.

A summary spreadsheet (Structural Treatment Length Table) for the region (Appendix A), is provided
along with a step by step guide for immediate implementation by new users. Familiarity with the
theory in this report is not essential for its application. The basic methodology comprises substantial
recent advances using the Dynatest International software and extensive data mining of the New
Zealand database of over a million structural analyses carried out over the last two decades. The
comprehensive dataset from the region studied is already sufficient to ensure sound decisions for
managing the network asset through all of the following:

· Benchmarking (national or regional): rehabilitation priorities have been defined within the
region and comparisons may be made between any sub-sets (LAs, provinces or the country’s
14 Regions for the state highways) on the same basis nationally (or internationally).

· Demarcation of efficient structural treatment lengths within the nominal RAMM treatment
lengths.

· Priorities for subsoil drainage now determined using new non-destructive techniques that
will allow maintenance to be focused on those structurally critical sections where maximum
benefits will apply, allowing immediate, low cost extension of pavement life

· A regionally calibrated model for expected pavement structural life (with and without
drainage intervention). Also applicable to QA of new or rehabilitated pavements.

· Informed decisions for each treatment length on whether resurfacing will suffice or is
structural rehabilitation essential and if so when.

· Rehabilitation intervention that can be carried out on the same basis nationally to meet the
objectives of the ONRC. Where budget is cut, identification of which treatment lengths will
incur the least loss in level of service if treatment must be deferred.

· Identification of the governing distress mode for each structural treatment length and hence
the most appropriate treatment solutions (and associated cost) when distress reaches its
terminal condition.

· Rehabilitation quantified in terms of a variety of options (overlay thickness, depth of
reconstruction and depth of stabilisation) for all treatment lengths.
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· Expected life for resurfacing of thin AC and chip-seal.
· Derivation of fundamental parameters for reliable characterisation of pavement wear (load

damage exponents) applicable to every treatment length.
· Expected pavement life under standard versus increased axle loads for each structural

treatment length and risk from HPMV traffic loads.
· Format for seamless integration of additional FWD data and interpolation between all data

points using TSD data.
· Forward Work Programme with preliminary costings for 3, 10 and 30-year rehabilitation

which, after the initial structural evaluation can be updated annually with minimal inputs.

The application of these principles establishes a “game changer” for pavement asset
management, the design of new pavements, and the various forms of rehabilitation treatment.

In summary, the RPP Project, through extensive data mining of the national database takes
existing condition, draws on the lessons of history and uses internationally recognised software
to prioritise efficient pavement management. The procedure enables nationally consistent levels
of service that can be maintained (and in many cases levels of service can now be increased)
with decreasing budget.

The spreadsheet can readily be updated, when more data are accumulated as subsequent
regions throughout the country are included in this study. The initial QA is time-consuming, but
thereafter, systems have been established so that as further observations of performance or
new data become available, an entire region (with many thousands of kilometres of data) can be
re-calibrated and an updated spreadsheet produced in a few hours. The application of these
principles is wide ranging and of relevance to various roles, including both network managers
and project level designers. The first worksheet in the spreadsheet provides a step by step
explanation and examples of how to utilise and implement the findings of this study.
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ABSTRACT
A database of pavement structural testing has been assembled containing over a million in situ
Deflectometer tests (collected on both state highways and local roads throughout New Zealand
over more than two decades). Detailed structural analyses have been carried out for each test
along with observation of performance and consideration of condition data. The objectives of
this study are:

· To evaluate the relationships between observed road pavement performance and
measured pavement testing parameters, for each of NZTA’s 14 individual regions.

· To develop an improved basis for predicting pavement structural performance and life
using mechanistic parameters derived from dynamic deflection testing and regional
performance data that can be used as a monitoring and diagnostic tool on the state
highways and local networks; and

· To explore improved procedures for network asset management, determining pavement
structural life, structural design and rehabilitation.

The principal findings include:

· Section-specific pavement and rehabilitation design can be improved using pavement
parameters derived from dynamic deflection testing and evidence-based predictions of
pavement life for typical pavement construction types

· Region-specific guidance can be derived from mass testing data to refine structural
design of rehabilitation and new construction for unbound granular, asphaltic and
stabilised pavements for particular regions, acknowledging the differences in subgrade
types, aggregate sources, climates and construction/maintenance practices.

The study concludes with a set of 10 actions3 that are recommended in order to implement the
improved approach to pavement asset management and design. The improvements provide more
detail and more relevance by individually calibrating to each of NZTA’s regions. The outcomes for
network asset management include informed pavement life predictions for all roads and extended
forward work programmes that are nationally consistent. Pavement design benefits include greater
cost efficiency and higher reliability than obtainable with traditional empirically-based methods.

3 Listed in Section 4.

.
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1 Introduction

1.1 General
This report presents the results of a study carried out by GeoSolve Ltd on the database of all recent
and historic Falling Weight Deflectometer (FWD) structural analyses available within the region.

The study was carried out for the NZTA highways and the local authority roads to provide a new,
alternative perspective of the expected structural capacity and pavement life to inform and support
long term planning for the roading network. A state of the art mechanistic approach was adopted
(considering the relevant loads, stress and strains) calibrated from regional precedent performance
of pavements (RPP). Studies are underway for other networks using the same format and
benchmarking criteria, so that comparisons between regions can then be made, meeting ONRC
objectives.

The reason for a focus on regional precedent performance rather than Austroads mechanistic design
recommendations or traditional empirical structural number (SNP) approaches is because New
Zealand now has more than enough in situ testing data, to enable much more relevant criteria,
specific to each local climatic region, to be established. The changes from Austroads mechanistic
principles are minor in that the methodology is extended and calibrated.

The changes from SNP are substantial because by comparison the traditional methodology:

· Is based on a formulation of a generalised performance function relying on an empirical
structural parameter, Structural Number, that provides a coarse estimate of only one
distress mode across a range of pavement types under generalized traffic loading (in terms
of ESA) but lacks capability for distinguishing the impact of contributing factors and effects;

· The formulation is intrinsically general and approximate with respect to: (i) the governing
mode of distress, configuration of the pavement (little distinction between layer types and
configurations); and (iii) configuration of traffic loading and the sensitivity of different
material types and pavement configurations to load (because load damage exponents are
not able to be considered);

· In its original form, was based on a limited evidence-base under structured and controlled
field conditions that were very different from New Zealand conditions and which, even in its
subsequently modified forms (including the Austroads guide), has relied on comparatively
small evidence bases – such that the methodology is no longer favoured by the leading
American authority, NCHRP and FHWA.

Whereas the proposed new methodology is:

· More site-specific and fit to purpose (able to analyse and design for specific site and traffic
conditions and to address specific modes of distress)

· Utilises a considerably larger body of empirical data than previous models and is intrinsically
focused on the range of materials and conditions typical of New Zealand conditions

· Enables diagnosis and design to meet site-specific modes of failure, traffic loading and
material/regional factors

· However, while it provides criteria used for estimating design life under specific conditions,
in order to extend the existing database, it does require (i) a QA check of each raw test point
by a data analyst, (ii) use of proprietary software for non-linear back analyses (e.g. ELMOD)
and (iii) a reality check in relation to condition data. Because a parametric algorithm for
predicting the evolution of distress for network-wide prediction of performance is not
practical, a website has been established to enable users to generate outputs
independently.

.
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1.2 Background
This study of the region’s database of pavement structural data (from deflectometer testing) uses all
available historic structural testing to determine Regional Precedent Performance (RPP)
characteristics of local unbound granular pavements with chipseal or thin asphaltic surfacings. All
road hierarchies included in the historic testing and the schedule of current testing are represented.
If required, a list of carriageway sections that data is available for, can be matched against the road
hierarchy column defined by the RCA. RAMM and in house file information, is incorporated into the
pavement models during processing. Where there is no layer information available, the analyst
evaluates which pavement type is indicated and carries out sensitivity analyses. The process is
detailed below (Figure 2.3-4). After processing, the network is collated and precedent lines are fitted
to the cloud of points (RPP calibration process). The RPP Project, carried out over the last three years
implementing additional sensors, provides both regional and national benchmarks of structural
performance including the structural rehabilitation requirements and their priorities. The method
simply uses the concepts of the former “TNZ Precedent Method” preferred by the Transport Agency4

for rehabilitation projects where subgrade rutting is the dominant distress mode. The same
principles have been expanded to include multiple layers, multiple distress modes and all treatment
lengths within a regional network of roads rather than a single treatment length. The basic concept
is to evaluate all of the relevant structural parameters that govern pavement performance, including
the structural capacity of each treatment length, with the same parameters, evaluated in the same
manner for all other treatment lengths in the same network (or across other networks) that carry
the same traffic, then carry out systematic ranking of all treatment lengths in the network. While the
relative status is important to ensure systematic prioritisation of treatment lengths, the principles
applied also provide a definitive method of separating those treatment lengths that can be re-
surfaced from those that require structural rehabilitation. Final site validations are an integral part of
the process, and ideally all treatment lengths currently proposed for rehabilitation should be
reviewed in conjunction with the rehabilitation designers.

The results of the RPP study provide the “medium term” forward work programme for the region,
also setting out the relevant load damage exponents and consequent risks to roads exposed to
increased loading from High Productivity Motor Vehicles (HPMVs). All treatment lengths listed in the
standard output use only the “standard” traffic loading provided. Any alternative loading scenarios
e.g. for quarry or potential HPMV routes can be documented separately, provided the ESA or
relevant axle loads and tyre pressures are defined. In terms of rehabilitation, they differentiate
between those treatment lengths that require structural rehabilitation versus those that do not (i.e.
this study assumes routine surface maintenance or resurfacing requirements will need to be
considered separately, after visual surveys and consideration of surface condition data in RAMM).
Additionally, various alternative structural treatments are indicated for subsequent forward work
programmes.

Where multiple chip seal layers have accumulated to a substantial thickness, seal layer instability
presents a distress mode for the surfacing. During the implementation of the RPP Project (upgrading
the FWD with additional sensors, determination of dynamic as well as conventional pseudo-static
parameters and more comprehensive processing) techniques for evaluating the onset of seal layer
instability have been advanced. In some cases, the solution will not be replacement of the seal
layers, but recycling by cement stabilising of both the seal and basecourse. For this reason and
because modelling of this distress mode is still under development, seal instability in this report has
been evaluated separately rather than being categorised as either structural or resurfacing.

4 NZ Transport Agency NZ supplement to the 1999 Austroads pavement design guide http://www.nzta.govt.nz/resources/nz-supplement-
1999-Austroads-pavement-design/index.html
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1.3 Reality Checks
While the TNZ Precedent Method provides the basis of the analytical approach for the RPP study,
the calibration/validation phase is intensive, focusing on reality checks using (i) feedback from
experienced staff familiar with each network and (ii) next season’s rehabilitation programme where
it has been previously established using both historic performance and visual surveys. More detail is
contained in Section 3.

