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Precedent Performance Study.
Executive Summary
What is the RPP Study and how does it work?
The historic pavement database for each region (or more localised study
area for heavy duty pavements) is explored to identify the lessons of
history, and see whether existing design methods are appropriate in
each specific region of New Zealand (giving due regard to
climate/aggregate sources/construction/maintenance practices), and
what savings or improved reliability can be gained from such a study.
This presentation focuses on heavy duty pavements. Further details of
application to road networks is given in the following link.
http://www.pavementanalysis.com/images/presentations/pdf/Regional_Precedent_Performance_of_P
avements.pdf



Precedent Performance Study.
Executive Summary

Why is RPP important and why change from existing
parameters?
Because most parameters are based on overseas criteria they may not
relate well to NZ practices, climate and commonly used materials. With
little extra effort, if a heavy duty pavement exhibits a wide range of
distress, from incipient through to severely distressed areas, and back
analyses of past performance are carried out, there are large savings to
be made through more efficient design. This step can have huge cost
benefits for any heavy duty pavement.



Precedent Performance Study.
Executive Summary

What is different with RPP?
An important step in precedent performance analysis is to identify all
forms of distress and identify as well, which layer is affected by each
distress mode. Once that is established it is simply a matter of assessing
the past traffic loading and inherent degree of wander from each vehicle
type. Wander (the number of vehicle passes to result in one effective
pass over the width of the trafficked lane) is often a very uncertain
parameter which can readily affect the life of the pavement by an order
of magnitude. The benefit of precedent performance analysis is that
provided similar trafficking is intended in the future, to what has been
used in the past, the wander factor can be reliably inferred or the design
can be “calibrated” to the past wander factor.



Structural Life, Distress Modes
and Terminal Conditions

As repeatedly emphasised by Patrick[1], [2] and others, it has been
demonstrated that few New Zealand pavements attain a terminally high
severity of rutting because regular maintenance, limit rut depths,
therefore pavements are more likely to be rehabilitated for basic
economic reasons, usually because the net present value (NPV) of
predicted future maintenance costs exceeds rehabilitation cost.

For any distress mode, the traditional method of predicting pavement
life has been to observe pavement performance in relation to
mechanistic parameters, but these models date back several decades, so
greater use of current technology may warrant consideration.



Regional Precedent
Performance of Pavements

The strength of the RPP study is that it defines critical values for deformation
or fatigue parameters in each mature network, and these can be inherently
inclusive of all possible structural distress modes if the analysis is done for
stresses and strains in all layers. Some surfacing distress modes can be
included also. 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. These criteria can then be calibrated for use in
running the Forward Work Programme model for maintenance, resurfacing
and rehabilitation. Using these concepts allows the RPP model for pavement
life prediction in terms of distress modes to be adapted to incorporate the
following principal categories:

• Surfacing distress modes
• Structural distress modes
• Economic triggers



Distress Modes -DynELMOD Model
Surfacing distress modes

• Seal deformation (more likely as multiple seal layers accumulate)
• Flexure (cracking in seal or thin AC)
• Seal flushing

Structural distress modes
• Aggregate rutting (basecourse or sometimes subbase)
• Shallow shear (shoving) of basecourse or subbase
• Potholing- aggregate instability/excessive water in unbound granular layer(s)
• Aggregate degradation
• Cracking (conventional, bottom up) of bound layers
• Flexure (top down cracking) of bound layers
• Subgrade rutting
• Subgrade shear
• Roughness progression

Economic triggers
• Excessive maintenance costs for the surfacing
• Excessive maintenance costs for the structural layer(s)



Structural Life
and Terminal Conditions

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 following). 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 in the following:





Structural Performance Model
The steps represent maintenance and repairs. Time intervals between
repairs can be expected to decrease progressively.

Patrick considers that in some cases, these can cycle almost indefinitely
with little 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 surfacing instability should
eventually develop (encompassed by the shear mode in the above
model), and if not, shear instability from basecourse degradation is
probably inevitable.



Structural Life, Distress Modes
and Terminal Conditions

There are of course many additional distress modes (over 20 identified
by Dawson).

Some of these, e.g. foundation settlement (consolidation at depth due to
surcharge) and foundation shear deformation, 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 RPP structural model.

Similarly, the other various forms of surfacing distress are not considered
as they do not require structural rehabilitation.



Predicted Life by
Distress Mode

For each individual road or treatment
length, model determines which mode of
distress occurs first for each test point.

Legend

Flexure

Excessive maintenance costs

Shear

Roughness

Rutting

Calibration preferable for each region.



Predicted Life by
Distress Mode

For each individual road or treatment
length, the cumulative plot allows ten
percentile life to be readily assessed
along with principal distress mode.
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10 percentile life => 0.04 MESA



Moving from a single fatigue criterion to 5, then more recently to 10 or more
has been an evolving process during the RPP study. With successive pavement
engineers from different regions providing feedback, “exceptions” (where the
reality check was inconsistent with the model) became evident, requiring
refinement or the addition of entirely new stress/strain or other deformation
criteria in the model.

Using the RPP estimate of economic life in conjunction with modelling the
other structural distress modes (fatigue related) allows asset managers to
substantially extend the number of years for which modelling of a Forward
Work Programme can be reliably projected, from 2 or 3 years, to probably
several decades.

Distress Modes
and Terminal Conditions



Application of RPP:
DynELMOD

The most convenient package for FWD analyses is ELMOD (Evaluation of
Layer Moduli and Overlay Design) – a widely recognised multi-layer elastic
back and forward analysis software package by Dynatest. It accommodates
non-linear subgrade moduli which are exhibited by the majority of New
Zealand soils.
DynELMOD:  Is an extension of ELMOD incorporating additional sensors and
inclusion of (i) dynamic characteristics at each test point (ii) the asset
database and (iii) links to in-house file information (test pits, penetration
tests, layer properties).
http://www.dynatest.com/software/elmod.aspx
Additional sensors are being explored progressively to ensure that the
rapidly advancing technology changes are being utilised to the maximum
extent practical.
The output is generated as both Excel spreadsheets and Google Earth .kmz
files.



References
[1] Bailey, Patrick & Jackett NZTA RR 259

[2] Arampamoorthy & Patrick NZTA RR 421


