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ABSTRACT

Accelerated Pavement Testing (APT) aims to evalpaieement sections under a range of
loading and environmental conditions in order tpiiave the knowledge of the potential performance
of the pavement layers and structure under a fatige of operational conditions. Using this
philosophy it is standard APT practice to selectiage of vehicular loading conditions (i.e. load
levels and tire inflation pressures) as well asremmental conditions (i.e. temperatures and mogstu
conditions) for different tests and obtaining tleeponse of the pavement under the specific selected
conditions. The outputs of these tests are therbowed to develop a model of pavement response
under expected field conditions.

The selection and application of load conditiona igell-known and documented process for
most APT devices. However, the selection and agiitio of environmental conditions still requires
some clarification as this is not one of the staddgptions on the APT device, but rather an action
prepare and condition the pavement before and glting APT test.

In order to provide guidance on the possible metlagles for evaluating specifically
moisture related pavement response using the Heafiicle Simulator (HVS), this paper describes
the objectives, potential effects and availablehmés for performing HVS tests on pavements where
the moisture condition of the pavement is a magyameter in the experimental design test matrix. It
starts with background on the objectives of thgpeg of tests, followed by typical outcomes and
potential outcomes of HVS tests where the moistoraition of the pavement or specific layers in
the pavement is under investigation for a sped#it. Practical guidance is then provided on the
potential systems (how to manage the moisture dwee) as well as the methods (when to manage
the moisture — test program) that can be emplopétbntion is also given on the monitoring of
moisture condition before and during the test drelrelevance to practical field conditions where
seasonal moisture changes occur.
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INTRODUCTION

Accelerated Pavement Testing (APT) is a technolitgy is used to simulate the effect of mainly
accelerated loading conditions on a pavement streicin an attempt to determine the expected failure
mechanisms and life for the specific pavement sirecunder the simulated conditions. However, wheel
loading is only one part of the loading that is lagapto real-life pavements and in order to obtainealistic
understanding of the performance of the pavembatehvironmental loading should ideally also besatsred.
The temperature and moisture condition of the parerare the two typical environmental loading ctinds
evaluated for pavements. The influence of thesamaters has already been acknowledged for manyg Viear
Croney and Bulman, 1972; Freeme et al, 1987). Wheiheperature is a primary parameter for asphaliat a
concrete pavements, moisture condition is the pynparameter affecting the performance of granaled
stabilized layers as well as the subgrade. In scases the moisture of asphalt pavements can elsaried
when effects such as stripping are investigate@ dpplication of heat or cold conditions to the graent as
well as the monitoring of these parameters is ikebt straight-forward and done on a routine basismany
APT tests and facilities.

However, the application and monitoring of moisttoea pavement are typically more difficult to
perform and require more planning and specificrimeentation than the monitoring of temperature eldn
this paper the protocols for moisture related aed¢bd testing using the Heavy Vehicle Simulatov$jare
discussed. The paper starts with the objectiveadhicing moisture to the pavement, followed by scdgsion
on the potential effects of water on the test pammNext, the available systems for applying tleerto the
test pavement are discussed, followed by a disougsi the various available monitoring systemsageéneric
protocol for the addition of water to HVS sections.

OBJECTIVESOF INDUCING MOISTURE TO THE PAVEMENT

The moisture content of the pavement can be vadesrve different purposes. The overall objective
of this procedure is to determine the effect ofngjes in moisture condition on the performance efghvement
structure, and specific layers in the structuree Tevelopment of Moisture Accelerated Distress (MAs
defined by De Beer and Horak (1987) as a spedflare mode where the addition of moisture to taegment
structure causes severe and relatively rapid stralctdamage to the pavement. The response indidated
Figure 1 indicates schematically the developmenmMéD for a granular pavement structure, while Fey@
indicates data from a pavement that was initiahlted in the dry condition and for the final partiof the test,
surface water was added during loading. The majecties of moisture variations include:

e Evaluation of behavior of pavement layers undefediint moisture states with and without the
influence of loading;

e Evaluation / simulation of the effects of rainfafi the pavement;

e Evaluation of the seasonal effects of wet and @njogls;

« Evaluation of the effects of increased pore watesgures in various layers, and

e Evaluation of moisture induced failure mechanismpavement layers.