1.4 Scope and Status of the Study

Table 1.4-1: Status for each NZTA Region

Region

Number of Test
Points with

Detailed
Structural
Analyses

(FWD + TSD)

Number of
Test Points

with
Detailed

Structural
Analyses

Initial
Calibration

Field
Vali-

dation

NZTA
NZTA Region 01 Northland 7,360 + 49,584 56,944 13/11/2015
NZTA Region 02 Auckland 1,852 + 21,230 23,082 13/11/2015 ü

NZTA Region 03 Waikato 11,473 + 149,840 161,313 21/12/2015
NZTA Region 04 Bay of Plenty 5,461 + 63,889 69,350 13/11/2015 ü

NZTA Region 05 Gisborne 3,233 + 39,958 43,191 13/11/2015
NZTA Region 06 Hawke's Bay 4,996 + 57,721 62,717 13/11/2015
NZTA Region 07 Taranaki 1,438 + 32,367 33,805 TBC
NZTA Region 08 Manawatu-Wanganui 1,622 + 68,398 70,020 23/12/2015
NZTA Region 09 Wellington 2,254 + 26,089 28,343 TBC
NZTA Region 10 Nelson-Marlborough 4,067 + 81,742 85,809 TBC
NZTA Region 11 Canterbury 11,521 + 101,315 112,836 18/11/2015
NZTA Region 12 West Coast 8,302 + TBC 8,302 21/12/2015
NZTA Region 13 Central Otago 4,123 + 48,545 52,668 13/11/2015
NZTA Region 13 Coastal Otago 7,471 + 64,585 72,056 13/11/2015
NZTA Region 14 Southland 7,630 + 47,748 55,378 13/11/2015 ü

01 Northland

Kaipara DC Kaipara District TBC + TBC TBC TBC

02 Auckland

Auckland
Transport

Auckland Central 8,594 + TBC 8,594 13/11/2015

Auckland North 2,911 + TBC 2,911 13/11/2015

Auckland South 8,792 + TBC 8,792 13/11/2015

Auckland West 4,042 + TBC 4,042 13/11/2015
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04 Bay of Plenty

Westlink Western Bay of Plenty
District

3,345 + TBC 3,345 13/11/2015

Tauranga CC Tauranga City TBC + TBC TBC TBC

06 Hawke's Bay

Hastings DC Hastings District 7,519 + TBC 7,519 15/12/2015

Central Hawke's
Bay DC

Central Hawke's Bay
District

TBC + TBC TBC TBC

09 Wellington

Wellington CC Wellington CBD 1,469 + TBC 1,469 13/11/2015

Wellington Northern 8,916 + TBC 8,916 13/11/2015

Wellington Southern 5,707 + TBC 5,707 13/11/2015

11 Canterbury

Christchurch CC Christchurch City TBC + TBC TBC TBC

13 Otago

Central Otago DC Central Otago District 1,151 + TBC 1,151 13/11/2015

Clutha DC Clutha District 10,320 + TBC 10,320 13/11/2015

14 Southland

Southland DC Southland District 51,821 + TBC 51,821 13/11/2015 ü

Invercargill CC Invercargill City 1,691 + TBC 1,691 13/11/2015 ü

Gore DC Gore District 3,637 + TBC 3,637 TBC
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2 Results

2.1 General
The results are presented in the spreadsheet (Structural Treatment Length Table.xlsm) in
Appendix A, which presents the network data for the region. The first worksheet contains all roads
tested, with sub-regions separated in the subsequent worksheets. Road data, test results, total life
predictions, and rehabilitation options are itemised in it in a tabular form and ordered by priority for
rehabilitation. Several diagrams, graphs and tables have been created to present overviews. The
carriageway treatment lengths given in RAMM are not always appropriate for structural (as opposed
to re-surfacing) treatments and hence have been sub-sectioned for some roads, to provide
“Structural Treatment Lengths” (STL) being the intervals over which the structural capacity is
uniform and hence one specific form of structural treatment should be applied between the
specified start and finish of the STL. The STLs are generated by modelling, hence shorter or longer
lengths may be more appropriate after confirmation of the extent and severity of the principal
distress modes at the time of the visual survey.

2.2 Empirical Design Parameters
The methodology used in this study, can be simply visualised by using traditional empirical
parameters such as Benkelman Beam Deflection and CBR. (Equivalent values of both can be
determined from FWD results.)

If the beam (central) standard deflection is plotted against 25-year traffic (in terms of Equivalent
Standard Axles, ESA) for a large number of test points within a roading network that has been
subject to progressively increasing traffic over several decades and maintained to a satisfactory level
of performance over that time, then a distinctive trend is typically found to which a characteristic
upper bound can be delineated.

A predominant upper bound can be defined towards the upper limit of deflection that gives
satisfactory performance, because most pavements that do not give satisfactory performance will
have been rehabilitated over the years, eliminating most of the higher outlying data points. (The
lower bound is not so distinctive because these represent over-designed pavements which will not
be treated, hence all the lower outlying data points will remain with random distribution.) A
conservative upper bound determined in this manner provides a key indicator of precedent
performance for the network, so long as sufficient data points have been assembled.

An improved indicator can be obtained by using additional parameters, and if only beam deflections
and penetrometer testing are available (for CBR estimation), that will give much greater reliability,
than using beam deflection alone. Multiple variables greatly improve the sharpness of the upper
boundary, allowing a more definitive criterion to be established. Because both deflection and
subgrade CBR can be determined from FWD testing, a full set of Deflection/CBR empirical design
curves can readily be assembled for the entire network (local roads and highways):
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Figure 2.2-1: Beam Deflection, 25 year ESA and alternative CBR values, Local Authority Network

Some authorities specify an acceptable 90 percentile Beam deflection for new roading projects
(subdivisions), in other words acceptance of a new road is sometimes based on traffic (ESA) and only
one parameter (standard deflection). The necessary testing for deflection and CBR is readily carried
out and well understood by most contractors, so there is no difficulty in making the shift to multiple
parameters for design. By using the above curves with two relevant parameters rather than one,
councils can greatly improve efficiency as well as increased reliability.

The same methodology illustrated above for two empirical parameters, has been used with the large
number of parameters that can be extracted from FWD back analyses of deflection bowls, to
establish multiple relevant criteria based on stresses, strains and moduli of the various layers, (i.e.
enabling mechanistic design). Where large databases exist, rather than using criteria based on just
one or two variables, data mining techniques have now allowed much more reliable design for our
larger networks by extracting multiple parameters. In the early stages of the study, pavement life
was determined from 2 parameters, but wider analyses soon increased this to 4. (Many more have
been explored, from the 100 plus parameters generated from each FWD test.) There is no limit to
the number of parameters that can be incorporated when mining a large database. With this
extension, the principles5 used in this Regional Precedent Performance approach are the same as
described for empirical parameters in this section. A PowerPoint presentation is available to provide
further explanation.

2.3 Mechanistic Design Parameters
Empirical parameters such as deflection, which have been in use for many decades, are still current
in the Austroads Guide, e.g. granular overlays for all of the region are shown below as a function of

5 GeoSolve (2014) Optimising Pavement Design and Asset Management Using Regional Precedent Performance : Lessons from in situ
testing of New Zealand road networks and Long Term Pavement Performance Sites with application to both the state highway network and
local authority networks
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depth to subgrade and subgrade modulus (= 10 x CBR) using the empirical central deflection
method.

Figure 2.3-1: Granular Overlay Austroads 2011 (Part 5), Local Authority Network

The same presentation can be done based on Austroads subgrade strain criteria, (rather than
deflection for calculating overlays). The consequences of using a more rational criterion than
deflection are that more economic solutions are indicated as shown by the reduced overlay
thicknesses as coloured below:

Figure 2.3-2: Granular Overlay Austroads (GMP), Local Authority Network

Many different criteria for pavement design are used worldwide, as shown in the following
collection of subgrade strain criteria. The point of note is that for a given typical in-service subgrade
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strain level of say 1000 microstrain, it is clearly evident from the intercepts of the design curves, that
the corresponding range of pavement life, could vary from 3x 10-4 ESA to 7x 10-6 ESA depending on
which design guide is adopted, i.e. a factor of more than 200.

Figure 2.3-3: Contrasting alternative subgrade strain criteria in common use

This illustrates the very substantial potential for cost savings (and/or more reliable designs), that can
be obtained by giving due consideration to the lessons from precedent performance of pavements in
the specific region and climate of interest. One step forward (while still using only a single
independent variable) would be to systematically determine which of the above lines best
represents the region of interest. More substantial steps forward are provided by incorporating each
(and every) additional independent parameter that can be proven to govern performance in the
particular region.

Initially a single “national” network precedent model for “typical” subgrades (excluding volcanic
ashes) throughout the country was considered, but it has become clear, not surprisingly, that the
regions are distinct, i.e. different design criteria apply. The combinations of climate, spectrum of
traffic loads, nominal coefficients used for calculating ESA, subgrade types, aggregates, construction
practices, drainage provisions, frequency of resurfacing, and other maintenance practices that apply
in the different regions result in the need to calibrate each region separately. The distinctions
between New Zealand and Australian unbound pavements are even wider because there are
considerably larger differences in climate, load patterns and aggregate specifications.

The national database of FWD testing has the advantage that the same software package (ELMOD)
has been used over the 20 years that the structural analyses were accumulated, all using the same
systematic QA process. ELMOD has advantages over most other software packages in that it is
ideally suited to unbound granular pavements and very effectively determines any non-linearity
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(stress dependence) in the subgrade modulus. The majority of New Zealand unbound granular
pavements6 do exhibit non-linearity and if this characteristic is ignored, determining the
contributions of each the overlying layers to the total surface deflection will be incorrect and hence
unrealistic layer moduli are generated, especially for the basecourse.

After inputting relevant pavement layer information from RAMM, test pits, coring and penetrometer
tests, where available, the successive (2 or 3) impacts normally carried out for each FWD test were
examined to correct any anomalies and establish the most rational pavement layer model with
respective layer moduli consistent with all available information. The key issue with bowl fitting is
that good fits can be generated by more than one combination of layers and moduli. An example
below shows a matrix using just 2 of the variables (in the set of 4 or more unknowns when back-
calculating moduli from a deflection bowl), that provides the closest fit (darkest green). There is
seldom a well-defined target. However, as more data are processed from any one region, the
judgement of the analyst improves progressively, and once the database grows to tens of thousands
of FWD points, the significance of those individual bowls which present multiple bulls-eyes (or have
been even more difficult to fit, as illustrated) will provide minimal bias to the bulk trends.

Figure 2.3-4: Illustration of curve fitting regions for a two-variable matrix (dark green indicates the multiple
combinations that provide the best fit)

The structural database effectively collates the outcome from many decades of pavement network
practices: the decisions of a long series of pavement designers and the results of all construction and
maintenance.

Data mining (of over a million structural analyses) with more than 80,000 bowls from the region was
carried out to examine the characteristics of all commonly adopted mechanistic parameters.
Austroads’ expectation for performance of unbound granular pavement is based primarily on
limiting vertical compressive strain in the subgrade. However, examination of the precedent

6 Tonkin & Taylor 2006. Modulus non-linearity in New Zealand pavements
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performance of existing unbound granular pavements in various regions throughout the country
confirms that there are at least 4 or 5 mechanistic variables governing pavement life. Also a
significant number of unbound granular pavements experience terminal distress in a layer other
than the subgrade. Two or three parameter models are being used overseas, (e.g. as well as strain or
stress, layer modulus is being added in European and North American practice).

An extension of the Austroads model (using a 1 ESA traffic loading) and the corresponding limiting
compressive vertical strain for subgrades and unbound basecourses based on precedent
performance are shown in the graphs below (Figure 2.3-5 – Subgrade; Figure 2.3-6 – Basecourse).

The iso-traffic (MESA) lines (determined as discussed in Section 2.2) are indicative of the expected
upper limits for the design of unbound granular pavements using the Regional Precedent
Performance (RPP) Method. (There are few pavements with traffic greater than 3 MESA at present,
so higher values have been nominally extrapolated.)

Figure 2.3-5: Allowable compression under 1 ESA loading – Subgrade, Local Authority Network
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Figure 2.3-6: Allowable compression under 1 ESA loading - Unbound Basecourse in upper layer, Local
Authority Network

The iso-traffic (MESA) limits show that higher vertical compressive strain can be tolerated with lower
traffic, as expected. Also, comparing the two figures with each other, it is apparent that the
basecourses tolerate higher values for compression than the subgrades as would reasonably be
expected given the selection of higher quality material.

For quality control, the graphs can be also used as a simple check, in combination with FWD testing,
to determine whether any new construction or rehabilitated treatment length, meets the standard
requirements for adequate performance in the regional network. This check provides an RCA with a
state of the art definitive measure for acceptance or otherwise of new or rehabilitated pavements.

To revert to the Austroads procedure with only one variable (vertical strain in the subgrade), it is
simply a matter of setting the iso-ESA lines parallel to x axis then attempting to determine an
approximate y intercept that relates to the bulk of the data. However, it will be self-evident, (e.g.
from Figure 2.3-3) that attempts to correlate with lines parallel to the x axis will give substantially
less satisfactory fits to this extensive band of real data, with consequent under and over design for
the great majority of points.

Repeating the calculations for overlays using the RPP method, and presenting in the same form as
Figure 2.3-1 and Figure 2.3-2 at the start of this section, results in:
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Figure 2.3-7: Granular Overlay RPP Fatigue Method, Local Authority Network

Figure 2.3-8: Granular Overlay Austroads 2011 (Part 5), Local Authority Network

Figure 2.3-9: Granular Overlay Austroads (GMP-Rigorous) Subgrade, Local Authority Network
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The same graphs for the region’s state highways are shown for comparison below.

