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Since the theoretical work of Boussinesq in the 1880’s pavement engineers have strived to develop 
design and analysis methods similar to those used for other engineering structures, where a 
mathematical model is used to determine the critical stresses and strains, which are then compared 
to permissible values. Both of these two steps are associated with considerable difficulties. Most 
pavement materials are more or less granular in nature, responding to external excitements neither 
as solids nor as liquids, but somewhere in between. Under load they respond with a mixture of 
elastic, viscous, visco-elastic and plastic deformations, and are prone to temperature, time-
hardening, thixotropic, and aging effects. Only recently has numerical computation based on the 
Distinct Element Method (DEM) become available, but it will still be a while before computers will be 
efficient enough to treat even semi-realistic problems. Until then pavement engineers will have to 
rely on approximate methods, mostly based on solid mechanics. 
The second step in the engineering analysis requires knowledge of the permissible stresses or strains 
in the different pavement materials. Several approaches have been followed in order to establish 
such values, based mostly on 1) laboratory testing on samples of different materials, 2) full scale 
testing of pavements under controlled conditions, and 3) observation of in situ pavement systems 
under real traffic loading and real environmental conditions. Each approach has obvious advantages 
and disadvantages, but may well supplement one another. 
The method described in “Pavement Design and Asset Management Using Precedent Performance” 
is very innovative and makes efficient use of a unique database collected over more than twenty 
years on New Zealand road pavements. Other large databases of pavement systems or materials 
testing do exist, such as those collected in the United States, and elsewhere, during the Strategic 
Highway Research Program (SHRP) which has been going on for more than twenty years, but what 
makes the New Zealand database unique is the fact that all the deflections measured with the Falling 
Weight Deflectometer (FWD) have been analysed using the ELMOD (Evaluation of Layer Moduli and 
Overlay Design program from Dynatest), in order to derive the moduli of the individual layers from 
an inverse analysis of the deflection data. This back-analysis method allows for non-linear elastic 
subgrades, that are of crucial importance for pavements with relatively thin bitumen or cement 
bound layers, typical of New Zealand roads. It has been repeatedly demonstrated that ELMOD 
provides realistic pavement layer moduli, and predicts the pavement response reasonably well 
compared to measured response values. For each measured deflection basin, the layer moduli have 
been determined, based on the thickness of the pavement layers, using a consistent analysis 
procedure, and stored in the database. The New Zealand database thus contains fundamental 
materials properties, enabling an analytical modelling of the pavement response and performance, 
rather than simple analyses based on purely statistical methods. Similar interpretation of the FWD 
deflection data has not been carried out for any other existing database of similar magnitude. In 
addition, the design traffic of all pavement sections tested, have been determined and associated 
with each of the analysis points. 
The fact that the database contains layer thicknesses and layer moduli, makes it possible to 
determine the critical stresses and strains in the different pavement layers under a standard axle 
load, based on mechanistic methods. This pavement response can then be related to the design 
traffic, and relationships between critical stresses or strains, and the number of load repetitions can 
be established, based on assumptions of the frequency of pavement rehabilitation measures. 
Several examples are given in the paper that clearly demonstrates the oversimplifications of existing 
design relationships.  
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Of particular importance is the demonstration of the variation of the exponent in the relationship 
between response and number of load repetitions. The large majority of existing relationships, 
mostly based on laboratory testing or full scale testing under controlled conditions, assume a 
constant exponent, but the data based on Precedence Performance clearly demonstrates that this is 
erroneous; there are large variations in the exponent depending on the traffic level, the types of 
materials and the material modulus. This information is highly significant for the prevention of 
overdesign or premature failure. 
 
For a number of pavement sections, where multiple FWD testing sessions have made it possible to 
establish time series from the database, it has also been feasible to determine the changes in 
pavement layer moduli as functions of time and traffic loading, and to some extent also of climatic 
region. Again this has demonstrated that existing assumptions of the development of layer moduli 
with time and traffic, based mostly on laboratory data, can be rather different from the actual 
development of the layer moduli, in real pavements under real traffic and climatic conditions. This is 
of particular importance for foamed bitumen or cement bound materials, but is also of interest to 
many other pavement materials. 
 
The database of fundamental pavement layer characteristics, established for New Zealand, and the 
innovative interpretation of the data using Precedence Performance methods, ought to be optimally 
exploited, and to be continued, if possible with additional data on pavement condition (roughness, 
rutting, cracking etc.) in order to develop more realistic and reliable methods for prediction of 
pavement deterioration, as a function of time, loading, environment, and maintenance and 
rehabilitation actions. If additional time series, comprising other pavement condition parameters 
than layer moduli, can be established, the method should also open the way for incremental-
recursive pavement design and evaluation methods, where the constantly changing parameters such 
as moduli, climate, loads, damage, aging etc. may be taken into consideration. This will require a 
concerted effort to keep up the unique New Zealand database on fundamental pavement properties 
and extending it by relevant data on pavement condition, maintenance and rehabilitation actions, 
and possibly on some environmental data.   
 
Per Ullidtz 
Dynatest International 
2014/09/06 
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Analytical Tools for Design of Flexible Pavements – Dr. Per Ullidtz1 

 

                                                             
1  http://asphalt.org/downloads/Keynote2002.pdf 
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Basis and worked example (P. Ullidtz) 

Incompatibility of deflection criteria and strain criteria 
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