FIGURE 1 Schematic indication of the development of Moisture Accelerated Distress (MAD) in a
granular pavement structure.

FIGURE 2 Surface rut development for a stabilized pavement with a thin asphalt surfacing where
surface water was added towardsthe final stages of thetest.

The simulation of these effects is specifically orant when models of the behavior of moisture
sensitive materials are being developed. Theserialst@ot only include the typical granular matesjdout may
also include asphaltic materials where the potkfuiaactions such as stripping of the binder fritva aggregate
under high pore pressure conditions are to be atedu When performing HVS testing to develop a full
performance model for a specific material typds itmportant to vary the applied moisture condiidrom a
relatively dry state to a relatively wet state forconsiderable period of the test, to ensure tiatcombined
effects of the moisture condition and applied load become visible in the parameters being momitdreing
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the test. Often, the time required for moisturenigrate through a layer, especially if the layerwisl|
compacted, may be considerable and in such caeeger period of pre-treatment with water and aésiing
would be required.

In cases where a specific condition is simulatesl ¢ainfall) the objective of the test should gutte
specific conditions simulated. In the case of thteptial effect of rainfall on the pavement, fostence, the fact
that some pavements will be relatively impermeablihne water when applied form the surface actyafys in
the favor of the pavement structure, and water Ishoot be forced into the pavement layers artifigjeas this
will negate the benefits of the impermeable surfgci

Hugo (1999) highlighted the importance of accountior the effects of changing moisture contents
during APT as one of the major lessons learned #é& studies, specifically when evaluating failunedes of
pavement structures.

POTENTIAL EFFECTS OF ADDITION OF WATER TO THE TEST
PAVEMENT

When varying the moisture content of the pavem#nttire the potential effects of the action on the
performance of the pavement should be defined atidigated to ensure that the correct pavementoresp
parameters are monitored during the test. The tbgeshould also be to remain within realistic ntois
conditions to ensure that the results would beieglple to pavement analysis and design proceduisgscally
the behavior of the pavement under the increasedtume conditions would be termed the Moisture
Accelerated Distress (MAD) phase of the test. Thieaive of the addition of the water is to evakuathether
(or to what extent) the presence of the water énpgavement structure affects the deterioratiomefpavement
structure.

The typical effects that occur on rigid and flegilpavements during MAD differ. In both cases the
ultimate effect is a reduction in the life of thevement structure. The following is a summary efsthtypical
effects that can be expected for each of thesestyppavement structures:

* Rigid pavement structures
o Joint faulting;
Cavity formation ;
Reduction in Load Transfer Efficiency.
Pumping;
Loss of support / increased deflections, and
eventually spalling, cracking and pothole formation

O O0OO0OO0OOo

¢ Flexible pavement structures

Stripping of the surfacing (Figure 3);

Increased rut / layer deformation;

Potholing;

Uneven surface deformation;

Structural failure in sub layers;

Stripping in permeable asphalt layers, and

Increased deflection in lower layers that can leacracking of upper layers.

o

OO0OO0OO0OO0OOo

A clear analysis of the potential effects for tipedfic pavement structure under investigation shou
be conducted before the test is finally planned andducted, as these potential effects will affeu
parameters to be monitored, instrumentation useld@ation of sensors in the pavement structurénduhe
test.

FIGURE 3 Indication of stripping of HM A duetowet HVStest.
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AVAILABLE SYSTEMS FOR APPLICATION OF WATER TO
THE TEST PAVEMENT

There are various available systems that can be tesapply water to the tested pavement structure
(i.e. De Beer and Horak, 1987). The selection odppropriate system depends on factors such asptwfic
effect required (i.e. surface water distress orkedabase or high water table distress), for the H¥S in
guestion. There are typically two types of wateplajation systems, based on the conditions simdlalbese
are based on the addition of surface water andusigtwe water. The following typical effects candimulated:

e Simulation of rain and surface run-off
0 Spraybar attached to the test carriage of the HVS;
0 Sprayers on the side of the test section (Figure 4)
o Slots in the surfacings with water allowed to rwerthe section (Figure 5), and
o Dam around the test section and water allowedatodsbefore commencing with the test.

e Simulation of subsurface water and high water table
o Core holes drilled on the outside of the test sactind being filled with water (variable
and constant head);
0 Water introduced through pipes into the base / asbl subgrade (variable and constant
head), and
0 Building of test sections in an enclosed pit witbaatrollable watertable.