Figure 2.3-10: Granular Overlay – RPP Fatigue Method, Regional state highway comparison

Figure 2.3-11: Granular Overlay - Austroads 2011 (Part 5), Regional state highway comparison

Figure 2.3-12: Granular Overlay - Austroads (GMP), Regional state highway comparison
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Each set of 3 graphs (local roads and state highways) shows there is a very substantial difference in
total overlay required on the network, depending on which calculation is adopted, with the greatest
overlays using the Austroads 2011 (deflection criterion), then the Austroads GMP (subgrade strain),
then the RPP method (multiple criteria). (One implication of the deflection method is that design
practice appears to have been much poorer with soft subgrades than on stiff subgrades from the
concentration of thick overlays on the left side. Other interpretations are that this bias is a result of
the weaker subgrade stiffness, or as explored below, the deflection method itself is questionable.)

By considering the indicated distributions of overlays and their thicknesses, experienced local
engineering staff with a long history of working with each network have been particularly helpful
when evaluating the relative merits of these three alternative design methods.

2.4 Design Criteria for Thin Asphaltic Surfacings
An additional check for roads with thin asphaltic surfacings (≤ 40mm) may be obtained from the
following figure. Figure 2.4-1 shows precedent performance limits for the 25 year traffic (MESA). The
most relevant parameters found for determination were the Horizontal Strains at the Top and at the
Bottom of the Surfacing.

Distress consequence here is usually cracking (or ravelling for OGPA) which becomes the trigger for
resurfacing.

Figure 2.4-1: Precedent Performance Design Criteria for Thin AC, Local Authority Network

It is important to appreciate that the limits shown use the 25-year traffic (MESA) as a convenient
measure of loading for structural design of the pavement based on rutting/roughness progression,
but environmental ageing will dictate more frequent intervals for re-surfacing.
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2.5 Overview of Pavement Structural Life
Pavement ‘Life’ (Remaining Life), as discussed in this report relates to the ‘Resurfaced’ Structural Life
of a pavement, given the layer configuration of the particular treatment length at the time of FWD
testing, as far as the pavement structural capacity is concerned, and assumes the pavement surface
is planned to be maintained and periodically resurfaced to a near-new condition (with minimal
accompanying change in structural capacity) and maintenance/resurfacing practices will continue to
be applied in the future, as they have been in the past. Life may be qualified with “Structural Life”
where there is also reference to surfacing life, to avoid any ambiguity.

Economic Life is used where the trigger for rehabilitation is excessive maintenance costs, and in
practice this is likely to mean that multiple distress modes will combine to trigger intervention. The
Total Life is of less relevance to this study of unbound granular pavements as it applies particularly
where there are bound layers, and is the life from new or from time of last structural rehabilitation if
regular maintenance and resurfacing is carried out.

2.5.1 Structural Life, Distress Modes and Terminal Conditions
As repeatedly emphasised by Patrick7, 8 and others, it has been demonstrated that few New Zealand
pavements attain a terminally high severity of rutting because regular maintenance as well as pre-
sealing repairs, limit rut depths, therefore roads are more likely to be rehabilitated for basic
economic reasons, usually because the net present value of predicted future maintenance costs
exceeds rehabilitation cost. It is significant that the precedent study of fatigue parameters using a
sufficiently large number of test points from a roading network that has been in place for some
decades, can be carried out without necessarily requiring accurate definition of the current
condition or nature of current distress. The strength of the procedure is that it defines critical values
for deformation parameters in a mature network of unbound granular pavements, and these can be
inherently inclusive of all possible structural distress modes if the analysis is done for stresses and
strains in all layers. The network precedent basis of the RPP enables estimation of a robust lower
bound estimate for the cumulative traffic (ESA) before predicted future maintenance costs will be
excessive, i.e. it quantifies the probable economic life. The derivation also allows the bound to be
readily adjusted to provide any required percentage reliability, or for a given thickness of overlay, to
determine the probability of premature distress.

Therefore, RPP analysis can be utilised to generate either a series of specific fatigue criteria that will
result in a terminal condition for any layer (including the surfacing) or the life until a terminal
condition is reached on economic grounds. Whichever mode applies, the end result is a trigger for
rehabilitation, when running the Forward Work Programme model. Using these concepts allows the
RPP model for pavement life prediction in terms of distress mode9 (established from NZ LTPP sites,
CAPTIF accelerated pavement testing and studies of premature distress on NZ state highways) to be
adapted to incorporate the following terminal conditions:

Surfacing distress modes

(i) seal deformation (more likely as multiple seal layers accumulate)
(ii) flexure (cracking in seal or thin AC)
(iii) ravelling
(iv) seal flushing

7 Bailey, Patrick & Jackett NZTA RR 259
8 Arampamoorthy & Patrick NZTA RR 421
9 Salt & Stevens, 2006 (& updates)
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Structural distress modes

(i) aggregate rutting (basecourse and/or subbase)
(ii) shallow shear (shoving) of basecourse or subbase
(iii) aggregate instability with excessive water; shoving/potholes
(iv) aggregate degradation
(v) cracking (conventional, bottom up) of bound layers
(vi) flexure (top down cracking) of bound layers
(vii) subgrade rutting
(viii) subgrade shear
(ix) roughness progression

Economic triggers

(i) excessive maintenance costs for the surfacing
(ii) excessive maintenance costs for the structural layer(s)

(15 distress modes for consideration, many of which will act in combination.)

The maintenance costs will often be caused by the cumulative deformation induced by two or more
different distress modes in combination (e.g., predominantly roughness and shear instability would
be the inferred modes in the example below). If maintenance costs are predominantly due to non-
structural modes, then the maintenance cost progression model may not be relevant, but in that
case resurfacing would be required rather than structural rehabilitation.

This set of terminal conditions may be used to systematically evaluate pavement life for each
distress mode with the minimum life determining the critical (governing) mode, as illustrated
conceptually below.

Figure 2.5-1: Pavement structural distress modes including “Maintenance Costs”, for Forward Work
Programme Model
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The steps represent reseals and pre-seal repairs. Time intervals between reseals are likely to be
decreasing progressively. Patrick considers that in some cases, these can cycle almost indefinitely
with no ongoing increase in rutting or roughness, accompanied by little or no increase in
maintenance cost (similar to the perpetual pavements concept for bound layers). However, seal
instability can then develop (encompassed by the shear mode in the above model), and if not, shear
instability from basecourse degradation is probably inevitable. For multiple seal layers, while
instability may develop within the surfacing, the solution is classed by Gray10, and others as
rehabilitation treatment rather than re-surfacing as the cheapest measure may be to cement
stabilise the seal into the basecourse (recycling).

There are of course many additional distress modes (over 20 identified by Dawson11, 12). Some of
these, e.g. foundation settlement (consolidation at depth due to surcharge) and foundation
landsliding, may have been instigated by pavement surcharge and can therefore trigger structural
rehabilitation but they are not directly related to traffic loading and are hence not considered in the
structural model. Similarly, the other various forms of surfacing distress are not considered as they
do not require structural rehabilitation.

Using the RPP estimate of economic life in conjunction with modelling the other structural distress
modes (rutting, roughness, shear instability, cracking and flexure) allows asset managers to
substantially extend the number of years for which modelling of a Forward Work Programme can be
reliably projected.

2.5.2 Life Calculation
Network structural rehabilitation rates in this country are typically 0.5 to 2 percent per year (i.e.
average life of 200 to 50 years respectively). For this reason, the model has been run for a nominal
200 years, while recognising that performance predictions exceeding about 10-20 years become less
reliable, due to the influences of assumed traffic spectra, growth, maintenance practices etc.

Pavement life can be inferred from mechanistic methods on the basis of the allowable number of
repetitions for a specific level of strain, measured in the early years after initial construction, i.e.
fatigue models. In an unbound granular pavement, when only the subgrade strain is considered, the
strain can be measured also in a mature pavement. However, if other layers are considered then the
basecourse strain, in particular, is likely to change somewhat as the pavement degrades under
ongoing traffic loading.

The principal parameters for benchmarking that can be extracted are the percentage of network
overdue for structural rehabilitation (current backlog), short term rehabilitation rate, average life
(and hence average rehabilitation percentage per year) and median life. Some backlog will always be
present as a result of trade-off between level of service and cost efficiency. It is also possible to infer
the historic growth rate of loading (increase in ESA/year) where there is comprehensive data.

As well as traffic growth, the adopted ESA/Heavy ratios for each network are parameters that are
important to define well for benchmarking. Until recently, the accuracy of analyses did not warrant
close attention to such variables, as they have little impact on relativity within an individual network.
However, when benchmarking one network against another, or attempting to use the same RPP
criteria in adjacent networks, traffic growth and ESA/Heavy are the fields that now dictate the
ultimate accuracy of outputs. For this reason, it would now be timely to revisit the derivation of the
parameters in Table 2.5-1 for the region.

10 http://www.NZTA.govt.nz/resources/chipsealing-new-zealand-manual/docs/12-chipseal-failures-and-repairs.pdf
11 Dawson A. 2002 Briefing pavementanalysis.com/papers/documents/pavementsworkshop02/briefing.pdf
12 Dawson A. 2002. Outcomes pavementanalysis.com/papers/documents/pavementsworkshop02/outcomes.pdf
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Table 2.5-1: ESA parameters contained in RAMM as at 2014

The differences in the HCV2 factors alone appear considerable, i.e. could affect the ESA calculation
by a factor ranging from about 0.8 to 1.5, i.e. in either direction depending on the classification of
heavies.

The ESA/Heavy factors for the NZTA highway network are currently assigned on the recommended
presumptive values from Austroads and NZTA (Supplement):

Table 2.5-2: Traffic Load Distribution and Damage Indices

Traffic Load
Distribution

NHVAG Damage Index

ESA/HVAG ESA/HV SARa/ESA SARs/ESA SARc/ESA
TNZ 2007 Rural 2.4 0.61 1.4 1.03 1.23 3.62
Austroads Rural 2.8 0.9 2.5 1.1 1.6 12
Austroads Urban 2.5 0.7 1.8 1.1 1.6 12

The following shows that the calculated Equivalent Standard Axle load per Heavy Vehicle Axle Group
(ESA/HVAG) for any road will increase significantly as the load damage exponent increases, hence it
is important to also revisit the question of what load damage exponent is used as the default in
RAMM. (Further details on correct exponents are given below.)

Table 2.5-3: Effect of increasing load damage exponents on ESA/HVAG; Inferred trend from TNZ (NZTA);
Supplement to Austroads 2004

Implied Effect of
Load Damage

Exponent
ESA/HVAG % Increase

Load
Damage

Exponent

4 0.61 0%
5 0.63 3%
6 0.67 10%
7 0.75 22%
8 0.85 40%
9 1.01 66%

10 1.25 105%

An overall picture of pavement structural life is given in the following figures as a cumulative
distribution and also as histogram. It is important to note that the RPP method assumes that both
rehabilitation and maintenance practices will be the same in future, as they have been in the past.
Where lesser standards apply, life predictions will be over-estimates. The figures do not take any

RAMM ESA/
Heavy Factors

Rural
Roads Highways Urban

Roads

Vehicle
Classes

MCV 0.30 0.20 0.37
HCV1 0.70 0.64 0.90
HCV2 3.00 1.97 1.84
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account of the subsequent life cycle, and if the current median life of 55 years were to be adopted
for future designs, then the plots would be valid for at least that period. However, the implications
of designing to 25 years are that the current plots would only be valid for 25 years, because beyond
that period, second life cycle rehabilitations would be added to the existing histogram (roughly
doubling the indicated rehabilitation rate from 25 to 50 years, then trebling it from 50 to 75 years.
This highlights the importance of long term planning and due consideration of the appropriate
discount rate used in net present value calculation. Today’s legacy will continue to be consumed
with a 25-year design life policy. For it to be perpetuated, it would require approximately a 60-year
design life in this region. The MRWA Australian 40-year policy could also be a consideration.

Figure 2.5-2: Cumulative Distribution - Life (Years) – RPP Economic, Local Authority Network

Figure 2.5-3: Histogram – Life (Years) - RPP Economic, Local Authority Network
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It is important to note that for construction practicality, when an area wide overlay treatment is
adopted, in most treatment lengths the entire length will not be at a terminal distress condition, as
natural variability will usually result in discrete intervals within it that exhibit lesser or no severity. In
many cases only one lane will be in a terminal condition, yet both would be included in an overlay if
that is the optimum solution. Therefore, the percentage of the network, which will in practice
receive overlay or reconstruction, will be greater than that indicated by the RPP method by a factor
which will reflect the road category, as the level of serviceability acceptable will vary. This terminal
service percentage would vary from about 10% or less on motorways, to 50% or more on a local
road with low traffic. For roads where loaded traffic runs predominantly in one direction and overlay
is proposed, much lower percentages can apply. The economics of overlay versus patching or
stabilisation of just one lane will therefore affect the percentage. A study of the variability of
terminal distress should soon allow quantification of the relevant percentage at terminal condition
for each road category, to factor the above lower bound results. This factor is the same as used in
the original “TNZ Precedent Method” for project level rehabilitation, which recommends a default
value of 50%, i.e. effectively doubling the percentage of the network that would receive
rehabilitation each year. For this reason, the RPP percentages discussed below, should be regarded
as lower bounds for structural treatment.

In the next 10 years, lower bound rehabilitation rates are expected to be about 0.8% per year. This
assumes the same level of routine maintenance and same level of service that applies at present, is
continued. The model should provide realistic lower bound estimates of rehabilitation rates in the
short term (next few years) but in the longer term, rates will tend to increase. This is because the
current model currently incorporates distress modes of basecourse aggregate degradation and
instability of multiple seal layers only indirectly (in the surfacing flexure model) rather than explicitly.
Better calibration is needed to address the contributions of these two distress modes from historic
rehabilitation projects. After a life of about 70 years or more the stability of multiple chip-seal layers
will become an issue, with “recycling” (cement stabilisation) being the adopted rehabilitation
method in some areas. At this stage, a seal instability model using FWD parameters has been trialled
but considered separately in current outputs for structural treatment until sufficient field verification
has been carried out. Earlier in the study, candidate roads in the North Island which were nominated
by maintenance personnel as being at the end of their lives due to seal instability were investigated,
but after FWD testing it was established that one of the other distress modes was in fact the reason
for the terminal condition in each case. Further work is clearly required with more field verification
and feedback necessary for the provisional FWD RPP multiple seal layer model. Instability of seal
layers has been addressed by others with traditional dTIMS resurfacing models using 70 mm as a
cutoff for where rehabilitation should be considered. (Assuming that some verification of seal depths
reported in RAMM is carried out.) However, including other variables, such as binder type, climate,
subsurface drainage, moduli or strains within the surfacing could benefit the dTIMS model.
Integration with the RPP approach may therefore be worthwhile.

No allowance for change of loading (e.g. new industries creating large increases in loading on any
road) has been considered and a judgement estimate will be required for this effect for any affected
roads. The structural model can be readily re-run where re-defined ESA can be advised for any road
or routes.

Instead of using precedent performance to assess pavement life, an alternative perspective is
provided using standard Austroads predictions as in the following figure which indicates that in this
case, a broadly similar long term rehabilitation rate is predicted with this model. (Although different
treatment lengths are often involved.)
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Figure 2.5-4: Histogram - Life (Years) - GMP Rigorous, Local Authority Network

The corresponding figures for all of the state highway LTPP sites (excluding those with recent
volcanic ash subgrades), and the regional state highway dataset show that significantly higher
rehabilitation rates are predicted there in the short to medium term if the same regionally calibrated
fatigue criteria are applied throughout. Therefore, the databases from each of the 4 RCA’s in the
region were assessed individually. Using the largest dataset as baseline, the apparent findings of the
precedent performance analyses were that allowable strains in the top of the subgrades were higher
by a factor of 1.24 for the state highways, and by factor of 1.21 for regions nearby.

As that implication is not credible for the contiguous districts, the more likely inference is that the
ESA calculations (computed in three different ways by the four authorities) will be the principal
reason for inconsistency. Confirmation is given by the relativity of the conversions given in
Table 2.5-1. While a difference in allowable strain of 21 to 24% is not large in itself, after applying an
exponent of typically 6 to 9, it will be appreciated that the resulting impact on pavement life will be
an error of 300 to 700%. Hence it will be highly advantageous to establish a nationally consistent
database of comparative loadings (ESA). In the following figures, the respective (different) allowable
strains have been applied.

Figure 2.5-5: Histogram - Life (Years) - RPP Economic, LTPP site comparison
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Figure 2.5-6: Histogram - Life (Years) - GMP Rigorous, LTPP site comparison

Figure 2.5-7: Histogram – Life (Years) - RPP Economic, Regional state highway comparison

Figure 2.5-8: Histogram - Life (Years) - GMP Rigorous, Regional state highway comparison
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An overview of the same data using cumulative distributions is given below.

Figure 2.5-9: Comparisons of predicted pavement life based on regional precedent performance

2.6 Overview of Structural Overlay Requirements
The following graphic displays an alternative performance overview of the local authority network
showing the Design Traffic (25 years) and the Life (NZ RPP Method) on the axes and colour coding
the test points by the thickness of Granular Overlay needed to achieve 25 years of life. No overlay
(shown green) is needed if the pavement life is predicted to exceed this timeframe. Also, if adjacent
test points require no overlay, then clearly stabilisation patches or digouts rather than overlay would
probably be adopted after visual survey. Calculated overlays less than 50 mm are adjusted to 0 mm
or a nominal 50 mm.

The values used in Figure 2.6-1 can be found in the accompanying spreadsheet [in Columns
AQ (Life - RPP Fatigue), K (Design Traffic) and AZ (Granular Overlay)].
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Figure 2.6-1: Granular Overlays (all local roads), Local Authority Network13

Figure 2.6-2: Granular Overlays, LTPP site comparison

13 Note, anomalous concentrations of points are due to rounding/truncating used during processing and will be refined in future outputs.
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Figure 2.6-3: Granular Overlays, State highway comparison

These diagrams are provided solely for an overview, but for implementation, the same chart is
presented on a functional Excel spreadsheet in Appendix A with the specific information for each
test point (road, chainage, overlay thickness etc.) being identified on mouse-over. This is also
duplicated in table form, in order of priority, for each treatment length. The reason for this form of
overview presentation is that (i) it gives asset managers a means of immediately focusing on priority
sections for structural rehabilitation (the top left corner of the plot, being those roads with least life
yet most heavily trafficked). (ii) Individual roads with highest proportions of weak pavements can be
readily identified (by density of colours along a single row). (iii) By applying filters to the spreadsheet
plot, a rapid comparison between any sub-regions of the network can be made. (iv) By looking at the
same results from other networks, an asset manager can consistently benchmark one network or
sub-network against another, or other networks nationally.

A quantitative summary for both networks is given in the following plots, showing that in order to
bring every treatment length in the network up to a standard of having a minimum of 25 years life,
96 percent of the local authority network sample requires no structural overlay (using the RPP
fatigue criteria and ignoring the more conservative economic model). The remaining 4% requires
overlays of mostly up to 100 mm, but the majority are very thin (a nominal 50 mm of AP 20 would
suffice in theory) although a thicker layer of AP40 is usually adopted in practice (particularly if
shallow shear is predicted, Column Y). For a simplistic measure for benchmarking networks, if all the
overlay requirements are summed, then the proportion of the local authority network that requires
an average of 100 mm overlay would be 3%. (Note that overlay volume of material using the
standard criteria for Austroads design, is calculated to be 50% larger. This difference is a substantial
saving that is also entirely consistent with experience, as reported in relation to reductions of
Austroads design overlay thicknesses, implemented following recent reviews.)

The corresponding graph for the LTPP sites indicates that 17% of the network requires overlay, (but
mostly very thin) and the percentage of the network requiring a nominal 100 mm overlay is
approximately 14%. In practice some of the treatments selected after visual survey and detailed
design, may well be isolated digouts or stabilised patches, but quantification as percentage of the
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network requiring a nominal 100 mm overlay, provides a convenient comparative measure that is
now very readily computed, for direct benchmark comparison between regions or sub-networks.

For the regional state highways approximately 2% of the network requires overlay. The percentage
requiring a nominal overlay of 100 mm is about 2%.

Figure 2.6-4: Cumulative Distribution of Granular Overlays (RPP Method), Local Authority Network

Figure 2.6-5: Cumulative Distribution of Granular Overlays (RPP Method), LTPP site comparison
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Figure 2.6-6: Cumulative Distributions of Granular Overlays (RPP Method), State highways

Figure 2.6-7: Histogram of Granular Overlays (RPP Method), Local Authority Network

Figure 2.6-8: Histogram of Granular Overlays (RPP Method), LTPP site comparison
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Figure 2.6-9: Histogram of Granular Overlays (RPP Method), State highway comparison

Overlays can be determined with a wide variety of methods (three of which are Austroads based, as
well as Precedent Performance methods favoured by the Transport Agency). It is clear that those
points which need overlay and the thickness of overlay needed at given points, show large
discrepancies between different design methods at some locations on the local authority network,
and such sites are valuable for calibrating the RPP model. Road 1 is a notable example.

Figure 2.6-10: Differences in overlays required with different design methods

Road 1
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Reasons for the very poor consistency are that the Austroads models (dating back 20 years) have not
been updated to current European or US practices and are frequently found to be too conservative14

for New Zealand for local conditions. Austroads design procedures are not consistently conservative
though, as under-designs result also (especially where shear rather than compression dominates).
Further details are given in Section 2.9. The above diagram makes it clear there is the potential for
significant reductions in overlay thickness, and consequent cost savings made by embracing a design
method that gives due regard to regional precedent performance. In practice, overlay thicknesses in
this region are frequently 100 mm less, using the precedent method compared with that using
Austroads. This facilitates either immediate cost savings or spreading the same budget so that the
length of roads that can be rehabilitated in any year can be increased. The difference in material cost
would need to be balanced against the difference in pavement life (i.e. 25 years versus possibly
twice or three times more for the thicker alternative overlay).

2.7 Subsurface Drainage
Installing or maintaining drainage systems in pavements is often the single most effective measure
that can provide maximum benefits at minimal cost. Surface drainage priorities can usually be
addressed by visual inspection. However, until now, no rapid non-destructive test that positively
identified the degree to which subsurface drainage would be beneficial has been available. Recent
advances to gather relevant information have been made using FWD procedures which were
adopted for the regional study. The principles used are described below.

A pavement with relatively low water content (high air voids) will experience vertical compression
beneath an FWD plate loading and minimal lateral deformation because there are high lateral
confining pressures provided by the compacted pavement layers. However, a pavement with high
water content (no air voids) is composed only of very low compressibility materials under dynamic
loading. Therefore, a rapid vertical loading test (such as the FWD impact applied to a fully saturated
pavement) induces deformation but with little net change in overall volume. This means that vertical
compression that reduces the volume of material beneath the plate must be accompanied by a
similar volume change causing bulging of material laterally beyond the plate perimeter. At the same
time pore pressures are transmitted by hydraulic shock, far beyond the plate perimeter in the
pavement layers, reducing the effective lateral confining stresses and hence reducing layer moduli.

These effects have been analysed from sensors included with the FWD test and can now be routinely
quantified for each test point, to estimate the probable average in situ saturation at the time of the
test. This provides a key measure for alerting maintenance teams to those locations where minimal
expenditure would be expected to have large effect. Estimated “probable” saturation percentage is
now reported in the Structural Treatment Length table: Column AT.

14 This is the reason for the Transport Agency’s continuing promotion of the TNZ Precedent Method for overlay design, a concept that
offered large cost savings, first promoted by Norm Major in the early 1970’s because it typically establishes that ideal overlay thicknesses
should be only one third to a half of those determined using the Austroads criteria
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The routine used to generate a measure of subsurface drainage in terms of both potential for
benefit and priority for maintenance uses the following indicators which can be deduced from the
modified FWD test and supplemented with other RAMM data:

1. Low subgrade modulus (CBR)

2. Marked apparent non-linearity (stress-dependence) of subgrade

3. High lateral deformations under FWD plate impact

4. Rut depth in left wheel path significantly greater than the right.

5. Predicted Life (RPP) less than 25 years (used for priority).

6. Intended design traffic -MESA (used for priority).

There will be exceptions where the algorithms developed so far, can sometimes infer high drainage
potential incorrectly hence it must be regarded as a “probability” of saturation only. All flagged sites
should be verified by visual inspection, bearing in mind the other causes, such as buried topsoil
(which provides a response similar to that arising from non-linearity), or unstable rounded gravels
will trigger the current algorithms. It may also be that weather immediately prior to the time of FWD
test may not have been typical. This is a new technique which is being progressively improved.
Calibration for any area, can be promoted readily with any feedback to the analysts.