FIGURE 4 Indication of sprayersnext to section to supply water to section surface.
FIGURE 5 Indication of dots sawn into surfacing to allow water penetration through imper meable
surfacing.

AVAILABLE METHODS FOR APPLICATION OF WATER TO THE
TEST PAVEMENT

Once the type of water simulation is selected astmt should be made regarding the program to be
followed for the application of the water. Agairgrious options exist for the type of simulation.efé are
essentially five methods for programming the watgplication to the test section:

e« Water added before the test commences and stopyréngdhe test (i.e. dam) (simulation of
saturated soil conditions);

*  Water added before the test commences and duriaget$t (i.e. dam) (simulation of loading
during saturated soil conditions);

» Continuous addition of water during the test swefacsub-surface;

« Intermittent addition of water during the test -gthifrequency (i.e. simulation of seasonal rainfall
effects), and

*  Water added continuously to the section during ifipestages (i.e. 100 000 repetitiomlry,
100 000 repetitions wet etc).

Care should be taken when selecting a method fanegplication to ensure that the desired outcomes
of the specific test can be obtained. It is atepadrtant to note that in order to monitor the spedcffect of
moisture, no other parameter (such as wheel loaégeivspeed and tire pressure) should be alteredgdtire
test. The effects caused by the simulated moistonelition can only be isolated if all other tegtiparameters
stays constant during the testing period.
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MONITORING

Application of water to the test section is onet drthe moisture acceleration of APT sectionds It
also important to monitor the amount of water aggplio the section and the effect that the appliateiwhave
on the in-situ moisture content of the pavementiols methods exist for the monitoring of water teo in
the pavement. The simplest method is the monitasfrthe additional amount of water applied to thegment.
However, this only provides an indication of thetgmgial volume of water available for penetratire t
pavement and this information can be quite mislegdvhen analyzing the results from the test. Ulteha
some type of sensor is required to measure thefigpeifect that the water has on the pavementriagad the
condition under which the pavement layers operating the test. For this purpose two approachesbean
followed.

The first approach is merely an evaluation of theistare content of the various pavement layers
before the test commences, and a forensic evatuetithe moisture condition after the test has bmenpleted,
and assumptions regarding the changes of the meistuntent in the pavement layers between thes@aivis.
This is a simple but crude system that will notyide good data for analyzing changes in the pavémen
structure during the test, especially if the maistcontent in the pavement layers is expected am@d during
the course of the test. In this approach instrusenth as a nuclear gauge or material samplindpearsed to
monitor the moisture content in trial holes nexthe section before commencing with the test astlethe
section after completion of the test.

The second approach is to have a system for cantgmonitoring of the moisture content inside the
pavement layers during the test. Although thishis ideal situation, it is not necessarily alwayacfical or
attainable, and various adaptations of this appreae required. These adaptations typically inclpideement
of permanent sensors around the test section csureraent of moisture content using nuclear proless to
the section during the test. Typically, the placetnef sensors inside the test area (under the tbadeel)
disturbs the pavement layer to such a degree Heatmoisture sensor data may not necessarily beatorr
especially if the material packing around the serd@anges to such a degree that it affects the gditity of
the material. This would obviously lead to inactenaoisture data.

Typical moisture sensors that are used for momigpthe moisture content in the pavement layers
include:

» Time Domain Reflectometry (TDR) probes,
* Nuclear gauge measurements, and
»  Gravimetric moisture determination

The experience from various APT programs on the arsg applicability of the available sensors
differs. Typically, a method such as the gravintetnioisture determination is not a first choicetagquires a
destructive removal of material from the test sectiObviously this can only done at the end of st te
calibrate the data obtained during the test and @isobtain an indication of the final moisture tamt of the
various layers. However, depending on the time betwcompletion of the test and obtaining the moéstu
samples, there can be quite a difference in thekees. Nuclear gauge measurements are much sitopigke
and can be performed next to the section at regularvals during the test. However, some conceengain
with the accuracy of nuclear gauge obtained mastantents and at the very least calibration ofdhe is
required for the specific material monitored. TDRlges have started to become a popular alternatitre
various smaller devices being available as sensorgrovements in accuracy and procedures requioed f
measurements also lead to these sensors curregithg lbne of the better devices for obtaining moestu
conditions during a test. The installation of tresors after construction of the test section armbeqguent
potential changes in the density of the pavemeydrlanaterial around the sensor remains a concdraser
devices should be calibrated (in a laboratory)ther specific materials in which they are installadthe very
least the TDR probes can provide a good indicatibthe changes in moisture content during a testy(H
1999).