An informative overview presentation of drainage status for any network is given on the following
graph, where the colours relate to the priority for maintenance. Green indicates zero expected
benefit from drainage, with the rest of the colour scale through to black, defining those locations
with progressively higher priority for subsoil drainage. While the predominance of green colours
demonstrates that the vast majority of the network requires no drainage maintenance, there are
clearly a considerable number of isolated points with maximum priority rating. The axes below are
such that those points closest to the top left corner (where traffic is highest and pavement life is
least) will necessarily warrant the highest priority where budget is limited. For implementation, this
graph is included as a functional spreadsheet in Appendix A, where the road name and location are
displayed on mouse-over. Alternatively, drainage priorities can be viewed on the Structural
Treatment Length Table in Column AU which identifies the likelihood that drainable water was
present at the time of testing, while Column AV ranks each STL by highest benefit from dewatering.
(The current weightings used can soon be refined with feedback from each region.)
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Figure 2.7-1: Life (Years) - Drainage – 25 Year Traffic (MESA) – Priority (Local) for Drainage, Local Authority
Network

Figure 2.7-2: Life (Years) - Drainage – 25 Year Traffic (MESA) – Priority (Local) for Drainage, LTPP site
comparison
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Figure 2.7-3: Life (Years) - Drainage – 25 Year Traffic (MESA) – Priority (Local) for Drainage, State highway
comparison

The above presentation also shows all locations where drainage should be of benefit, including those
pavement intervals which have substantial life, on the basis that if any maintenance is being done
there may be only a minor cost to extend drainage laterally at the same time to include adjacent
sites that may have longer than 25 years life. The local drainage priority colour is independent of
traffic loading (although that is still evident from the ordinates).

However, an alternative network drainage parameter to compare subnetworks, or various regions
from a national benchmarking perspective, can be obtained simply by weighting the local drainage
priority by the traffic loading and ignore all sites which have more than 25 years life (even though
drainage would be beneficial). This allows regions to be benchmarked and prioritised nationally for
funding of drainage maintenance using a relevant parameter which can be derived using a single
algorithm which examines all available data, enabling decisions on the same basis for all roads in all
networks.

The priority for drainage on a network level is given below for local authority network, alongside the
regional state highway and LTPP sites for comparison.
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Figure 2.7-4: Life (Years) - Drainage – 25 Year Traffic (MESA) – Priority (Network) for Drainage, Local
Authority Network

Figure 2.7-5: Life (Years) - Drainage – 25 Year Traffic (MESA) – Priority (Network) for Drainage, LTPP sites
comparison
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Figure 2.7-6: Life (Years) - Drainage – 25 Year Traffic (MESA) – Priority (Network) for Drainage, State highway
comparison

Figure 2.7-7: Histogram - Drainage Priority (Network), Local Authority Network

Approximately 4.7% of the network can benefit from subsurface drainage and the average severity is
about 0.9 giving a weighted drainage benefit potential of about 4.2 (4.7 x 0.9).
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Figure 2.7-8: Histogram - Drainage Priority (Network), LTPP site comparison

Figure 2.7-9: Histogram - Drainage Priority (Network), State highway comparison

Compared with the state highway network sample from the LTPP sites, a proportion (18%) of this
network sample can benefit from subsurface drainage and the average severity is 3.5 giving a
weighted drainage benefit potential of 63.

Subject to minor calibration, this network measure could be used simplistically as a quantitative
indicator for appropriate funding on a network basis. That is, based on the achievable potential to
improve pavement performance from drainage, the local authority network would warrant about
4.2/63 i.e. about 7% of the funding used on drainage improvements for state highways in that region
(on a lane kilometre basis), provided that only those sites, where substantial benefit has now been
identified (Figure 2.7-4), are targeted. It is important to appreciate that this network weighting is in
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favour of the more heavily trafficked roads because that is where the value of the asset is being
consumed more rapidly.

2.8 Cumulative Damage Factors
The Cumulative Damage Factor (CDF) represents the ratio of the allowable traffic in terms of the
lifetime Equivalent Standard Axles (ESA) to the intended design ESA for each road. A value of 1 is
ideal (based on 25-year life target) while higher values indicate that excessive damage can be
expected before the intended life (taken as 25 years for this study) is achieved. Values less than 1 are
inevitable, given the natural variation of subgrades and available construction materials. However, if
long continuous sections of new roads show values persistently less than about 0.3, either longer life
may have been intended, or over-design may be an issue.

For the RPP model, the CDF for unbound granular pavements is determined for the subgrade and
basecourse individually - the greater value of the two governs the pavement life and will correspond
to the critical layer in the pavement. (The pavement life (in years) is given by 25/CDF). The
Cumulative Damage Factor for every structural treatment length is listed in Columns AG
(basecourse) and AH (subgrade) of the Structural Treatment Length table.

2.9 Load Damage Exponents
The Load Damage Exponent (LDE) indicates how each pavement section will perform if heavier axle
loads are applied to it. The higher the exponent, the more rapidly the pavement can be expected to
deteriorate for heavier axle loadings.

Because of the extreme sensitivity of pavement life forecasts to the LDE, over the last 2 decades,
large expenditure has gone into determination of LDEs for various pavement configurations, using
accelerating pavement testing. To appreciate the importance of correct estimation of LDEs, it can be
envisaged from the following decrease in life of a pavement which has 25 years life for 8 tonne axles,
if the axle load is increased, for various combinations of percentage increase in axle load and LDE.

Figure 2.9-1: Load Damage Exponent - Pavement Life (Years) – Decrease in life for given % increase in
standard axle load, for alternative LDE’s
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Table 2.9-1: Load Damage Exponent - Pavement Life (Years) – Decrease in life for given % increase in
standard axle load, for alternative LDE’s

The above highlights the severe reductions in pavement life that result from small increases in axle
loads (particularly when exponents are higher than the usual value in RAMM which defaults to 4).
Until now, exponents have been uncertain and very costly to derive. Some explanation of recent
extensive research into load damage exponents is given in this section, to explain the greater
understanding that studying local precedent performance has generated and hence explain why the
Austroads procedures including the respective overlay thicknesses discussed in Section 2.6 should be
discouraged as soon as possible, once local RPP information is available.

Regional precedent performance studies enable much more reliable exponents to be obtained. The
new statistical data mining techniques now allow load damage exponents to be resolved to an
accuracy of about 5% when there are more than 100,000 FWD points for a given network or region,
reducing to about 10% with 50,000 points, which is often more than adequate for practical
purposes. The probability of bias increases with fewer data points, therefore to do better than using
traditional load damage exponents, meta-analyses are needed, using other regions where similar
ranges of loadings are known to apply or can reasonably be assumed.

Structural analyses have been completed using software from Dynatest International with
systematic data mining and exhaustive statistical analysis of the characteristics of the pavement
layers (linear and non-linear models) to establish the relevant load damage exponents. This data
mining process has proven to be a lengthy procedure, but the revelations that have emerged are
particularly pertinent, and are clearly a major step beyond the empirical models used by current
asset management methodologies. The impact of increased maximum legal axle loadings can now be
established with unprecedented reliability. Determining associated load damage (formerly
approximated to maybe an order of magnitude) can now be evaluated rationally, quickly and to an
accuracy that can justify the important decisions necessary to prevent excessive pavement damage
yet maximise the axle loads that can be efficiently carried on key routes.

The process examines exponents exhibited for each layer and for each distress mode that is feasible
in each layer. For unbound chip-seal pavements, the Austroads approach looks only at vertical strain
at the top of an assumed linear elastic subgrade. In the region, the trends identified during data
mining clearly indicate that:

(i) Compressive vertical strains at the top of the subgrade do control pavement life as they
account for a significant proportion of distress in the network.

(ii) Shear strains at the top of the subgrade are also highly significant.
(iii) Non-linear stress-strain behaviour (stress softening) of the subgrade is a significant

variable affecting pavement life (and the LDE).
(iv) Other layers are also clearly contributing and in particular the unbound basecourse layer

where both basecourse compression and

1 2.7 4 8 12 18
0% 25 25 25 25 25 25
10% 22.7 19.3 17.1 11.7 8.0 4.5
20% 20.8 15.3 12.1 5.8 2.8 0.9
30% 19.2 12.3 8.8 3.1 1.1 0.2

Percent
increase of
axle load

Pavement Life (Years)
with varying LDEs under

standard axle and
increasing axle load

Load Damage Exponent
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(v) Basecourse shear are factors.
(vi) Flexure of chip seal surfacing (horizontal strains in both the top and bottom of the

surfacing and
(vii) Instability of multiple seal layers also appear to be limiting pavement life in some cases.
(viii) Material type also features as an independent variable so although strains are the key

controlling factors, hence subgrade modulus and
(ix) Basecourse modulus both need to be included in the life prediction model and LDE

evaluations.
(x) Excessive maintenance costs (often from a combination of several distress modes) can

also be evaluated from data mining.

All ten characteristics may (in various circumstances and combinations) all affect which layer and
distress mode (or combination) will ultimately limit the life of a particular point or treatment length.
None of the nine additional considerations could be considered surprising (especially shear), it is just
that pavement engineers have not had the volume of accurate data or suitably fast methods for
analysis and extraction of exponents before now. One of the reasons that traditional fatigue criteria
consider vertical strains and ignore shear strains may be because most worldwide studies address
thick structural asphalt pavements (in which the loadspread is very effective and hence vertical
strains in the subgrade, rather than discussion of shear in any layer) have been the focus of attention
and dominate the literature. However, in New Zealand unbound granular highways, shallow shear is
becoming an increasing issue in practice, as well as arising as a very substantial issue in this study.

This applies particularly to increased heavy traffic loads. International review of the RPP principles
has established that the study is a significant advance for the state of the art in this field with the in-
situ determination of load damage exponents. LDE’s are also being generated15 for those situations
where the trigger for rehabilitation is economic life (both structural and for surfacing.)

Figure 2.9-2 is an illustration of what can be established from data mining of all local roads in the
FWD database for the local authority network.

15 GeoSolve (2014) Optimising Pavement Design and Asset Management Using Regional Precedent Performance: Lessons from in-situ
testing of New Zealand road networks and Long Term Pavement Performance Sites with application to both the state highway network and
local authority networks
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Figure 2.9-2: Load Damage Exponents from the Local Authority Network, showing which is the governing
mode as far as load damage is concerned at each FWD test point for all local roads in the network. The
absolute values will be revised as the model is upgraded while the relativity should remain as shown.

Refinement will continue, particularly for the shear exponents which require very large numbers of
tests for good definition. Comparisons of the various exponents for the LTPP sites and the state
highways are given below.

Figure 2.9-3: Load Damage Exponents from the LTPP site comparison
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Figure 2.9-4: Load Damage Exponent from the State Highway comparison

This informative presentation shows the permutations for the values and corresponding conditions
under which a particular layer (subgrade or basecourse) at the FWD test location will reach a
terminal condition first, and which distress mode will then govern (vertical compression or shear).
This chart is contributing effectively to the field validation process, as checks can be made on sites
where advanced distress is expected to confirm the specific mode of distress. The important finding
is that load damage exponents are very dependent on site conditions, tending to be highest where
the distress mode is basecourse shear or subgrade compressive strain, and higher in shallow
subgrades rather than deep subgrades. In practice, the models are generating exponents between
about 3 and 12 for 1 ESA loads on most unbound granular pavements. However, in theory the
exponent could tend to much larger values (i.e. the LDE would be infinite for an extreme case of a
heavy wheel load on such a weak pavement that a general bearing capacity failure is induced under
a small load increment).

The above diagram illustrates the importance of this new understanding of load damage exponents:
current methods of assigning nominal values of 4 for rutting of pavements with thick granular layers,
5 for asphaltic concrete bottom up cracking, or 7 for subgrade rutting, can be used as an
approximation, but only where the critical layer (that which governs the life of the pavement) and
distress mode is first determined. Using the historic “Structural Number” approach (using
parameters now classed16 as “nebulous” by NCHRP) for assessment of routes for heavier axle loads
will result in premature distress of many pavements, particularly for that large proportion of
pavements where there is latent basecourse shallow shear susceptibility (exponents from 5 to 11
and more, apply on the local authority network, Figure 2.9-2).

Relevant governing load damage exponents for the sampled pavements are given for the subgrade
and basecourse individually and itemised in Columns AD (flexure), AE (basecourse) and AF
(subgrade) in the attached spreadsheet.

16 NCHRP (2004). Guide for Mechanistic-Empirical Design of New and Rehabilitated Pavement Structures. Final Report. “Nothing could be
more nebulous than this parameter” http://www.trb.org/mepdg/guide.htm
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A summary graph (pie chart) for the local authority network shows the apparent proportions of the
network which are governed by the various distress modes.

Figure 2.9-5: Distress modes and critical layer proportions applying in Local Authority Network

Cumulative distributions for each mode are shown below.

Figure 2.9-6: Cumulative Distribution - Load Damage Exponent for Basecourse - RPP Method, Local Authority
Network
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Figure 2.9-7: Cumulative Distribution - Load Damage Exponents for Subgrade - RPP Method, Local Authority
Network

Owing to the lack of information obtained on stabilised pavements in the region, corresponding data
for stabilised basecourse pavements have not been generated separately. A national table is in
preparation, and will soon be available if required.

An overview presentation of LDEs that gives asset managers a means of immediately appreciating
whether a network, or subset from that network will suffer excessive damage from HPMV
operations is given below. The following figures (which can be examined in detail in the
accompanying spreadsheet) readily identify those roads with life less than 25 years and LDEs
towards the upper end of the scale (red to black zone) where damage will be severe. Again, the
relevant LDE will depend on which layer of the pavement is critical (experiencing greatest strain),
hence the figures provide separately for subgrade and base layers. For implementation, these data
are all presented in the spreadsheet in Appendix A in a form that readily displays the critical roads
and exponents.

Again, comparisons with the corresponding tables from other networks, allows asset managers to
readily benchmark their network against all other networks nationally, and hence support specific
route decisions by individual RCAs on HPMV use.
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Figure 2.9-8: Life (Years) – RPP Fatigue - Design Traffic - Load Damage Exponent for Subgrade, Local
Authority Network

Figure 2.9-9: Life (Years) – RPP Fatigue - Design Traffic - Load Damage Exponent for Subgrade, LTPP site
comparison
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Figure 2.9-10: Life (Years) – RPP Fatigue - Design Traffic - Load Damage Exponent for Subgrade, State
highway comparison

Figure 2.9-11: Life (Years) – RPP Fatigue - Design Traffic - Load Damage Exponent for Basecourse, Local
Authority Network

As comparison, the equivalent LDE figure for unbound basecourses within the LTPP sites are
generally less critical, as given in the following:
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Figure 2.9-12: Life (Years) - RPP Fatigue - Design Traffic - Load Damage Exponent for Basecourse, LTPP site
comparison

Figure 2.9-13: Life (Years) - RPP Fatigue - Design Traffic - Load Damage Exponent for Basecourse, State
highway comparison

Caution

The above ranges of LDEs generate a number of issues. It is understood that some local authorities
use the same load damage factor of 4 when originally assessing ESA values for each road. In general,
this value is too low. An iterative procedure using the RPP values would allow better estimates of
ESA and LDE. However, if all roads carry a similar spectrum of traffic, the fact that this inconsistency
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has arisen will have only minor effect on the RPP findings so long as the same approach is used in
future as the RPP criteria used have the same error in derivation as is used in calculating predicted
life and overlay requirements (effectively compensating).

In practice, for the local authority network, the 4th power will over-estimate the ESA applied for
lightly loaded axles, and the converse applies for heavily loaded axles. The calculated LDEs will hence
change slightly if the derivation is iterated, depending on the nature of the traffic spread. A detailed
study of this effect is proposed, using the base load spectrum for selected roads. Provided the
relevant base data are maintained in RAMM, it would be straightforward to implement an iterative
procedure for calculating ESAs for each treatment length. However, in practice, the accuracy to
which either the axle loads, numbers of heavies or growth can ever be known may not warrant too
detailed an analysis. However, if a single exponent is wanted for the ESA calculation, then it should
be considerably higher than 4 for the local authority network.

When benchmarking different networks (using any methodology) it will be important to ensure that
both use the correct LDEs for calculating ESAs. If the RPP methodology is used, then comparisons can
still be meaningful if they are in error but by the same proportion.

2.10 Risk of HPMV damage
Clearly if a road has been overdesigned, an adverse load damage exponent may be of minimal
economic consequence, and the converse applies. The extent of damage from a given HPMV and
treatment length therefore depends on the relevant combinations of load and layer composition.
Table 2.10-1 below gives a nominal rating adopted for the study, based on the combined outcome
expected from the cumulative damage factor and the load damage exponent. The CDF is evaluated
assuming that an HPMV will apply a nominal 10% increase in axle load for any given LDE, so that a
general classification, ranking from a ‘Very low’ to a ‘High’ risk of HPMV damage, can be assessed.
This enables asset managers to quickly decide the merits of permitting increased axle loads on any
chosen route.

Table 2.10-1: Risk of HPMV damage

CDF+10% Load Damage Exponent

< 5 5-10 10+

< 0.5 Very low Very low Very low

0.5 - 0.8 Low Low Medium

0.8 - 1.0 Low Medium Medium

> 1.0 Medium Medium High

For immediate implementation, the risk of increased axle loads for each structural treatment length
in the network is given in Appendix A, Column AA. Functional spreadsheets are also provided for an
overview.

For more detailed evaluation, a quantitative evaluation of any route can readily be assessed from
the CDF plots, as below.

Road 2
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Figure 2.10-1: Rapid appraisal of HPMV routes

In this example the critical level (CDF=1.0) is generally satisfactory (below 1.0) for much of the first
25 km of the road hence no issues with heavier axles, apart from some eventual isolated patching at
chainages 4-5, 7.3, 10 etc. with basecourse shear developing at CH 10. The section of the road,
beyond chainage 25 would clearly suffer much reduced life under HPMV loads with subgrade
deformation.

It is important to note that all of the above assumes the RCA accepts that the net present value of
costs incurred beyond 25 years life are inconsequential. Otherwise an NPV calculation should be
done for a mechanistic forward work programme for the existing traffic, then for the existing plus
additional traffic. Existing software enables these comparisons, but it is important for the RCA and
affected parties to define the appropriate discount rate, in view of the sensitivity of the result to the
value adopted.

2.11 Seasonal Trends
The historic database was used to explore any patterns for changes in moduli or deflections of all
unbound granular pavements as a function of season or temperature. The plots are given in
Appendix B. At this stage no significant seasonally dependent trends for the region have been
identified, i.e. no seasonal adjustment factors for the raw deflection data are recommended for the
unbound granular pavements. AC (thick or thin) and OGPA pavements have insufficient information
collected so far, and until TSD data become available, adopting defaults from Austroads should
continue.

2.12 Rehabilitation Prioritisation Schedule & FWP
Column AO in the Structural Treatment Length file ranks every structural treatment length (STL) that
has pavement life less than 25 years from the regional precedent performance analysis. It is
important to note that this column evaluates priority based not on surface condition (that can simply
be addressed with resurfacing) but where the underlying structural capacity is inadequate. The
higher the priority, the sooner structural rehabilitation of the treatment length will be required. The
priority is assigned based on the calculated RPP life and also the life using other traditional measures
of pavement deterioration for each distress mode. When both methods predict minimal life the
priority has been upgraded from those where the life may be more debatable. Other parameters,
such as the subsoil drainage potential and the design life of the roads influence the ranking
additionally.
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Because the distress mode governing the pavement life is listed in the spreadsheet, the most likely
form of rehabilitation, once the road reaches a terminal distress state has also been defined. The
corresponding relevant thickness of overlay or depth of stabilisation is shown in black font for each
STL while the less likely options are also displayed but in grey fonts. It is therefore a straightforward
exercise to attach unit rates for each form of rehabilitation and use the given quantities along with
the length of each STL to provide the corresponding budget requirements for the next 5 years (or 30
years) as required. Because the critical layer and its terminal distress mode have been determined
rationally, the resulting FWP and cost estimate will necessarily be substantially more reliable than
any based on non-mechanistic empirical methods such as Structural Number. (These calculations
and budgets can be supplied in an updated spreadsheet if required, along with any sensitivity
analyses using different growth rate percentages.) A particularly useful benefit is that because a
rigorous systematic procedure is followed, which can readily be repeated elsewhere with well
substantiated parameters, the FWP in terms of lane km for each year and corresponding future
budget requirements, can be used for benchmarking (short, medium or long term) between
networks or sub-networks, in a state of the art procedure that is both transparent and equitable.

2.13 Calibration, Validation and Traffic Speed Deflectometer
Calibration

Treatment lengths which show uniformly low lives as determined using both the RPP method and
the life from the governing distress mode, are ideal for calibration and validation checks of FWD
data. The same applies to data obtained from Traffic Speed Deflectometer (TSD) testing.

Sites that are likely to be particularly informative for calibration of the RPP model and for TSD
calibration are any treatment lengths where results are not fully consistent with the expectations of
local engineers familiar with the historic performance of these roads.

Candidate roads are appended.

An application is available for GPS enabled smartphones, which provides the practitioner with a web
link for field validation of relevant pavement parameters. These parameters can be displayed readily
on site as overlays on a Google Earth background of the observer’s surroundings with current
position marker.

Where asset managers and designers have already established a Forward Work Programme, the set
of roads, programmed for rehabilitation in the next season, has been used for calibration of the RPP
model. In these cases, joint inspections have been carried out to resolve any differences between
reality and prediction.

Traffic Speed Deflectometer

The FWD analyses provide definitive interpretation of each test point at usually 50 to 200 metres in
each lane. There are 9 points on each deflection bowl and multiple tests at each individual test
position with accuracy and repeatability of 1-2%. The TSD determines structural characteristics with
a single pass and by averaging results over a 30 m length, a less precise output can be generated
(with accuracy and repeatability about an order of magnitude less than with FWD). Hence by
combining historic FWD analyses for each road with TSD data, a reliable model with very clearly
defined limits for each structural treatment length (down to 10 m readings for consideration of
maintenance patching extents, if required) can be established.

Many thousands of lane km of TSD data are available and a preliminary interpretation is given in
Appendix D. Because of the different characteristics of the two test methods and the large quantity
of FWD information now on file, all TSD bowls have been corrected to FWD equivalent bowls so that
the data can be usefully integrated for application.
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Limitations

The new methodology applies principally to structural life prediction, structural design of
rehabilitation and new pavements. Surfacing life (including multiple chip seal and multiple OGPA
layers) has only recently been included and further developments in this area are in progress.
Unbound granular, stabilised and thin asphaltic pavements are included but with limitations:

Thick asphaltic pavements are not well represented at this stage.

Incremental-recursive modelling has not been included (but is under development for stabilised
pavements).

Rigid (concrete pavements) are poorly represented and have not been studied.
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3 Conclusions
Data mining presents a new perspective for pavement management:

Overseas, many organisations have accumulated large quantities of raw deflection data, mostly from
rigid or thick structural asphalt pavements with very stiff surface layers that tend to mask the
properties of the underlying layers. The New Zealand database is unique in that no other country has
such a large database of structural analyses that have been accumulated and most are on unbound
granular pavements which allow definitive characterisation of all layer moduli because the surfacing
stiffness do not mask the readings. Only recently, TRB researchers made the comment that
“pavement design is in its infancy”, but the New Zealand database now provides a turning point for
the opportunity to advance the use of measured stresses and strains in all layers of the pavement.
The numbers do speak for enabling identification of the limits of design as well as best practice.