During the monitoring and analysis of the pavembebavior during the wet test, it should be
anticipated that changes in the pavement behaaiohappen rapidly when the pavement material clsafnigs
a relatively dry and strong condition to a relayvevet and weak condition. Such changes can be laddgy
performing California Bearing Ratio (CBR) testdlie laboratory on the selected materials at diffeneoisture
contents and densities to identify the potentigblications of these variations on the behaviorhaf $pecific
materials. Such tests would be valuable in detangithe monitoring program of the test sectionsetsure
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that the required attention is given to specifioparties during specific phases of the test, abageie specific
layers of the pavement structure.

Further, it should also be appreciated that in soim@imstances the effect of the additional mogstur
on the pavement behavior may take some time to fesinitself, especially if the pavement structuse i
relatively insensitive towards moisture changes. @ very dense and impervious layer may requirees rtime
for changes in the moisture content than a lessedyer).

The level of confidence and accuracy of the moéstietermination depends on the instrument type and
the number and location of sensors. It is suggesigdat least two different methods should be {sedTDR
or Nuclear gauge in conjunction with soil sampling)a specific test. Care should be taken thasdilesamples
from the test section should be taken at the sapthdis the location of the non-destructive measengs. Due
to potential changes in moisture content, a sene&surements and the soil sampling should be peefbr
simultaneously. It is suggested that measureméiaisid be taken on the upstream and downstreamo$itie
test section to identify any gradients due to flaaeross the section. It is suggested that at |daset
measurements should be taken on each side of ¢tierse

It is also important to measure the moisture cdandéhe surrounding pavement outside the influence
area of the added water. This would ensure thaalistic determination of the effects of the aduiiil water on
the pavement can be made. This control data won#ble the natural changes in moisture content ef th
pavement to be evaluated together with the asifioonditions.

GENERIC PROTOCOL

Based on the experience with wet HVS tests thedtlg generic protocol is proposed for planning
and execution of wet HVS tests:

arwdE

o

B oo~

Decide on the objective of changes in the moistorgent (i.e. why is the water required);

Model the potential outcome of the addition of wdte. what to expect from the pavement);
Decide on an appropriate system for adding thenvate

Design or modify the system required to add theewat

Install the required devices to the HVS or onto tib& section and ensure that water application
can be controlled and monitored before the testcentes;

Monitor the application of the water as well as ttlenges in the pavement response using
standard pavement behavior parameters (be caefapéd changes may occur);

Ensure that appropriate ‘dry’ control sectionsavailable for comparison of behavior;

Ensure that any additional water (such as raimjei$ recorded and accounted for;

Investigate the in-situ moisture content (and wtgble) prior to the addition of water, and

. Perform the analysis of the data from the varicammeters monitored in conjunction with the

record of applied water to the section.

CONCLUSIONS

Based on the information provided and discussebignpaper, the following conclusions are drawn:

* Changes in the moisture content of pavement lajetisg APT can produce significant changes in the
behavior of the pavement structure;

* There are various outcomes possible when allowiranges in the moisture content of a pavement and
these should be anticipated when planning the test;

» Various methods are available for adding watemt&l®S test section, and

» Appropriate planned is required to ensure that a W¥S test is well planned and that the potential
outcomes are planned for and monitored duringehbe t
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FIGURE 1 Schematic indication of the development of Moisture Accelerated Distress (MAD) in a
granular pavement structure.
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FIGURE 2 Surface rut development for a stabilized pavement with a thin asphalt surfacing where
surface water was added towardsthe final stages of thetest.
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FIGURE 3 Indication of stripping of HM A duetowet HVStest.
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FIGURE 4 Indication of sprayersnext to section to supply water to section surface.
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FIGURE 5 Indication of dots sawn into surfacing to allow water penetration through imper meable
surfacing.