The roading networks in individual regions throughout the country have been studied using data
mining of all available pavement structural data to determine an improved system of road structural
classification nationally and develop improved parameters for pavement design based on regional
precedent performance (RPP). The procedure evaluates all mature roads in each region in relation to
their historic long term performance and traffic loading. The parameters generated from the data
mining are necessarily calibrated to the construction practices and environment of the specific
region and after thorough verification, provide much more efficient and reliable design for the
region than adopting the corresponding Austroads criteria. The principle for establishing the
pavement design criteria is the same, except that Austroads used precedent performance of only 24
remote (Australian) road sections17 and considers only one distress mode in one layer (rutting in the
subgrade). RPP uses the precedent performance of many thousands of pavement treatment lengths
that are in service in each distinct region in New Zealand, and considers all potential structural
distress modes for all potential stresses/strains in all layers (surfacing, base, subbase and subgrade).
Fundamentally it is a calibrated mechanistic method, which is simply a more comprehensive
extension of the original NRB/TNZ precedent design method18 and provides at least the same (often
more) efficiency of design, as well as greater reliability.

17 Jameson G  2013 Technical basis of Austroads Guide to Pavement Technology Part 2:Research Report ARR 384 Pavement Structural
Design http://www.arrb.com.au/admin/file/content13/c6/ARR%20384_v4_web_Lowres.pdf
18 NZ Supplement to the 1999 Austroads Pavement Design Guide (PDF).  http://www.nzta.govt.nz/assets/resources/nz-supplement-1999-
austroads-pavement-design/docs/supplement.pdf

“This is a world where massive amounts of data can, to a large degree at least,
replace every other tool or test that might be brought to bear. Numbers give us not
only immediate lessons from history (regional precedent performance), but also
unlimited potential for ongoing improvement. Who knows the precise theory of why
roads perform the way they do? The point is they do, and for every region’s
permutation of terrain, sources, practices, loadings and climate, we can track and
quantify their precedent performance with unprecedented fidelity. With enough data,
the numbers speak for themselves.”
Adapted from Chris Anderson: The End of Theory: The Data Deluge Makes the Scientific Method Obsolete
http://archive.wired.com/science/discoveries/magazine/16-07/pb_theory#
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Key results and features of the new methodology:

· Enables estimation of the remaining life of a road pavement for each mode of distress and
hence identifies the governing mode of distress, including the effects of sub-surface
drainage.

· Shows the extraordinarily long structural lives predicted for many state highway pavements
and local arterials with respect to key distress modes, and enables economically efficient
designs for lowering the annualised life-cycle costs of asset management.

· Provides powerful capability for evaluating future changes in performance and
rehabilitation/maintenance costs caused by a specified change in traffic loading or road
usage (e.g. added quarry traffic).

· The upgraded system is ideal for supporting the implementation of the One Network Road
Classification by allowing substantially improved and nationally consistent prioritisation for
rehabilitation funding which can now be backed up with an unprecedented level of
justification.

· The principles radically advance the state of the art for pavement asset management. All
roads from the local authority network have been analysed using mechanistic methods
(analysis of loads, determination of moduli, stresses and strains throughout the pavements)
calibrated to precedent performance in the region, to evaluate structural capacity and
expected life of the network to inform and support long term planning and future budget
allocations.

· Application of these results readily provides life cycle term modelling, bringing substantial
benefit in the short term, as well as filling the present gap in medium to longer term
prediction (10-30 years). In relative terms, the methodology should necessarily provide a
robust ranking of all treatment lengths in the region in order of priority in terms of
pavement structural life.

Greatest reliability is for those treatment lengths that will require structural rehabilitation in the
next 10 years but longer term results should still show good relativity. In absolute terms, these
determinations of pavement structural life should be much more reliable than those based on
“structural number” methods, (relating more to re-surfacing – not addressed in this study).
Feedback from local practitioners will further refine the calibration of the model.

The calculated lower bound long term structural rehabilitation rate (for design based on local
precedent performance) for the local authority network is estimated to be 0.5% of the network
length each year. Appropriate overlay thicknesses have also been presented in the spreadsheet. In
the medium term (10 years) the lower bound rehabilitation rate is expected to be similar i.e. 7.8%
per decade or 0.8% per year.

A fundamental parameter, that is determined for each network, is the percentage of the FWD test
points that require structural rehabilitation. This is used to assess a lower bound for the percentage
of the network that will require rehabilitation each year (because during construction, each
treatment length will usually include some intermediate intervals that are less than terminally
distressed). For this reason, actual intervals selected for rehabilitation will be about double19 the

19 See section 2.5
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lower bound lengths determined. The lower bound rate provides a consistent benchmark that can
be used for comparison of structural condition nationally between any regional networks.

Seal instability of multiple chip-seal surfacings is also an issue for the region, but this is identified
separately as a “surfacing” distress mode, i.e. not included in the “structural” model. A preliminary
RPP model suggests this may be the driver for remedial works for 0.75% of the network each year.

The structural model assumes that normal maintenance continues in the future in the same way that
it has historically. It is important to note that ongoing calibration will affect the annual rehabilitation
rate. However, the relative priorities for rehabilitation (listed for all treatment lengths in the district)
are likely to remain in the same sequence, even though their optimum timing may be brought
forward or back. Exceptions would be those treatment lengths flagged in the attached spreadsheet,
for priority drainage maintenance, where effective intervention can markedly reduce the need for
rehabilitation.

A summary spreadsheet (Structural Treatment Length Table) for the local authority network
(Appendix A), is provided along with a step by step guide for immediate implementation by new
users. Familiarity with the theory in this report is not essential for its application. The principle is
nothing more that the “Precedent” method promoted by NZTA in the New Zealand Supplement to
Austroads, but instead of limiting the method to just one layer, one type of strain and one distress
mode, it simply extends the number of layers, types of strain/stress and distress modes to all. These
key parameters require no black box or algorithms apart from consistent use of any one given
layered elastic analysis software package. The calibrations can all be done by hand or graphically. All
that is required is thorough inspections of all treatment lengths coming up for rehabilitation each
year in each network and there are many RCA engineers with appropriate long term experience of
their network to assess the applicable distress modes realistically. The basic methodology comprises
substantial recent advances (using in this case, the Dynatest International software because of its
execution speed and ability to accommodate the non-linear moduli which account for the majority
of local subgrades) including extensive data mining of the New Zealand database of over a million
structural analyses carried out over the last two decades. The comprehensive dataset from this
region is already sufficient to ensure sound decisions for managing the network asset through all of
the following:

· Benchmarking (national or regional): rehabilitation priorities have been defined within the
region and comparisons may be made between any sub-sets (LAs, provinces or the country’s
14 Regions for the state highways) on the same basis nationally (or internationally).

· Demarcation of efficient structural treatment lengths within the nominal RAMM treatment
lengths.

· Priorities for subsoil drainage now determined using new non-destructive techniques that
will allow maintenance to be focused on those structurally critical sections where maximum
benefits will apply, allowing immediate, low cost extension of pavement life

· A regionally calibrated model for expected pavement structural life (with and without
drainage intervention). Also applicable to QA of new or rehabilitated pavements.

· Informed decisions for each treatment length on whether resurfacing will suffice or is
structural rehabilitation essential and if so when.

· Rehabilitation intervention that can be carried out on the same basis nationally to meet the
objectives of the ONRC. Where budget is cut, identification of which treatment lengths will
incur the least loss in level of service if treatment must be deferred.

· Identification of the governing distress mode for each structural treatment length and hence
the most appropriate treatment solutions (and associated costing) when distress reaches its
terminal condition.

· Rehabilitation quantified in terms of a variety of options (overlay thickness, depth of
reconstruction and depth of stabilisation) for all treatment lengths.
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· Expected life for resurfacing of thin AC and chip-seal.
· Derivation of fundamental parameters for reliable characterisation of pavement wear (load

damage exponents) applicable to every treatment length.
· Expected pavement life under standard versus increased axle loads for each structural

treatment length and risk from HPMV traffic loads.
· Format for seamless integration of additional FWD data and interpolation between all data

points using TSD data.
· Forward Work Programme with preliminary costings for 3, 10 and 30-year rehabilitation

which, after the initial structural evaluation, can be updated annually with minimal inputs.

The application of these principles establishes a “game changer” for pavement asset management
including HPMV decisions, the design of new pavements, and the various forms of rehabilitation
treatment.

In summary, the RPP Project, through extensive data mining of the national database, takes existing
condition, draws on the lessons of history and uses internationally recognised software to prioritise
efficient pavement management. The procedure enables nationally consistent levels of service that
can be maintained (and in many cases levels of service can now be increased) with decreasing
budget.

Implementation:

The spreadsheet can readily be updated, when more data are accumulated as subsequent regions
throughout the country are included in this study. The initial QA is time-consuming, but thereafter,
systems have been established so that as further observations of performance or new data become
available, an entire region (with many thousands of kilometres of data) can be re-calibrated and an
updated spreadsheet produced in a few hours. The application of these principles is wide ranging
and of relevance to various roles, including both network managers and project level designers. The
first worksheet in the spreadsheet provides a step by step explanation and examples of how to
utilise and readily implement the findings of this study.
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4 Applicability, Modelling Feedback &
Recommendations

This report has been prepared as a desk study to evaluate expected structural life of the network.
Data sources include RAMM, all available historic and recent FWD testing, high speed data, and file
records of test pit information. Dynatest International software and review has been applied during
the development. The study commenced by comparing the large databases from two regional
networks and noting the various trends evident. Over a period of three years, the development team
has extensively researched the data mining techniques, tested the algorithms and made progressive
improvements as three more networks were added to the study. Further capability and refinements
are pending, but it is already clear that the current version of the data mining software provides
outputs that are marked refinements to current Austroads procedures. The results are consistent
with the findings of NZTA’s regional office that based on long experience and observation,
Austroads’ overlay designs are excessively over conservative in this region at least.

RPP findings which take into account the full range of pavement types in any region, is greatly more
relevant and much less costly for generating LDE’s than test track loading. It is not correct to state
that an LDE can be assigned to a given basecourse type20, although it has been recognised that
basecourse LDE’s will be dependent on relative density and water content. It is now evident that the
support of that layer is a major factor, along with the stresses and strains (both compressive and
shear). Dependence of LDE on such a wide range of controlling variables sets such a severe limitation
on the use of artificial test tracks for the purpose of attempting to define exponents.

“Structural Number” approaches (including SN, SNP or SNC) are based on the concept that the load-
spreading ability of each layer is primarily dependent on an assigned empirical layer coefficient. For
thick structural asphaltic pavements commonly used overseas, SNP can provide a vague
approximation to subgrade rutting but its drawback is that it ignores all other distress mechanisms
and the “one size fits all” approach makes no use of the majority of structural data collected. It is not
remotely consistent with Austroads designs: for the New Zealand state highway LTPP sites21, a given
value of SNP was found to cover a range of more than two orders of magnitude in terms of
Austroads design life.  Similar concerns have been reported by ARRB for ALF trials. The concept
originated in the US in the late 1950’s but the US rejected it in 2004: “Nothing could be more
nebulous than this parameter” is the criticism from the developers of the NCHRP Mechanistic-
Empirical Pavement Design Guide22. Some RCA’s still ask for this parameter to be provided. It was
never intended for use with unbound granular pavements where its adoption is not only very
outdated, but also adversely misleading as in a large proportion of cases in New Zealand, heavier
individual wheel loads are likely to result in significantly accelerated deterioration of basecourse
layers subject to high localised shear stresses (not protected by the thick structural asphalt layer
more commonly used overseas).

RPP provides a state of the art alternative. The new procedure also provides for more efficient
maintenance by targeting essential subsurface drainage, as well as avoidance of over-design and
increased design reliability for new construction and pavement rehabilitation works.

It is important to note that all available FWD information has been included in the study and while
the proportion of rehabilitated sites is relatively small, final calculations of pavement life will need to

20 Load Damage Exponents for Thin Surfaced Granular Pavements. ARRB 2004. Yeo, Sharp, Keo & Martin.
http://www.mrr.dot.state.mn.us/research/MnROAD_Project/index_files/pdfs/Yeo_R.pdf

21 Salt, Henning & Stevens, 2010.NZTA Research Report 401. Rationalisation of the structural capacity definition and quantification of
roads based on falling weight deflectometer tests, http://www.NZTA.govt.nz/resources/research/reports/401/docs/401.pdf

22 NCHRP (2004). Guide for Mechanistic-Empirical Design of New and Rehabilitated Pavement Structures. Final Report
http://www.trb.org/mepdg/guide.htm

out
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be evaluated after checking for each treatment length, that the date of FWD testing is more recent
than the date of the last structural rehabilitation, and where the FWD data are out-dated, then using
the as-built information to determine the expected shape of the revised deflection bowl and hence
update the spreadsheets to the current condition.

It should be noted that for the purposes of this report, instability of multiple chip-seal layers has
been categorised as re-surfacing rather than as structural distress. However, as seal layers in the
region are reported in RAMM as being up to 70 or 80 mm in thickness, there will be issues of near
surface instability and structural contribution (if cement stabilisation or overlay is being considered).
The RPP model for seal instability is nowhere near as advanced as those for the other distress
modes, but in case a dTIMS model is not available, provisional RPP findings for the region are as
follows:

Figure 4.0-1: Cumulative Distribution of NZ RPP Economic Life (Surfacing); Local Authority Network
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Figure 4.0-2: Histogram of NZ RPP Economic Life (Surfacing); Local Authority Network

The above suggests that in the short to medium term about 0.7% per year of the network will
require maintenance/rehabilitation for this distress mode (0.75% average is indicated in the longer
term). Some of this length will require structural rehabilitation as a result of structural distress, so
the combined result (a lower bound as discussed earlier) will be somewhat less than that indicated
by the sum of Figure 4.0-2 and Figure 2.5-2. Where time between reseals is long enough for age
hardening of the specific binder to occur, seal instability in some regions may not be an issue. In
other cases, particularly where binders are softer and more prone to flushing, lesser life than
indicated above could occur.

Load damage exponents are preliminary at this stage, but they are confined to a relatively narrow
range of mostly 2.5 to 3.5.

Figure 4.0-3: Load Damage Exponents for Surfacing Flexure; Local Authority Network

Field validation/calibration for this study, including consultation with local pavement engineers for
feedback, is in progress. An app is available for any GPS enabled smartphone/tablet that will
navigate the pavements engineer to critical treatment lengths that will be most informative for
improving the model, and requires only a few screen taps on site, to instantly send all the necessary
feedback for any treatment length.

The model is primarily addressed at unbound granular pavements with bound layer properties not
yet modelled ideally, but will be refined in a subsequent upgrade.

A first pass for limits of applicable structural treatment lengths has been made, but finer subdivision
is intended as additional feedback is provided, and separation into individual lanes may be
warranted in some cases. That refinement stage will in most cases, result in favourable changes
(greater life, lesser overlay). Meta-analyses are providing substantial further insight regarding
improved criteria for performance prediction and other parameters that can be extracted through
data mining, as each additional region is studied. While feedback is in progress the findings of this
study, while providing good relativity for all parameters, may require further calibration for absolute
values and hence must be used in conjunction with site inspections by an experienced local
pavements practitioner appropriately familiar with the historic performance of the specific network.
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While considerably more verification is required, inspections so far are indicating that traditional
design based on vertical compressive strains, does need to be widened because shear strain (not
surprisingly) is very significant in New Zealand unbound granular pavements. To explore this further,
the following plot shows the distress modes for a subset comprising those pavements with less than
25 years life compared with the full network. This suggests that shear strain is a significant factor for
those pavements with limited life, i.e. for 49% (20+29) of the structurally deficient pavements, shear
strains are more critical than compressive strains, which combined, total about 50% (33+17).

Figure 4.0-3: Relative contributions of shear and compressive strains for pavements with less than 25 years
life

The corresponding values for the full network as shown earlier in Figure 2.9-5, show that
compressive strains more commonly govern life when the full spectrum of pavements is considered.

Upgrades of this dataset will be maintained until feedback is completed. The software is being
updated as new findings from successive regional studies throughout the country are taken on
board. It is already clear, now that data mining has been advanced in five of NZTA’s regions that
each region has its specific issues but collectively they are giving greater understanding of the wider
picture of what can be extracted with data mining and how best to extract it. This in turn is enabling
substantial improvements by feeding back into the models for all the other regions under study.
These meta-analyses are already showing that the ESA calculation in RAMM currently presents
inconsistencies, which may not be important within a region, but are very important when
benchmarking between regions or different RCA’s, as found during the RPP analyses. ONRC is
handicapped by the assumptions made in ESA calculations. Austroads provides for some correction
of ESA’s by assigning alternative Standard Axle Repetitions (SARs), one for each distress mode, in
zones of different traffic spreads. This process is only a partial solution as the load damage exponent
for the distress mode and the critical layer need to first be determined to find a valid SAR/ESA ratio.
Previously this has been ignored in view of the unknown controlling factors, and a single value has
been adopted in Austroads and the Supplement, for each distress mode. However, SAR/ESA ratio is a
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highly sensitive parameter23 because exponents form the essence of the calculations. Hence, now
that the principal controlling variables have been identified, it would be a straightforward exercise to
obtain current WIM records and determine the relevant table of values for the range of exponents
(2.5 to 12) encountered in New Zealand. The other fundamental flaw in current ESA calculation
(using deflection as the basis of axle wear equivalence24 rather than strain25) can be readily corrected
at the same time, by providing a single table (as presently in Austroads) for one typical New Zealand
pavement, and if required, a set of clear guidelines for recalculation of axle equivalence on specific
routes or regions. ONRC objectives for better management of the roading asset could then be
unconstrained. A general recommendation is given at the end of Appendix G.

Improved structural design and better prediction of pavement life will have implications that would
soon be appreciated once robust ESA and SAR/ESA values are defined, or preferably make the axle
configurations and loadings available in raw form (frequency distribution). Preliminary findings from
the RPP study indicate that historically, using NRB/TNZ S/4 a 25-year pavement design would in
practice provide a pavement median life of typically 70-100 years but that would include about 10%
of treatment lengths that would be close to the 25-year target and 90 percent over-designed. For
the same target life, the shift to Austroads design is probably trending towards actual achievement
of about a 40-year median life with 10% of pavements being under-designed, 20% close to target
and 70% over-designed. Now, pavement engineers can rapidly design26 using RPP to achieve close to
the intended life for each treatment length. However, if intended life is to remain at 25 years, the
legacy of structural capacity that is presently embedded within the region’s roads will be
progressively “consumed” by a privileged generation of heavy vehicle users, while structural
rehabilitation rates will steadily increase and after some decades will necessarily stabilise at (1/25)
i.e. 4% of the network each year (with consequent increases of 200 - 400% or more, in excess of
current annual rehabilitation costs).

It is proposed that the updated Appendix A and spreadsheet, containing all the relevant tables and
figures for implementation will be revised continually until all regions are completed, hence it is
important to appreciate that the figures within the report itself apply only at the date on the cover
page. The database has been set up so that any completed region can be reprocessed automatically,
(when any model refinement becomes indicated from the extended study) generating a new
spreadsheet for application, and Google Earth kmz file for convenience of any further validation.

The study so far has established a number of actions for consideration:

1. Review whether 25 years’ design life is the optimum for unbound granular pavements by
carrying out NPV cost comparisons for various forms of typical pavement rehabilitation for
at least 2 life cycles using alternatives of 25, 30, 40, 60 & 80 years’ target design life for
unbound granular pavements using typical construction costs, (on the basis that the design
life will equal the achieved life).

2. While material performance has historically been the weakest link in pavement performance
prediction, where detailed structural analyses and RPP are available, the weakest link now is
defining the loading.  Priority should now be given to correctly establishing ESA and SAR/ESA
ratios for all pavement types, distress modes and regions, for a range of load damage
exponents from 2.5 to 12. At the same time the ESA equivalence for alternative axle types
should be corrected, (as well as standardising to the in-service dual tyre pressure of 650
kPa). Now that these principles are understood, improved practices are required because
evaluating with traditional tables of “presumptive” exponents could readily distort road

23 Using Austroads GPT, Part 2, Table H3,
24 Austroads GPT
25 See Appendix F
26 A spreadsheet for RPP mechanistic design is available.
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wear costs or timing of individual treatments in a forward works programme by a factor of 2
or more.  A simpler alternative for any study where the load damage presents a sensitive
issue, or meaningful estimates of pavement life are required, is now available: minimise the
loss in accuracy resulting from ESA calculation by directly inputting more basic axle load data
to any of the suitable mechanistic analysis software packages. This process has been used
for airfield pavement design for decades and has now been adopted by leading highway
organisations including the US (MEPDG) and South Africa (SAPEM)27. (These provide the
necessary axle load and configuration frequency distributions.) Austroads uses a simplified
equivalent (SARs with values for each region) but NZ practice adopts only one value
nationally per fatigue criterion, and the comprehensive structural database now
demonstrates this to be inappropriate.  The process is easily done with appropriate software
now, so after the initial setup, more rigorously based outcomes can now be determined at
no extra cost (and only microseconds longer in the processing).

3. An unexpected finding from RPP provides a game changer in that road damage from HPMV
traffic damage can now be rapidly and reliably determined as the remaining life in every
road in the network can by determined along with a reliable load damage exponent. The
cost and uncertainty of determining load damage exponents from artificial test tracks is no
longer necessary and research priorities can be refocused. The much more meaningful LDE
for the relevant in-service environment can now be rapidly determined for a cost per
pavement profile which is many orders of magnitude less (if structural testing with FWD or
TSD has already been carried out historically).

4. An LDE is dictated primarily by pavement structural capacity and appropriateness of its
intended loading. It applies not just to a particular material type with given compacted state
and water content but is also governed by the stresses and strains (both compressive and
shear) in that layer and its support. Now that these principles have been established, specific
LDE’s for any route or axle load combination can now be well substantiated when assigning
road user charges. Recovering costs that are accurately proportioned to damage, provides
the maximum motivation for operators to proportion their axle loadings to minimise that
damage.

5. A large volume of TSD data is now available but it is much less accurate at determining
subgrade properties and cannot be substituted directly for FWD data in existing pavement
performance relationships.

6. By combining historic FWD analyses for each road with TSD data, a reliable model with very
clearly defined limits for each structural treatment length can be established. Advanced
procedures have now been developed from a pilot study for TSD structural analysis that
enables integration of TSD with standard FWD interpretation. Each RPP study would benefit
greatly from its inclusion.

7. The non-destructive assessment of subsoil drainage priorities now generated from FWD and
TSD data should be widely promoted and utilised as soon as practicable in all regions in view
of the very large benefit-cost presented.

27 South African Pavement Engineering Manual 2014 http://www.nra.co.za/content/SAPEM-Chapter-10-2nd-edition-2014.pdf
South African National Road Agency project end product http://www.sapdm.co.za/pgcontent.php?UID=512
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8. Since 2004, Structural Number methods have been discredited.28 For structural
performance, dTIMS users can readily substitute SNP with either Structural Indices for each
distress mode, or more simply use the Regional Precedent Performance parameters
including remaining life and susceptibility to HPMV loads, now generated routinely with
FWD outputs. A spreadsheet including the RPP concept is available for pavement design or
comparison of RPP solutions with other international design methods including Austroads.
Discontinuing the use of the “nebulous” Structural Number (SNP) should also be considered
in the assessment of HPMV routes and structural Forward Work Programmes, now that RPP
provides a more fundamental approach with greatly improved reliability. Modelling with
dTIMS can easily be continued with SNP generating resurfacing requirements and
mechanistic analyses slotted in as a Specified programme for the structural rehabilitation
requirements. This provides a simple and seamless integration into existing dTIMS methods.

9. An internationally recognised peer reviewer has provided high level technical backing
(Appendix E) to the RPP approach and highlighted the importance of this study, noting that
the “unique New Zealand database ….and innovative interpretation of the data using
precedent performance methods” provide important advances that are “highly significant
for the prevention of overdesign or premature failure”. Those advances now allow the
lessons of history to be readily and systematically implemented, in a consistent manner
throughout the country.

10. This research was initiated simply to explore what might come from systematic mining of 20
years of FWD structural analyses, but the outcome has far exceeded expectations. The
practical deliverables present a particularly strong case for extending the RPP study to all
other regions giving priority to those where the greatest database of structural data is
available, and that study would greatly benefit from the incorporation of all Traffic Speed
Data, allowing immediate implementation and benefits from that project.

28 NCHRP (2004). Guide for Mechanistic-Empirical Design of New and Rehabilitated Pavement Structures. Final Report. “Nothing could be
more nebulous than this parameter” http://www.trb.org/mepdg/guide.htm
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